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RESUMO

A cardiotoxicidade ¢ uma importante complicagcdo relacionada a terapia oncologica
nos pacientes portadores de cancer. Seu diagnostico baseia-se na avaliacdo seriada da
fracdo de ejecdo (FEVE), entretanto, muitas vezes sua queda ocorre tardiamente
durante a evolu¢ao desta condi¢do. Realizamos uma busca sistematica em 5 bancos de
dados, analisando pardmetros da cintilografia com '2’I-MIBG em relagdo a FEVE
para avaliagdo de toxicidade cardiaca. Doze estudos foram incluidos, sendo separados
em trés grupos: estudos com cardiotoxicidade estabelecida, estudos avaliando
pacientes durante ou apods tratamento quimioterdpico comparados a controles e
estudos com alteragdes dos pardmetros de '>*I-MIBG dose-dependentes. Observou-se
que as alteragdes do '>’I-MIBG parecem ocorrer paralelamente a deterioragdo da
FEVE, com a queda da relagdo coracdo/mediastino (RCM) ocorrendo precocemente
em alguns estudos, quando a FEVE ainda esta preservada. Desta forma, a imagem da
inervacdo simpatica cardiaca pode ser considerada uma ferramenta promissora na

predicdo e avaliagdo precoce de cardiotoxicidade.

Palavras-chave. Cardiotoxicidade. Agentes antineoplasicos. Cintilografia com

1231-MIBG.



ABSTRACT

Cardiotoxicity is an important complication associated with chemotherapy in cancer
patients. Its diagnosis is based on the serial assessment of left ventricular ejection
fraction (LVEF), however, the decrease in LVEF occurs lately during the evolution of
this condition. We performed a systematic review in 5 databases, analyzing cardiac
imaging with '2I-MIBG in relation to LVEF for evaluation of cardiac toxicity.
Twelve studies were included, being separated into three groups: cardiotoxicity
studies, studies evaluating patients during or after chemotherapy compared to controls
and studies with dose-dependent changes in '2’I-MIBG parameters. We observed that
changes in '2’I-MIBG parameters seem to occur in parallel with the deterioration of
LVEF, with a decrease in heart/mediastinum rate (HMR) occurring earlier in some
studies, when LVEF is still preserved. Thus, cardiac sympathetic innervation imaging
could be considered a promising tool in the prediction and early assessment of

cardiotoxicity.

Key words. Cardiotoxicity. Antineoplastic agents. Scintigraphy with 123I-

MIBG.



LISTA DE ABREVIATURAS E SIGLAS

AHA American Heart Association

ASCO American Society of Clinical Oncology

AVE Acidente vascular encefalico

BNP Peptideo natriurético cerebral do tipo B

DAC Doenga arterial coronariana

EUA Estados Unidos da América

FEVE Fracdo de ejecdo

HAS Hipertensao arterial sistémica

HER2 Receptor do Fator de Crescimento Epidermal Humano 2
IC Insuficiéncia cardiaca

iIECA Inibidores da enzima conversora de angiotensina
IB3I.MIBG 123 Todo metaiodobenzilguanidina

MPO Mieloperoxidase

NE Norepinefrina

NET Transportador da norepinefrina

NT-proBNP N-terminal pro-BNP
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NYHA

PET

RCM

RMC

ROI

RT

SBC

SLG

SPECT

TC

Tnl

TnT

New York Heart Association

Tomografia por emissdo de positrons

Relagdo de captagdo coracdo/mediastino

Ressondncia magnética cardiaca

Regido de interesse

Radioterapia

Sociedade Brasileira de Cardiologia

Strain longitudinal global

Tomografia por emissdo de féton tinico

Taxa de clareamento

Troponina I

Troponina T
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INTRODUCAO

O progresso cientifico das ultimas décadas quanto ao diagndstico e manejo
dos diversos tipos de neoplasias tem levado ndo s6 a aumento da sobrevida livre da
doenga quanto a aumento da sobrevida em pacientes portadores de neoplasias
consideradas incuraveis (1). A partir da década de 90, a preocupagdo pela toxicidade
de muitos tratamentos quimioterapicos e radioterapicos comegou a surgir, ao
verificar-se que, apesar da melhora da sobrevida global, muitos pacientes o faziam as
custas de deterioragdo neurologica, malignidades secundarias e, principalmente,
morbidade cardiovascular (2). A cardiotoxicidade relacionada ao tratamento
quimioterapico inclui desde disfuncdo cardiaca assintomadtica até insuficiéncia
cardiaca (IC) irreversivel, de acordo com diferentes classes de medicamentos
oncoldgicos e fatores de risco dos pacientes (3,4). As antraciclinas sdo as drogas mais
amplamente utilizadas, porém as de maior potencial cardiotdéxico. As manifestagdes
de cardiotoxicidade podem surgir algumas horas apos a administracdo da mesma ou
desenvolver-se tardiamente, até mesmo varios anos apoOs o tratamento. A
cardiotoxicidade aguda ¢ rara e frequentemente reversivel, enquanto a cardiomiopatia
tardia ¢ mais frequente, geralmente relacionada & dose cumulativa e de prognostico
desfavoravel (5,6). Outros agentes apresentam diferentes mecanismos de ac¢do no
dano estrutural cardiaco, sendo o trastuzumabe a segunda droga com maior impacto
cardiovascular em termos de frequéncia de disfuncdo cardiaca, geralmente levando a
cardiotoxicidade reversivel e sem associacao com doses cumulativas do medicamento

(7-10).

Atualmente, o diagnodstico de cardiotoxicidade baseia-se na avaliagdo

seriada da fracdo de ejecdo do ventriculo esquerdo (FEVE), através de
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ecocardiograma, ventriculografia radioisotopica ou por ressondncia magnética
cardiaca (RMC), associada ou ndo ao uso de biomarcadores cardiacos, capazes de
avaliar injaria miocardica (11-13). No entanto, esses métodos apresentam algumas
limitacdes. A baixa sensibilidade, a elevada variabilidade inter e intraoperador e a
deteccdo muitas vezes tardia do dano miocardico de alguns métodos, tornam
necessario modalidades alternativas de imagem para detec¢do precoce da toxicidade
cardiaca, criando oportunidade para minimizar o grau de dano irreversivel ao

miocardio, sem comprometer o tratamento oncoldgico (4,14).

Técnicas capazes de avaliar o processo fisiopatologico a nivel tissular, teriam,
teoricamente, maior capacidade de deteccdo precoce de alteragdes relacionadas a
toxicidade cardiaca, aumentando assim a capacidade de predi¢cao de declinio funcional

e prevencao de miocardiopatia (15).

A hiperativacdo do sistema nervoso simpdtico cardiaco ¢ um mecanismo
compensatorio potente em pacientes com IC, sendo capaz de manter o débito cardiaco
nas fases iniciais da doenca. Entretanto, com a progressio da mesma, a fungdo
hiperadrenérgica estd associada a aumento do estresse miocardico, fibrose e
progressdo de doenca, resultando em pior progndstico neste grupo de pacientes

(15,16).

Estudos experimentais e observacionais prévios tem sugerido que o dano
adrenérgico ocorre antes da disfun¢do contratil (17-19) de modo que a avaliagdo do
sistema adrenérgico tem sido utilizada em alguns centros na tentativa de detecgdo
precoce de complicacdes cardiacas em pacientes em tratamento oncoldégico (20). O
principal método para avaliacdo do sistema nervoso simpatico ¢ através da imagem

cardiaca usando metaiodobenzilguanidina marcada com iodo radioativo (!> I-MIBG),
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um analogo da norepinefrina (NE), que ndo apresenta metabolizagdo na fenda

sinaptica.

Nesse cenario, o presente trabalho tem como objetivo a reunido e analise de
dados de estudos que avaliem a inervacdo adrenérgica através da cintilografia com
I2ZI.MIBG em relagdo a FEVE, no cenario de cardiotoxicidade, através de revisio

sistematica.
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REVISAO DA LITERATURA

1. EPIDEMIOLOGIA DO CANCER

Doengas cronicas ndo transmissiveis sdo a principal causa de morte no mundo
e estima-se que o cancer venha a ser a principal causa de morte no século 21.
Conforme os dados da GLOBOCAN 2018, produzidos pela International Agency for
Research on Cancer, calcula-se que 18,1 milhdes de novos casos de cancer e 9,6
milhdes de mortes por cancer ocorreram em 2018. Apesar de estratégias de prevengao
demonstrarem redu¢do nas taxas de incidéncia de alguns tipos de cancer, de forma
global, houve um aumento no niimero absoluto de pacientes portadores da doenca.
Este fato deve-se ao aumento populacional, seu envelhecimento, bem como a uma
elevagdo na exposicdo a fatores de risco para cancer, ligados ao desenvolvimento
social e econdmico. Estima-se que um a cada cinco homens e uma a cada seis
mulheres irdo desenvolver cancer ao longo da vida, enquanto um a cada oito homens e

uma a cada onze mulheres irdo morrer em decorréncia da doenga (21).

O progresso cientifico das ultimas décadas quanto ao diagnostico e manejo dos
diversos tipos de neoplasias tem levado ndo s6 a aumento da sobrevida livre da
doenca quanto a aumento da sobrevida em pacientes portadores de neoplasias
consideradas incurdveis (1). Em 2018, The Cancer Atlas reportou a existéncia de
aproximadamente 43,8 milhdes de sobreviventes de cancer no mundo e conforme
dados do National Cancer Institute, estima-se a existéncia de 16,9 milhdes de
sobreviventes de cancer nos Estados Unidos da América (EUA) em 2019. Nos EUA e
Europa a sobrevida em 5 anos para todos os tipos de cancer vem aumentando,

atingindo mais de 66% em pacientes diagnosticados entre 1999 e 2006. Para a maioria
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das neoplasias de mama, testicular, colorretal, doenga de Hodgkin e leucemias em

criangas, as taxas de sobrevida em 5 anos tem atingido cerca de 90% (3,22).

2. CARDIO-ONCOLOGIA

A partir da década de 90, surgiu a preocupagdo pela toxicidade de muitos
tratamentos quimioterdpicos e radioterapicos, ao verificar-se que, apesar da melhora
da sobrevida global, muitos pacientes o faziam as custas de deterioracdo neurologica,
malignidades secundérias e, principalmente, morbidade cardiovascular (2). Esta
preocupacdo ¢ especialmente importante na populacdo pedidtrica, levando a
morbimortalidade precoce. Um estudo com sobreviventes de cancer na infincia
tratados com antraciclinas e/ou radioterapia (RT) mediastinal demonstrou um
aumento de 15 vezes no risco de desenvolvimento de IC durante a vida, em relagdo a

controles pareados (23).

Além disso, muitos fatores de risco ligados ao desenvolvimento de cancer,
como a idade avangada, o tabagismo e a obesidade, estdo também associados ao
surgimento de doengas cardiacas, aumentando por si s6 o risco cardiovascular da
populacdo oncologica. Um estudo publicado no Breast Cancer Research em 2011,
avaliando mais de 63 mil mulheres portadoras de cancer de mama por uma mediana
de seguimento de 9 anos, demonstrou que a morte cardiovascular foi a principal causa
de morte em 15,9% da populacdo estudada, seguida de morte secundéria ao cancer em
15,1%. Com isto, estima-se que a morte cardiovascular venha a ser a principal causa

de morte apods 10 anos do diagndstico de cancer de mama (24).

Neste contexto e diante de uma propor¢do significativa de pacientes
oncologicos convivendo com doengas cardiovasculares cronicas, decorrentes tanto de

fatores de risco pessoais quanto secunddrias ao tratamento oncoldgico, uma nova
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subespecialidade vem ganhando destaque na comunidade médica, a cardio-oncologia.
Seu objetivo principal ¢ a avaliagdo clinica detalhada, com enfoque na detec¢dao dos
principais fatores de risco tanto do paciente quanto relacionados a terapia proposta,
com medidas que previnam a ocorréncia de cardiotoxicidade, bem como o
acompanhamento seriado destes pacientes permitindo o diagnostico precoce das
principais complicag¢des cardiovasculares decorrentes do tratamento. Estas medidas,
através de equipe multidisciplinar composta por cardiologistas e oncologistas, visam a
viabilizac¢do do tratamento quimioterapico efetivo, minimizando ao maximo os efeitos

adversos cardiovasculares (1,3).

3. CARDIOTOXICIDADE

O comprometimento cardiovascular ¢ uma das complicagdes mais temidas da
terapia oncologica, com as primeiras evidéncias de cardiotoxicidade datando da
década de 1970, poucos anos apds o advento das antraciclinas. Em 1973, observou-se
que administragdes repetidas de antraciclinas resultavam em lesdes permanentes a
nivel celular ¢ intersticial, com risco aumentado de desenvolvimento de IC (25). Mais
recentemente, o anticorpo monoclonal trastuzumabe foi associado a aumento de risco
de cardiomiopatia. Este agente induz disfuncdo transitoria reversivel dos miocitos,
apresentando melhor prognoéstico clinico em comparagdo as antraciclinas (7,10).
Antraciclinas e trastuzumabe sdo as principais drogas estudadas no cenario de
disfuncdo miocardica secundaria ao tratamento quimioterapico, sendo o foco deste
trabalho. Devido aos seus diferentes mecanismos de agdo, manifestagdes clinicas e
evolucdo da doenca, abordaremos os aspectos pertinentes a cada uma delas

separadamente.
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3.1.  Defini¢ao

Apesar da cardiotoxicidade ser reconhecida ha mais de 35 anos, existem
algumas lacunas no reconhecimento dos seus mecanismos, defini¢des, fatores de risco

individuais e prevengao (4).

A defini¢do de cardiotoxicidade ¢ varidvel entre os centros, ndo existindo até o
momento um conceito padronizado, o que impacta na frequéncia e tempo do
diagnostico. Na pratica clinica, esta condi¢ao ¢ identificada no cenério de IC de inicio
recente ou de disfungdo ventricular esquerda em individuos expostos a tratamento
quimioterapico. A FEVE ¢ a medida mais comumente empregada para detec¢dao de
cardiotoxicidade, embora seus limites variem amplamente. Um dos primeiros
trabalhos definindo a cardiotoxicidade data da década de 1970 e fazia uso da
ventriculografia radioisotopica para classificar esta condi¢cao em leve (declinio > 10%
da FEVE), moderada (declinio > 15% para uma FEVE < 45%) e severa (IC
congestiva) (26). A Sociedade Brasileira de Cardiologia (SBC), com o objetivo de
padronizar esta condi¢do para fins assistenciais e de pesquisa, publicou uma diretriz
em 2011, classificando a cardiotoxicidade de acordo com a queda da FEVE em: Grau
I (reducao assintomatica da FEVE entre 10-20%), Grau II (redu¢ao da FEVE acima
de 20% ou abaixo do valor normal) e Grau III (IC sintomatica) (12). Entretanto, esta
andlise baseada apenas na avaliacdo de um declinio da FEVE ou em sintomas e sinais
de IC apresenta limitagdes. Mais recentemente a Sociedade Européia de Cardiologia
propoOs ferramentas diagnésticas para detec¢do de cardiotoxicidade, sugerindo este
diagndstico em casos de queda da FEVE maior de 10% para valores abaixo do limite
normal aferida por ecocardiograma, redu¢do maior de 15% do strain longitudinal
global (SLG) ou queda da FEVE maior de 10% para valores abaixo de 50%, através

de ventriculografia radioisotopica (11). Ja a Sociedade Americana de Ecocardiografia
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e a Associagio FEuropéia de Imagem Cardiovascular definiram como
cardiotoxicidade um declinio > 10% na FEVE com niveis abaixo de 53%, aferidos por
ecocardiografia, devendo ser repetido em 2-3 semanas (27). A importancia do
reconhecimento e preven¢ao desta condicdo reside na prerrogativa de que a disfungdo
ventricular sintomatica ¢ usualmente o estdgio final de um processo cronico,
conforme pode ser evidenciado na classificacdio de IC empregada pela American
Heart Association (AHA), a qual subdivide-a em quatro estagios progressivos da
doenga, sendo eles A, B, C e D. O estagio A compreende os pacientes com alto risco
para desenvolvimento de IC, porém com coragao estruturalmente normal, o estagio B
inclui os pacientes ainda assintomaticos, porém com altera¢des estruturais cardiacas, o
C, os pacientes com IC clinicamente manifesta e reducdo da FEVE e por ultimo, o

estagio D que envolve os pacientes com IC refrataria ao tratamento padrdo (1, 28, 29).

Esta caracteristica evolutiva da doenca ressalta ainda mais a importancia do

reconhecimento precoce desta condi¢do, minimizando o dano cardiaco irreversivel.

3.2. Evolucio clinica, principais fatores de risco e incidéncia

A incidéncia de cardiotoxicidade, principais fatores de risco bem como
evolucdo clinica e prognostico da doenca sdo diferentes entre as diversas classes de

drogas, motivo pelo qual estes aspectos serdo aqui reportados de forma separada.

3.2.1. Antraciclinas

Antraciclinas sdo potentes agentes antineoplasicos comumente usados para
tratamento de uma variedade de tumores sélidos e hematologicos. Esta classe de
drogas inclui diversos quimioterapicos, incluindo a doxorubicina, daunorrubicina,
epirubicina, idarubicina, entre outros, apresentando elevada eficécia, especialmente no
tratamento de pacientes portadores de cancer de mama, sarcomas, linfomas e

20



leucemias pediatricas (6). Entretanto, estdo associadas a elevado potencial
cardiotdxico, especialmente no que diz respeito a incidéncia de disfuncdo ventricular
esquerda, muitas vezes irreversivel, afetando de forma dramética o prognostico dos

pacientes.

O efeito cardiotoxico desse grupo de drogas foi reportado poucos anos apos a
introduc¢do da daunorrubicina. Em 1979, foi observado um aumento na incidéncia de
IC clinicamente manifesta, proporcional ao aumento de dose, com incidéncias de 3%,
7% e 18% em doses cumulativas de 400, 550 e 700 mg/m? de doxorubicina,
respectivamente (30). Nesta época, sugeria-se limitar a dose cumulativa maxima em
550 mg/m?. Com o advento de métodos de imagem para avaliagio da fungdo
ventricular esquerda, notou-se que a incidéncia desta condicdo poderia ser muito
maior que a estimativa prévia. Em 2003, demonstrou-se que a incidéncia de IC seria
de 5%, 16% e 26% para as doses cumulativas de 400, 500 ¢ 550 mg/m?,
respectivamente, propondo-se uma redu¢dao da dose cumulativa méxima para 450
mg/m? (5,31). Entretanto, um estudo com 2.625 pacientes recebendo antraciclinas,
demonstrou que regimes quimioterapicos rotineiros, com doses cumulativas de
doxorubicina menores de 360 mg/m?, foram associadas a cardiotoxicidade (definida
como queda da FEVE abaixo de 50% ou queda maior de 10% da FEVE em relacdo ao
baseline) em cerca de 9% dos pacientes. A média de tempo entre o fim do tratamento
e o desenvolvimento de cardiotoxicidade foi de cerca de 3,5 meses (intervalo
interquartil 3-6 meses), sendo que 98% dos pacientes o fizeram dentro do primeiro
ano de tratamento (32). Esta taxa elevada em relacdo a estudos anteriores ¢&,
provavelmente, reflexo do uso rotineiro de métodos de imagem. Um outro estudo que
avaliou 1.853 adultos sobreviventes de cancer na infincia demonstrou a prevaléncia
de aproximadamente 7% de cardiomiopatia avaliada por ecocardiograma (sendo que

4,7% detectados na ocasido da avaliacdo), com praticamente todos (99,7% dos
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pacientes) assintomaticos (33). Sendo assim, a real incidéncia de cardiomiopatia e IC
secundaria a agentes quimioterapicos ¢ dificil de prever, sendo varidvel entre os
estudos conforme caracteristicas pessoais do paciente, regime quimioterapico
utilizado e metodologia utilizada para realizacdo do diagnostico. Entretanto, estima-se
que IC clinicamente manifesta e morte cardiaca ocorra em menos de 2,5 % dos
pacientes tratados (34) enquanto uma propor¢do maior de pacientes (cerca de 5,1 —
18,6%) apresenta declinio assintomatico da FEVE (31), o que, no contexto de

cardiotoxicidade, esta associado a maior taxa de eventos a longo prazo (32,35).

A ocorréncia de toxicidade cardiaca pode ocorrer apds a primeira dose
administrada em alguns pacientes, enquanto outros toleram tratamento completo sem
intercorréncias clinicas significativas. A progressdo e o grau de toxicidade cardiaca
relacionada aos quimioterapicos variam entre os individuos, em decorréncia da
propria predisposicao genética e de alguns fatores de risco conhecidos. Os principais
fatores de risco conhecidos sdao: extremos de idade (<18 anos ou > 65 anos), sexo
feminino, doses cumulativas elevadas (Daunorubicina > 550-800 mg/m?,
Doxorubicina > 400-550 mg/m?, Epirubicina >900-1000 mg/m?, Idarubicina >150-
225 mg/m?, Amsacrina >580 mg/m?, Mitoxantrona >100-400 mg/m?), maior duragdo
do tratamento, administragdo das doses com injecdo intravenosa rapida, uso
concomitante de outros agentes quimioterdpicos (trastuzumabe, ciclofosfamida,
paclitaxel, entre outros), irradiacdo mediastinica associada e doencas cardiovasculares
prévias ao inicio do tratamento (IC com FE reduzida (FEVE < 50%), diabetes,
hipertensdo arterial sist€émica (HAS), tabagismo, dislipidemia, obesidade, doenca
arterial coronariana (DAC)). Cabe lembrar que estes fatores de risco estdo
relacionados com a cardiotoxicidade precoce e tardia e ndo com a forma aguda da
mesma (5,6). O principal fator de risco para desenvolvimento de miocardiopatia ¢ a

dose cumulativa. Sendo assim, sabendo-se que doses superiores a 450-550 mg/m?
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estdo relacionadas a aumento significativo do risco de cardiomiopatia e IC, uma das
medidas mais efetivas para redugdo da cardiotoxicidade por antraciclinas ¢ a redugdo
da sua dose total cumulativa de modo a ndo ultrapassar estes niveis. Ressalta-se que a
epirubicina e a idarubicina estdo associadas a menores incidéncia de IC. Todavia, ndo
existe dose completamente segura para prevencao de cardiotoxicidade, devendo a

mesma ser equilibrada com seu grau de eficacia antineoplasica (5).

3.2.2. Trastuzumabe

O trastuzumabe ¢ um anticorpo monoclonal com alta afinidade de ligagdo ao
Receptor do Fator de Crescimento Epidermal Humano 2 (HER2). A hiperexpressao
do HER 2 esta presente em cerca de 20-25% das neoplasias de mama e estd associada
a crescimento agressivo e pior progndstico (36). O uso de trastuzumabe em pacientes
portadoras de cancer de mama com hiperexpressio do HER2 ¢ de fundamental
importancia, tanto na fase precoce quanto avancada da doenca. Alguns estudos
demonstraram que a associagdo desta droga aos esquemas quimioterdpicos usuais
correlacionaram-se a melhora da sobrevida em mulheres portadores de cancer de
mama HER2 positivo em cerca de 33%, além de reduzir o risco de recorréncia da
doenca em torno de 50% (37-39). Entretanto, sua utilizagdo esta associada a aumento
do risco de cardiotoxicidade, manifestando-se usualmente com declinio assintomatico

da FEVE e menos comumente, com IC clinicamente manifesta (7,8).

A incidéncia de cardiotoxicidade relacionada ao trastuzumabe varia de acordo
com alguns fatores de risco, sendo os principais: idade maior de 50 anos, doenca
cardiaca subjacente, HAS, diabetes, uso prévio de antraciclinas ou uso concomitante
com outros agentes quimioterapicos, especialmente entre pacientes com sobrepeso ou
obesos. Por outro lado, terapia radioterapica adjuvante associada ao trastuzumabe ndo

parece aumentar o risco de toxicidade cardiaca (10).
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Um estudo clinico avaliando terapias combinadas de trastuzumabe e
antraciclinas para tratamento de pacientes com cancer de mama demonstrou um
aumento da toxicidade cardiaca de cerca de 8% com o uso de antraciclinas e
ciclofosfamida para aproximadamente 27% quando o trastuzumabe era adicionado ao
esquema quimioterdpico. Da mesma forma, a incidéncia de IC classe funcional New
York Heart Association (NYHA) III/IV eleva-se de 3% para 16% quando ha

associacdo destas drogas (7).

Com base nestes dados, um estudo clinico subsequente em mulheres com
cancer de mama ndo metastatico utilizaram esses agentes de forma sequencial, com
intervalo entre a administracdo de antraciclinas e trastuzumabe, acessando a FEVE

entre as doses, demonstrando menores indices de disfungao cardiaca (39).

Em 2012, uma metanalise envolvendo quase 12 mil pacientes com cancer de
mama HER2 positivo, demonstrou que os pacientes tratados com trastuzumabe
apresentavam um risco maior para desenvolvimento de IC severa em relagdo aos que
ndo utilizavam a droga (2,5% versus 0,4%, RR 5,11; IC 90% 3,00-8,72; p<0,00001),

bem como uma redu¢do da FEVE (RR 1,83; IC 90% 1,36-2,47; p=0,0008 (40).

Apesar dos esfor¢os para minimizar o risco de cardiotoxicidade secundaria ao
trastuzumabe, como a redugdo de doses de antraciclinas, o sequenciamento de drogas
€ a monitorizacdo rigorosa da fun¢do ventricular esquerda, terem reduzido sua

incidéncia nos estudos atuais, esta condi¢ao ainda ¢ considerada preocupante.

Ap6s a introducdo do trastuzumabe, outros agentes com ligacdo ao HER2
foram desenvolvidos, como o lapatiib, o ado-trastuzumabe emtansine (T-DMI1) e o
pertuzumab, porém, devido a limitagdo dos dados disponiveis, ndo serdo foco deste

trabalho.
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3.3. Manifestacoes clinicas

Os efeitos adversos cardiacos relacionados aos quimioterapicos variam desde
alteracdes leves e transitorias nos parametros fisioldgicos ou eletrocardiograficos
durante ou imediatamente apds o tratamento, até efeitos mais graves, resultando em
disfuncdo cardiaca irreversivel e/ou IC (6). Apesar da IC ser a manifestagdo mais
frequente e temida de toxicidade cardiaca secunddria a agentes anti-neoplasicos, esta
pode manifestar-se através de diversas sindromes clinicas, sendo as principais: DAC,
doencas valvares, arritmias, especialmente as induzidas por drogas com efeito sobre o
intervalo QT, HAS, doenga tromboembolica, doenca vascular periférica, acidente
vascular encefalico (AVE), hipertensdo pulmonar, complicacdes pericardicas, entre
outras (3,11). Essas diferentes manifestacdes de cardiotoxicidade variam conforme as
classes de drogas, podendo ocorrer de forma precoce no decorrer do tratamento

oncologico ou de forma tardia, surgindo anos apds o término do tratamento (3).

A disfungdo miocérdica e a IC sdo as complicagdes cardiovasculares com
maior potencial de aumento de morbimortalidade, sendo o foco deste trabalho.
Embora muitos quimioterdpicos possam cursar com cardiotoxicidade, as antraciclinas
e os agentes com ligagdo com alta afinidade ao HER2, como o trastuzumabe, sdo as
drogas mais frequentemente associadas a disfuncdo miocérdica, sendo responsaveis
por até 48% de incidéncia para as antraciclinas com doses cumulativas > 700 mg/m? e

de mais de 20% para o trastuzumabe. (8,11,20).

3.3.1. Antraciclinas

A cardiomiopatia por antraciclinas foi classificada em aguda, progressiva

cronica de inicio precoce e progressiva cronica de inicio tardio.

25



Toxicidade aguda ¢ rara, porém grave, afetando predominantemente criancas.
Ocorre em menos de 1% dos pacientes, durante ou imediatamente apds a infusdo de
antraciclinas, sem relacdo com a dose, manifestando-se como alteracdes
eletrocardiograficas, arritmias ventriculares e supraventriculares, bloqueios
atrioventriculares, sindrome coronariana aguda, sindrome pericardite-miocardite e
disfuncdo ventricular com IC, geralmente reversiveis com a descontinuacdo da
terapia. Apesar da forma aguda ser potencialmente reversivel, sugere-se que o
tratamento com antraciclinas inicia um processo de injuria progressiva que vai desde a
exposicao até meses ou anos apos o tratamento. Foi demonstrado aumento precoce
nos niveis de troponina em cerca de 30% dos pacientes tratados com antraciclinas,

relacionando-se com a subsequente reducao da FEVE (35).

As formas cronicas manifestam-se tipicamente com cardiomiopatia dilatada,
podendo ser sintomatica (com sintomas de dispnéia, ortopnéia, fadiga e edema) ou
ndo (reducdo assintomatica da FEVE), sendo geralmente progressiva e dose
dependente. A forma de inicio precoce ocorre em cerca de 1,6-2,1% dos casos durante
a terapia ou dentro do primeiro ano de tratamento; enquanto a de inicio tardio ocorre
apos um ano de tratamento, manifestando-se em cerca de 1,6-5% dos pacientes (5,6).
A cardiotoxicidade de inicio tardio pode manifestar-se muitos anos apds o término da
quimioterapia, sendo geralmente a manifestagdo mais frequente em criangas (6).
Dados do Childhood Cancer Survivor Study demonstraram que cerca de 73% dos
pacientes sobreviventes de cancer na infancia ird desenvolver ao menos uma condicao
clinica cronica. Destes, 42% apresentardo alguma manifestacdo severa,
disfuncionante, ameagadora a vida ou morrerdo em decorréncia de alguma condi¢do

cronica (23).
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3.3.2. Trastuzumabe

A cardiotoxicidade relacionada ao trastuzumabe usualmente manifesta-se
como declinio assintomatico da FEVE e menos frequentemente com IC clinicamente

manifesta.

Ao contrario da cardiotoxicidade relacionada as antraciclinas, geralmente
manifesta-se durante o tratamento, ndo parece ter relacdo com dose cumulativa, ¢
usualmente reversivel com a descontinuag¢do deste e seu uso pode ser reconsiderado
apos recuperagdo da fungdo cardiaca. Além disso exemplares de biopsia cardiaca pos-
exposicao ao trastuzumabe ndo demonstram tanta destrui¢do miocitaria, caracteristica

da exposic¢do as antraciclinas (9,10).

3.4. Mecanismo de acio

Estas drogas apresentam diversos mecanismos de ac¢do, sendo responsaveis por
diferentes tipos de comprometimento cardiaco secunddrio, assim classificados:
cardiotoxicidade tipo I, caracteristica das antraciclinas e resultante da destrui¢do de
cardiomidcitos, sendo, portanto, potencialmente irreversivel e manifestando-se
classicamente como IC sintomatica e cardiotoxicidade tipo II, padrao caracteristico da
cardiotoxicidade secundaria ao trastuzumabe, estando mais associada a perda da
contratilidade (presumivelmente alguma forma de atordoamento ou hibernagdo
miocérdica), com elevado potencial de recuperacdo da funcdo ventricular (4,8).
Entretanto, apesar da caracterizacdo cldssica destes dois mecanismos distintos, esta
classificacdo apresenta controvérsias. Demonstrou-se que o uso de medicacdes
cardioprotetoras ap6s o diagnostico de cardiotoxicidade tipo I secundaria as

antraciclinas foi associada a recuperagdo ao menos parcial da funcao cardiaca em 82%
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dos pacientes avaliados prospectivamente (32), enquanto uma proporc¢ao de pacientes

tratados com trastuzumabe mantem FEVE reduzida apds anos de seguimento (41-43).

3.4.1. Antraciclinas

O mecanismo de toxicidade decorrente da administragdo de antraciclinas nao ¢
totalmente conhecido, sendo provavelmente de etiologia multifatorial. Postula-se que
injuria miocardica mediada por radicais livres, morte celular por sobrecarga de célcio,
alteracdo na funcdo adrenérgica e inibicdo da sintese protéica sdo alguns dos
mecanismos envolvidos. Destes, acredita-se que o principal seja o aumento do
estresse oxidativo pela produ¢do de radicais livres pela doxorubicina, levando a
peroxidagdo lipidica das membranas com consequente vacuolizagdo e dano
irreversivel com substituicdo miocitaria por tecido fibrético. Além disso, a sintese de
DNA, RNA e de proteinas encontra-se comprometida, levando a um balango negativo
das proteinas sarcoméricas. Outro fator associado ao risco de desenvolvimento de
cardiotoxicidade ¢ o desequilibrio na regulacdo dindmica da funcdo cardiaca com
alteracdes na atividade adrenérgica, na adenilato ciclase e na homeostasia do calcio.
Adicionalmente, alguns dados clinicos e experimentais sugerem que cada exposicao
as antraciclinas, induz morte celular cardiaca, demonstrado através da eclevacao de
troponinas, provavelmente por apoptose e necrose, levando a remodelamento cardiaco

(6,44,45)

3.4.2. Trastuzumabe

A fisiopatologia da disfuncdo cardiaca secundaria aos agentes com alta
afinidade de ligacdo ao HER2 ndo ¢ totalmente conhecida mas acredita-se que a
cardiotoxicidade seja decorrente do bloqueio desses receptores. Em modelos animais,

o HER2 ¢ importante para o desenvolvimento cardiaco embriondrio e sobrevida
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miocitaria, bem como prote¢do contra potenciais toxinas cardiacas. Além disso, a
supressao do gene HER2 em camundongos resulta em cardiomiopatia dilatada, além
de aumento de susceptibilidade ao dano relacionado as antraciclinas. Sugere-se haver
mudancas estruturais e funcionais nas proteinas contrateis e na mitocondria, porém
raramente levando a morte celular, o que justifica o potencial para reversibilidade

desta condigao (12).

3.5. Diagnoéstico de Cardiotoxicidade

O diagnostico de cardiotoxicidade ainda ¢ um desafio, pois ndo existem até o
momento, métodos capazes de demonstrar dano miocardico precoce, além do fato de

a disfung¢do cardiaca poder ocorrer apds muitos anos do tratamento quimioterapico.

De acordo com recente diretriz da American Society of Clinical Oncology
(ASCO) sobre prevengdo e monitoramento de disfun¢do cardiaca em pacientes
oncoldgicos, os pacientes com maior risco de desenvolvimento de disfungdo cardiaca
sdo os que fazem uso de elevadas doses de antraciclinas, elevadas doses de
radioterapia mediastinal, baixas doses de antraciclinas em combina¢do com baixas
doses de radioterapia mediastinal, baixas doses de antraciclinas seguidos por
tratamento com trastuzumabe e baixas doses de antraciclinas ou trastuzumabe em
pacientes com idade maior de 60 anos, comprometimento da fungdo cardiaca ou dois
ou mais fatores de risco cardiovascular (HAS, diabetes, dislipidemia, tabagismo ou

obesidade) (13).

A maioria das diretrizes atuais para avaliagdo do seguimento cardio-
oncologico destes pacientes com vistas a detecgdo precoce de cardiotoxicidade,
recomendam acompanhamento clinico seriada em associacdo a avaliagdo da FEVE

através de exames de imagem cardiaca (11-13). Historia clinica e exame fisico,
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embora apresentem elevado grau de recomendacdo em pacientes sob tratamento com

drogas cardiotoxicas, ndo sdo capazes de detectar lesdes cardiacas iniciais (12).

O ecocardiograma com avaliagdo da func¢do ventricular, através da medida da
FEVE, ¢ o método de imagem mais utilizado para avaliacdo de cardiotoxicidade,
devido a sua ampla disponibilidade e seguranca. Entretanto, apesar deste método ter a
vantagem de dispor de outros pardmetros ecocardiograficos além da FEVE, como a
funcdo diastolica e medidas do doppler tissular, além da capacidade de avaliar
valvulas cardiacas e pericardio, este método apresenta algumas limitacdes na
avaliagdo precoce de cardiotoxicidade. Além do declinio da FEVE ser uma
manifestagdo relativamente tardia do dano miocardico (15,20,46), este método ¢
dependente da janela actstica do paciente e da experiéncia do operador, apresentando
grande variabilidade inter e intraexaminador. Em alguns centros, aceita-se niveis de
variabilidade superiores a 10% da FEVE, valor este utilizado como limite para
estabelecer o diagnoéstico de cardiotoxicidade (14,20). Recomenda-se que aferi¢des
seriadas da FEVE sejam realizadas pelo mesmo operador no mesmo equipamento
para reducdo desta variabilidade (11). Idealmente deve ser preferido o ecocardiograma
3D em detrimento do 2D, complementado com SLG, em centros com disponibilidade
do método (4,14). O SLG, um método ecocardiografico relativamente novo, tem
demonstrado ser capaz de predizer com maior precisdo em relacdo a medida da
FEVE, o desenvolvimento de cardiotoxicidade (47-49). Uma metanalise publicada em
2014 demonstrou que alteragdes nos indices de deformacdo miocéardica ocorreram
antes das alteracdes da FEVE e em doses de antraciclinas menores do que as que se
sugeriam ser cardiotdxicas (14). A evidéncia de uma reducdo percentual relativa de
15% em relagdo a linha de base do SLG, mostrou ser um marcador de disfungdo
subclinica precoce do VE (11). Um estudo brasileiro publicado em 2018, com 49

mulheres portadoras de cancer de mama demonstrou que uma reducdo de 14% do
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strain (valor absoluto de -16,6) conseguiu identificar precocemente pacientes com
risco de cardiotoxicidade associada a antraciclinas e/ou trastuzumab (50). No entanto,
embora estes métodos sejam preferiveis, sua disponibilidade ndo € universal e seu uso

ainda ndo ¢ padronizado.

Em caso de ecocardiograma inconclusivo ou inconsistente, pode-se optar pela
avaliacdo da funcdo ventricular por ressonancia magnética, padrdo-ouro para
avaliacdo de volumes ventriculares, FEVE e avaliagdo de outras condi¢des cardiacas.
A ressonancia magnética cardiaca também pode detectar fibrose intersticial difusa e
alteracdes na funcdo regional miocéardica, apesar do seu alto custo e baixa

disponibilidade em alguns centros (4,11).

A ventriculografia radioisotopica, historicamente, foi o pilar para avaliagdo de
cardiotoxicidade, sendo conhecida desde a década de 1970. Ja foi considerada o
melhor método ndo invasivo para identificagdo de disfun¢do ventricular subclinica em
pacientes adultos, com maior sensibilidade e especificidade e menor variabilidade
intra e interobservador em relagdo ao ecocardiograma 2D (51). Entretanto, devido a
sua menor disponibidade e ao fato de envolver radiacdo, sua realizagdo de forma
rotineira e seriada apresenta limitagdes, sendo atualmente método alternativo para
avaliagdo da funcdo ventricular esquerda em casos de dados inconclusivos do

ecocardiograma e ressonancia indisponivel.

Avaliagdes seriadas da FEVE por ecocardiograma, ressonancia cardiaca ou por
ventriculografia radioisotopica permanecem o padrdo-ouro para diagndstico ndo
invasivo de lesdo estrutural cardiaca secundaria ao tratamento oncologico (12-14).
Entretanto, a queda da FEVE ¢ muitas vezes uma manifestacdo tardia de dano
miocérdico, sendo dificil a deteccdo precoce de injiria miocardica subclinica através

destes métodos (4). Com isto, nas ultimas décadas, métodos ndo invasivos para

31



detec¢do precoce de cardiotoxicidade vem sendo estudados, com alguns resultados

promissores.

A avaliagdo com biomarcadores cardiacos vem sendo um desafio devido ao
seu mecanismo desconhecido de liberagdo apos a quimioterapia, bem como a falta de
dados a longo prazo confirmando o seu valor preditivo. Troponinas cardiacas (Tnl ou
TnT), peptideo natriurético tipo B (BNP), N-terminal pro-BNP (NT-proBNP) e
mieloperoxidades (MPO) s3o alguns dos biomarcadores cardiacos usados para
deteccdo de toxicidade cardiaca. Troponinas s3o biomarcadores sensiveis e
especificos para deteccdo de injuria miocdrdica. Embora seu uso mais documentado
seja para avaliacdo de mionecrose no contexto de isquemia miocérdica, as troponinas
cardiacas também podem encontrar-se elevadas em algumas condi¢des agudas e
crdnicas, incluindo na IC. Um aumento dos niveis de troponina I em pacientes em uso
de quimioterapia provou ser uma medida util para deteccdo de cardiotoxicidade,
correlacionando-se positivamente com a taxa de eventos cardiacos. Sua elevagdo
geralmente ocorre antes da reducdo da FEVE, sendo capaz de selecionar os pacientes
de alto risco que poderiam beneficiar-se de tratamento preventivo com inibidores da
enzima conversora de angiotensina (iIECA) e betabloqueadores (4). Em pacientes
tratados com trastuzumabe, um aumento de troponinas I ajuda a identificar os
pacientes de risco para desenvolvimento de cardiotoxicidade e menor chance de
recuperagdo da FEVE (43). Entretanto, ndo existe at¢é o momento um valor de
referéncia seguro para definir cardiotoxicidade (35). Outros biomarcadores séricos,
como o BNP e o NT-proBNP podem ser uteis no diagndstico de IC ou disfunc¢do
ventricular esquerda assintomadtica, porém sdo inespecificos, podendo encontrar-se
alterados em outras condigdes clinicas. Um estudo utilizando 8 diferentes
biomarcadores antes e durante o tratamento com doxorubicina e trastuzumabe em 78

pacientes com cancer de mama, demonstrou que o risco de cardiotoxicidade
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relacionou-se melhor com a elevagdo de troponina I e MPO. A combinagdo dos dois
marcadores demonstrou informagdes adicionais sobre o risco de cardiotoxicidade
porém antes da aplicagdo pratica destes métodos, ¢ necessdria sua validacdo
independente (52). Até o momento, ndo existe um biomarcador especifico para
predicdo de risco cardiovascular durante ou apo6s tratamento para cancer, tampouco
foram estabelecidos valores de referéncia ou definicdo de tempo ideal de afericdo e

monitoramento destes marcadores no cendrio da cardio-oncologia (4,53).

Bidpsia endomiocardica ¢ um método altamente sensivel e especifico para
deteccdo de miocardiopatia induzida por antraciclinas, através da graduacdo das
alteracdes morfologicas pelo sistema Billingham (54). Apesar deste método ser capaz
de detectar alteragdes com doses cumulativas de 200 mg/m?, por ser um método

invasivo, caro e pouco disponivel, ndo ¢ realizado de forma rotineira.

Cabe ressaltar que, até o momento, ndo existem exames laboratoriais ou de
imagem especificos capazes de identificar os pacientes que irdo desenvolver
cardiotoxicidade, bem como exames que identifiquem esta condi¢do precocemente.
Selecionar os pacientes de maior risco e detec¢do precoce da cardiotoxicidade gera a
possibilidade de rapida intervengdo com reducdo da progressdao da IC e subsequente
melhora na qualidade de vida e desfechos clinicos. Em teoria, técnicas capazes de
avaliar o processo fisiopatologico a nivel tissular apresentariam maior capacidade
para detecgdo precoce de algumas alteragdes, aumentando assim a capacidade de

predicdo do declinio funcional cardiaco e prevencao de miocardiopatia (15).

4. SISTEMA NERVOSO AUTONOMO

O sistema nervoso simpatico ¢ de fundamental importancia na fisiopatologia

cardiaca, sendo responsavel pela adaptacdo da performance cardiaca a condigdes
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externas de necessidade de aumento da demanda metabolica, com aumento da
frequéncia cardiaca e pressdo arterial sistémica, através da melhora da contratilidade e
relaxamento ventriculares (55). Este mecanismo de compensa¢do neuro-humoral ¢
importante na patogénese da IC, subestimando o dano miocérdico inicial, a0 mesmo
tempo que leva a aumento do estresse miocardico, fibrose e progressdo da doenga,

resultando em pior prognostico nas formas avancadas da IC (15, 16).

O sistema nervoso central avalia a pressdo arterial e fluxo sanguineo por
meio de receptores localizados no ventriculo esquerdo, seio carotideo, arco adrtico e
tronco cerebral, que sdo conectados por neurdnios aferentes. Através desses dados, o
sistema nervoso autdbnomo controla a freqiiéncia cardiaca, a velocidade e o padrao de
contracdo ventricular por meio de neurdnios eferentes. A regulacdo nervosa
autondmica também ¢ determinada por fatores hormonais circulantes, como
catecolamina, angiotensina II, vasopressina, peptideo natriurético arterial, BNP e
endotelina-1. Nos estagios iniciais da IC, estas ativagdes neuronais agem
compensando a disfuncdo miocardica e mantendo o débito cardiaco, entretanto, a
longo prazo, estdo associadas a aumento da demanda energética pelo miocardio,
aumento da pos-carga e a arritmias, perpetuando-se o ciclo vicioso da IC. As fibras
nervosas simpaticas estdo distribuidas por todo o miocéardio. O neurotransmissor
simpatico, a norepinefrina (NE), ¢ armazenado nas vesiculas terminais, sendo liberado
para a fenda sindptica através de exocitose, pelos canais de célcio, na presenca de um
estimulo. Apenas uma pequena parte da NE na fenda se liga aos adrenorreceptores,
incluindo os adrenorreceptores o e . Os receptores Bl sdo predominantes nos
miodcitos cardiacos. A maior parte da NE ¢ reabsorvida por meio do transportador pré-
sinaptico de captacdo-1. A captacdo-1 desempenha um papel importante na regulagao
da concentracdo de catecolamina, protegendo o coracdo das mudangas rapidas dos

seus niveis plasmaticos. Além deste mecanismo, existe um outro, ndo especifico, a

34



captacdo-2, ndo dependente de energia. Uma pequena fragdo da NE liberada na fenda
extravasa para o espaco vascular, podendo ser mensurada no plasma do seio coronario

(56).

A IC cronica tem como caracteristica a hiperatividade simpatica, com
aumento da liberagdo NE das vesiculas pré-sinapticas, resultando em niveis elevados
desta na fenda sindptica. Inicialmente esta elevagdo de NE leva a estimulacdo dos
adrenorreceptores 3, compensando a funcdo miocardica comprometida, porém, a
longo prazo este excesso de NE circulante leva a um downregulation dos receptores 3
e a um declinio da sensibilidade destes receptores, comprometendo a recaptagdo de
NE pelo transportador de norepinefrina (NET) nos terminais axonais simpaticos,
levando a um aumento de NE na fenda sindptica e consequentemente no plasma

(57,58).

Os radiofarmacos analogos das catecolaminas compartilham o mesmo
mecanismo de captagdo 1 e caracteristicas de armazenamento endogeno similares aos
verdadeiros neurotransmissores, fornecendo informagdes sobre a integridade

funcional do sistema nervoso autonomo (56).

Nas ultimas décadas, a cardiologia nuclear tem utilizado métodos de imagem
para correlacionar a alteragdo da fun¢do ventricular esquerda com a desregulacio
simpatica, comprovando a associa¢do de IC com hiperatividade adrenérgica. Entre os
métodos disponiveis, as imagens de PET-CT com !'C-hidroxi-efedrina, com sua
elevada resolucdo e natureza quantitativa ¢ considerada padrao-ouro para avaliacdo da
atividade simpatica cardiaca, enquanto os métodos de imagem nuclear convencional,
com sua disponibilidade, robustez e custos relativamente limitados ainda sdo os

métodos mais frequentemente utilizados (55,59). Apesar das vantagens teoricas de
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métodos mais refinados, a cintilografia planar com 2I-MIBG permanece o método

mais validado para este fim (55).
5. 123-MIBG E A CINTILOGRAFIA COM '?}I-MIBG

O '2I-MIBG ¢ um analogo da NE e foi originalmente desenvolvido na década
de 1970 na Universidade de Michigan para avaliacio de tumores adrenais. E o
radiofairmaco mais frequentemente utilizado para avaliacdo da fun¢do adrenérgica
cardiaca, compartilhando dos sistemas de recaptacdo da NE. Diferentemente da NE, o
12]I-MIBG nio ¢ metabolizado na fenda sindptica, tampouco apresenta ligagdo aos
receptores pds-sindpticos, ndo tendo, portanto, efeito simpatomimético (60). Assim,
na vigéncia de um impulso, este '2*I-MIBG ¢ liberado na fenda sinaptica e recaptado
através do mecanismo de captacdo-1. Um aumento cronico da atividade simpdtica
comum em pacientes portadores de IC, leva a um downregulation dos receptores
adrenérgicos, com subsequente redugdo da captagio do '>’I-MIBG. A alteragdo do
sistema adrenérgico usualmente precede as alteragcdes de contratilidade miocardica

além de refletir severidade da doenga (20).

Os protocolos de realizagdo das imagens cardiacas sdo varidveis entre os
diferentes centros. Na maioria dos servigos, inclui a realizagao de imagens planares na
projecdo anterior do térax apds a administracdo endovenosa do radiofdrmaco em
repouso, apos 15-30 minutos (imagens precoces) € apds 4 horas (imagens tardias).
Imagens com SPECT podem ser utilizadas para avaliagdo do padrio de captagdo
miocardica regional. Usualmente ¢ realizado bloqueio da tireoide através da
administracdo de iodeto de potassio para minimizar a radiagdo para o 6rgdo. Os
principais pardmetros utilizados sdo a relagao de captacdo coragdo/ mediastino (RCM)
das imagens precoces e RCM das imagens tardias, bem como a taxa de clareamento

(TC). Os dois primeiros parametros sdo adquiridos através da relacdo de contagens
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aferidas em uma regido de interesse (ROI) desenhada na é4rea cardiaca em comparagdo
com outra no mediastino. A RCM precoce representa a distribuigdo anatomica das
terminagdes nervosas adrenérgicas no miocardio enquanto a RCM tardia age como
uma medida composta que avalia o funcionamento neuronal, captagdo,
armazenamento ¢ liberagdo do '?’I-MIBG. A TC reflete a retengdo neuronal do '?’I-
MIBG e ¢ calculado pela diferenca entre a atividade precoce e tardia do '**I-MIBG
(TC= (RCM precoce — RCM tardia/RCM precoce) x 100%). O principal pardmetro

utilizado ¢ a RCM das imagens tardias, com alguns estudos demonstrando pior

progndstico em pacientes portadores de IC quando RCM abaixo de 1,6 (16).

Diversos estudos com pacientes portadores de IC demonstraram que a
avaliagdo da fungdo simpdtica cardiaca utilizando a cintilografia com '2I-MIBG ¢
capaz de diferenciar os pacientes de maior risco, independente da FEVE, niveis de
BNP e classe funcional pela NYHA. Em 1992, foi reportado pela primeira vez o valor
prognéstico da cintilografia com '*I-MIBG. Uma menor RCM identificou os
pacientes de maior risco, numa populacdo de 90 portadores de miocardiopatia
isquémica ou idiopatica, sendo o melhor preditor de sobrevida quando comparado a
outros métodos, como a FEVE (61). Um dos maiores estudos utilizando este método ¢
o AdreView Myocardial Imaging for Risk Evaluation in Heart Failure (ADMIRE-
HF), publicado em 2010. Neste estudo, um total de 961 pacientes com IC CF NYHA
I/IIT e FEVE < 35%, em uso de terapéutica clinica otimizada, foram avaliados com
cintilografia com 'I-MIBG. Foi demonstrado que durante o seguimento de 2 anos,
237 pacientes (25%) apresentaram eventos (progressdo da classe funcional da IC,
eventos arritmicos graves e morte cardiaca). A taxa de eventos nos pacientes com
RCM > 1,6 foi de 15% em comparacdo com 37% nos com RCM < 1,6,
demonstrando-se que uma RCM deprimida estd associada a pior progndstico,

independente da FEVE (16).
37



A maioria dos dados presentes na literatura com uso da cintilografia com 2°1-
MIBG ¢ no contexto de IC, com alguns resultados promissores. Entretanto, no cenario
de cardiotoxicidade, o nimero de estudos ¢ pequeno, com limitagdes de metodologia
que dificultam a extrapolacdo dos achados (57,62). Um estudo experimental de 1992,
utilizando ratos tratados com doxorubicina, demonstrou que a captacdo miocardica de
I2I_.MIBG encontrava-se reduzida, num grau inversamente proporcional ao aumento
da dose da droga administrada. Essas alteracdes adrenérgicas ocorreram nao sé nos
ratos com dano cardiaco estrutural, avaliado através do grau de degeneracdao vacuolar
das células miocardicas, quanto nos sem ou com pequena lesdo associada, sugerindo
que a cintilografia com '>*I-MIBG poderia ser um método til na detecgdo precoce de
cardiomiopatia induzida por antraciclinas (17). Num seguimento desse estudo
utilizando-se o mesmo modelo, notou-se um declinio mais pronunciado e dose-
dependente da RCM em relagdo a FEVE avaliada por ventriculografia radioisotopica

durante 9 semanas de tratamento com doxorubicina (18).

Estudos iniciais em humanos parecem demonstrar reducdo da captagdo do '2°1-
MIBG antes e apos o declinio da funcdo ventricular esquerda apos tratamento com
antraciclinas, porém os dados ndo sdo uniformes. Da mesma forma, em pacientes com
doses cumulativas elevadas de doxorrubicina, foi observado uma redugao significativa
da captagdo de '2’I-MIBG no miocardio em quase todos os pacientes com queda da
FEVE maior de 10%. Estes estudos sugerem que o monitoramento do dano
adrenérgico miocardico poderia auxiliar no reconhecimento dos pacientes com maior
risco de cardiotoxicidade, os quais beneficiar-se-iam do tratamento. Esses estudos
serdo foco da presente revisdo sistematica e serdo melhor detalhados no seguimento

deste trabalho (19, 60, 63-72).
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Apesar dos resultados promissores de alguns estudos pequenos, os métodos de
imagem para avaliacdo da fun¢do simpdtica cardiaca sdo pouco utilizados nos paises
ocidentais, ndo apresentando até o momento indicac¢des clinicas nos guidelines. Em
alguns paises asidticos, como o Japao, os dados sdo um pouco mais robustos devido a
maior disponibilidade do método. No guideline da sociedade japonesa para uso
clinico da cardiologia nuclear, publicado em 2012, o '2*I-MIBG apresenta classe I de
recomendacdo com nivel de evidéncia B para avaliacdo de severidade e progndstico

de IC (55,73).

O objetivo deste trabalho ¢ avaliar o potencial beneficio da cintilografia com
I2I.MIBG, um método que avalia o sistema nervoso simpatico e ndo a fungdo
ventricular esquerda, na avaliagdo preditiva de cardiotoxicidade por quimioterapicos,
através de revisdo sistematica de estudos clinicos disponiveis na literatura até o

presente momento.
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JUSTIFICATIVA E OBJETIVOS

Diante do significativo aumento da populacdo oncoldgica convivendo com
patologias cardiovasculares secundérias ao tratamento quimioterapico, associado a
limitacdo dos métodos ndo invasivos disponiveis para avaliacdo de cardiotoxicidade
precoce, faz-se necessario o advento de métodos ndo invasivos alternativos com
capacidade de predizer precocemente risco de cardiotoxicidade, evitando a progressao

da disfungao cardiaca ao mesmo tempo que ndo comprometa o tratamento do cancer.

A cintilografia com '*I-MIBG avalia a hiperativagéo do sistema adrenérgico,
um mecanismo compensatorio sabidamente associado a pior progndstico em
portadores de IC. Alguns estudos pequenos tem demonstrado potencial beneficio
deste método na avaliagdo precoce de cardiotoxicidade secunddria a agentes
antineoplasicos, postulando-se que o dano adrenérgico ocorra antes da queda da

FEVE.

O presente estudo tem como objetivo reunir e analisar os dados disponiveis na
literatura até o momento, avaliando-se o potencial beneficio da cintilografia com 2I-
MIBG como método auxiliar e/ou alternativo na avaliagdo da cardiotoxicidade em
pacientes oncologicos submetidos a tratamento quimioterapico, bem como avaliar a

relagdo dos pardmetros da cintilografia com '2*I-MIBG com os métodos de avaliagdo

da FEVE, através de revisao sistematica.
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ABSTRACT

Background. Advances in diagnosis and treatment of cancer has improved
survival, however, at expense of increased cardiotoxic effects of therapy. Diagnosis of
cardiotoxicity is based on left ventricular ejection fraction (LVEF) serial evaluation,
however its decrease seem to occur late in the evolution of cardiotoxicity. '23-
metaiodobenzylguanidine (2’ I-MIBG) cardiac imaging, a method that assesses
cardiac sympathetic innervation, has been proposed to detect early cardiac impairment
secondary to chemotherapy. We conducted a systematic review to evaluate the

performance of '2*I-MIBG in this scenario.

Methods. A systematic search was performed in 5 international databases
using a predefined search strategy comparing '2’I-MIBG parameters with LVEF for
evaluation of cardiotoxicity in cancer patients undergoing or treated with

chemotherapeutic agents.

Results. Twelve studies met inclusion criteria. Due to several designs, studies
were separated in three groups. First, studies evaluating patients with established
cardiotoxicity, in which LVEF was reduced and '»’I-MIBG parameters were
abnormal. Second, studies during or after treatment compared to controls, in
which!Z[-MIBG parameters seem to be significantly different in most studies, even
when LVEF was still normal. Finally, studies analyzing dose-related changes, in
which '2*I-MIBG parameters seem to be more sensitive to dose increment, as decrease

in HMRd occurring even with values of LVEF in the normal range.

Conclusion. Cardiac sympathetic innervation imaging seems to be a promising

tool for evaluating early cardiotoxicity, as 2’ I-MIBG changes occur earlier and more
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consistently than LVEF reduction, being more significant with moderate and high

doses. Further studies are needed to evaluate its prognostic value and clinical role.

Key Words: Cardiotoxicity. Heart Failure. Cardiac MIBG imaging.

Chemotherapeutic agents. Antineoplastic agents. Anthracyclines. Trastuzumab.
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Abbreviations

ACR Aclarubicin

AML Acute myelocytic leukemia
ALL Acute lymphocytic leukemia
ATC Anthracyclines

CHT Chemotherapy

CMR Cardiac Magnetic Resonance
DNR Daunorubicin

DXR Doxorubicin

EPI Epirubicin,

HD Hodgkin disease

HF Heart failure

HMR Heart/mediastinum ratio
HMRe Early heart/mediastinum ratio (15 minutes)
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HMRd Delayed heart/mediastinum ratio (4 hours)

IDA Idarubicin

1231-MIBG Iodine-123-metaiodobenzylguanidine
LVEF Left ventricular ejection fraction

NE Norepinephrine

NHL Non-Hodgkin Lymphoma

NIH National Heart, Lung and Blood Institute
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RNCA Radionuclide angiography

RT Radiotherapy

USA United States of America

WR Washout ratio
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INTRODUCTION

Over the last few decades, early diagnosis and treatment have significantly
improved survival in oncologic patients. However, conventional and new oncologic
drugs frequently have a wide range of cardiac adverse effects, including myocardial
toxicity (1). Heart failure (HF) is the most common manifestation of cardiotoxicity
secondary to chemotherapeutic agents, with an incidence ranging from 0.5 to 28%
depending on the selected agent, dose, combined therapies and several personal risk
factors, not completely elucidated (2-5). Anthracyclines (ATC) and trastuzumab are
the main agents related to cardiac dysfunction and have different mechanisms of

action.

Serial evaluation of left ventricular ejection fraction (LVEF) by
echocardiography, radionuclide angiography (RNCA) or cardiac magnetic resonance
(CMR) are widely used in monitoring cardiac function during chemotherapy (6-8).
However, the sensitivity of these strategies in detecting subclinical myocardial
dysfunction is limited, with decline in LVEF appearing to be a late sign of cardiac
damage. A study published in 1984 comparing LVEF with endomyocardial biopsy
demonstrated poor correlation between changes in biopsy grade and LVEF (9). Due to
invasiveness and little feasibility of serial endomyocardial biopsy for routine
screening of cardiotoxicity, alternative noninvasive techniques are needed to early
detection and prevention of cardiotoxicity, minimizing the degree of irreversible
myocardial damage while not compromising oncological treatment (10). Several
methods have been studied for this purpose, with promising results. Cardiac
biomarkers (11-14) and noninvasive imaging methods, including myocardial strain

imaging by echocardiography (15,16) and nuclear medicine methods (17-21), were
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the main techniques studied, however they are not yet validated for routine assessment

(7).

Chemotherapy-induced cardiomyopathy activates a compensatory response
that increases adrenergic sympathetic activity (22). Cardiac scintigraphy using
radioactive iodine-labelled metaiodobenzylguanidine (!2I-MIBG), a norepinephrine
(NE) analogue, assesses adrenergic function. After '**I-MIBG administration, early
(15 minutes) and delayed (4 hours) images are acquired to determine heart-to-
mediastinal ratio (HMR) and washout ratio (WR). Chronic increase in NE levels in
the synaptic cleft leads to a downregulation of pre-synaptic receptors reducing '2*1-
MIBG cardiac uptake and accelerating WR. Experimental studies performed in rats
revealed abnormal cardiac adrenergic activity after doxorubicin (DXR)
administration, demonstrating that '?*I-MIBG accumulation in the heart showed
greater and more linear dose-dependent decrease than LVEF (23,24). These changes
seemed to be due to destruction of adrenergic neurons by DXR, as evidenced by

pathological findings and seems to occur before reduction in LVEF. So, observational

studies were also performed in this scenario, being the focus of this paper.

In this setting, we conducted a systematic review to study the performance of
cardiac imaging using '2’I-MIBG for assessment of myocardial adrenergic innervation

in early detection of chemotherapy induced cardiotoxicity.

METHODS

The protocol of the present study was registered in the PROSPERO database

as CRD42020137060. This systematic review was performed according to the
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“Preferred Reporting Items for Systematic Reviews and Meta-Analyses” (PRISMA)

statement (25).

Search Strategy

A comprehensive literature search of MEDLINE (via PubMed), Embase,
Cochrane CENTRAL, Web of Science and Lilacs databases was conducted to find
relevant retrospective or prospective published studies evaluating the use of !'2’I-
MIBG cardiac imaging in cancer patients receiving antineoplastic agents, to detect
cardiotoxicity in comparison to LVEF. The search algorithm used was based on a
combination of these terms: (a) Antineoplastic agents OR Anthracyclines OR
Trastuzumab AND (b) !2I-MIBG AND (c) Cardiotoxicity. The complete search data
in available in appendix 1. No beginning date limit was used. The search was updated
until 23 July 2019. To amplify our search, references of the retrieved articles were

also screened for additional studies.

Study Selection

Two authors (T.R.A and G.D.C) independently assessed articles for possible
inclusion in the study. In case of discordance between reviewers, a third reviewer

(B.T.S) arbitrated.

The process of study selection was conducted in two phases. First, references
retrieved from the literature search were assessed by title and abstract. Then,
potentially relevant references were assessed in full text. We used EndNote (version
17.0.0.7072) to remove duplicates. Some duplicates that could not be found with

EndNote, were excluded manually.
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Elegibity criteria

Inclusion criteria were met if an article reported (1) oncological patients
ongoing treatment or treated with chemotherapeutic agents; (2) who have undergone
1251.MIBG cardiac imaging, assessing HMR and/or WR as parameters; (3) compared
to LVEF measured by echocardiogram, RNCA or CMR. We included articles in

English, Spanish and Portuguese.

Due to the sparse amount of literature on cardiac '>*I-MIBG imaging in
chemotherapeutic-related cardiomyopathy, we included any type of observational
studies and did not exclude studies with low patient number. Review articles and pre-

clinical studies were excluded.

Data extraction and description of included studies

Data from each potential eligible study were collected by the first author and
independently checked by the second author, concerning to the basic aspects of the
study (first author, publication year, country of origin, study design), patient
characteristics (number of patients evaluated, sex ratio, mean age, type of cancer, type
and doses of chemotherapy, associated mediastinal radiotherapy), '2I-MIBG aspects
(parameters analyzed, time of '2[-MIBG realization) and comparator method used to
evaluate LVEF and its realization time. For each study we assessed the values of '?’I-
MIBG parameters (according with chemotherapy doses or not) in comparison to

LVEF.

Included studies are described narratively. The available data did not allow the

conduction of meta-analysis.
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Quality Assessment

As this systematic review included different study designs, we used distinctive
quality assessment tools to appraise the included studies, all from the NHLBI
(National Heart, Lung and Blood Institute): Quality Assessment Tool for case-series
studies, Quality Assessment Tool for before-after (pre-post) studies and Quality
Assessment Tool for observational cohort and cross-sectional studies. These
checklists vary from each other, with several questions regarding the specific

characteristics from each study design.

RESULTS

Literature Search

We identified 1599 articles for title and abstract analysis, based on a
predefined search strategy conducted in the different databases (see search strategy,
appendix 1). Were excluded 240 duplicated studies and 1333 studies that did not meet
inclusion criteria. Of the 26 articles selected for complete analysis (appendix 2), 14
were excluded (eight for being in other language, three reviews, editorials or
dissertations, one other population and two non '2I-MIBG method) and 12 were
included in the qualitative evaluation. Figure 1 shows the flowchart of study selection

process.

Characteristics of included studies and population

The year of publication of included studies ranged from 1992 until 2018.
They were performed in Europe (n=9), Brazil (n=2) and Japan (n=1). The selected

articles included 400 patients, mostly women (n = 253; 63.3%). Some studies
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evaluated age by mean and others by median. The average age was low in most

studies, with few elderly patients. The highest median age reported was 62 years (26).

Studies included several types of malignancies, especially breast cancer (n =
131 / 37.4%), hematological neoplasms (n = 108 / 30.9%), bone tumors (n = 41 /
11.7%), soft tissue tumors (n = 29, 8.2%), solid tumors (n = 39, 11.1%) and multiple
myeloma (n = 2; 0.6%). Among these patients, 20 did not received any antineoplastic
treatment and were included as controls (27,28) and six have received RT alone (28).
Also, two studies included 50 healthy subjects as controls (20,29). All studies
analyzed ATC use and, in two studies in combination with trastuzumab (30,31). Four
studies excluded patients who had used associated mediastinal radiotherapy (RT), and
three did not inform this data. Among the other five studies, 48 patients received this

treatment modality.

The main parameters of '2’I-MIBG evaluated were early HMR (HMRe),
delayed HMR (HMRd) and WR, although not all studies evaluated these three
measures. LVEF was assessed by nuclear methods (in eight studies), followed by

echocardiography (in three studies) and CMR (in one study).

Baseline characteristics of the 12 eligible studies are summarized in Table 1.

Quality assessment of included studies

The complete quality assessment of included studies is presented in
Appendix 3. The included case series clearly reported the study objectives, the
population and the outcome measurements. They all also included comparable
subjects and followed them for an adequate period. Only two (40%) studies included

cases consecutively (30,31) and, among the two that conducted statistical analysis
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(31,32), both presented an adequate description of the methods used. One study (20%)

did not report results clearly (32).

Among the two before-after studies, both clearly reported the study
objectives, the test and outcomes, included representative patients, had an appropriate
sample size, consistently applied the test among study participants, with small loss of
follow-up and used appropriate statistical methods. Only one study stated that the
outcome assessors were blinded to the patient characteristics and clearly determined

the eligibility criteria, even though not all eligible patients were included (26).

In cross-sectional studies, all of them described the research question, the
study population and the outcomes clearly. Only one reported the inclusion rate of
eligible patients, which was considered adequate (29). Two studies described clearly
their eligibility criteria (29, 33). None of the included studies provided a sample size
(or power) calculation or described if outcome assessors were blind to the patient
characteristics. Only two studies assessed the possible effect of confounding variables

in the results (28,29).

123]_MIBG scintigraphy parameters according to study design and setting

The selected studies were different from each other, especially regarding to the
study design and time of measuring '2I-MIBG parameters and LVEF. So, studies
were aggregated according to these similarities. Some studies were also included in

more than one category.

All studies reporting data for patients with cardiotoxicity are grouped in the
section “studies with established cardiotoxicity”. Cross-sectional studies and case

series that evaluated '2’I-MIBG parameters and LVEF once during or after treatment,
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are described in the second group. In this section, four studies compared those
measures with normal controls or non treated patients and one study compared those
parameters in patients treated with ATC alone in comparison to ATC plus
trastuzumab. Finally, the last group of studies analyzed dose-dependent changes in

123]-MIBG parameters.

Studies with established cardiotoxicity

Seven studies were included in this category (Table 2). Six studies involved
patients with cardiotoxicity, either in the beginning of the analysis ((30,34,35) and
Group B of (32)), or developing it during treatment (17,26). Another study analyzed
patients who undergone RT (with or without chemotherapy) compared with non
treated patients. Four from the five patients treated with ATC in this study presented
with LVEF < 50% (28). Of these seven studies, six analyzed ATC use (38 patients)
(17,26,28,32,34,35), most with high doses, and one evaluated trastuzumab
administration (9 patients) (30). This trastuzumab study assessed recovery of
ventricular function after chemotherapy interruption. Only three patients had HMRd <
1.6, which did not shown LVEF recovery, unlike the others, demonstrating a possible
role of '2I-MIBG scintigraphy, especially regarding HMR, in predicting whether

LVEF recovery will occur (30).

The study from Nousiainen showed a decreased HMRd in all patients with
cardiotoxicity, and this decrease was seen even in patients who recovered LVEF (34).
The study from Olmos (1995), which compared groups with and without
cardiotoxicity, demonstrated that the group with cardiotoxicity presented considerably
reduced HMRd and LVEF in comparison to the other group (32). In the study from

Carrio it was seen a drop in HMRA in all except one patient who developed decrease
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in LVEF > 10%. In this study, a clear relation between lower myocardial '**I-MIBG
uptake and more severe functional impairment could not be observed, but moderate to
marked decrease in myocardial '2’I-MIBG uptake at high cumulative doses was
detected in 8 of the 9 patients with decrease >10% in LVEF (17). Also, in the study
from Olmos (1996), the four patients with LVEF below 50% had lower HMRd in

comparison to non treated patients (28).

Two studies from Olmos (1995 and 1992) showed an increased WR in all
patients with LVEF< 50% (32,35). In his study conducted in 1996, the levels of WR
were lower, but still slightly higher than in non treated patients (28). In the study from
Laursen, 9 patients demonstrated a >10% increase in WR and 6 patients developed
cardiotoxicity defined as either minor (LVEF decrease > 10%, + symptoms of HF) or
major (LVEF decrease to below 50% or LVEF decrease > 10% if baseline LVEF was
below 50%, = symptoms of HF). From the 9 patients who increased WR > 10%,
33.3% developed cardiotoxicity, whereas only 14.3% of the 21 patients who did not
significantly increase WR, developed cardiotoxicity. Thus, the LVEF decrease
appeared to be higher in individuals with >10% increase in WR, but with
nonsignificant difference (-8 vs -3%, p=0.3). However, in contrast with the studies
cited above in which LVEF and WR was measured at similar times, in this study,
LVEF was measured in a median of 362 days after first DXR exposure, while WR
with a median of 71 days. Patients with cardiotoxicity tended to have higher

doxorubicin doses (271 vs 221 mg/m?, p=0.09) (26).

In the study from Olmos (1995), which compared patients without
cardiotoxicity (Group A) with patients with established cardiotoxicity (group B),

HMRd and LVEF were significantly reduced (1.78 = 0.16 vs 1.38 £ 0.1, p<0.0001
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and 58.6 £ 5.8% vs 31.1 + 10.3%, p<0.0001, respectively) and WR increased (18.2 £

11.7% vs 45.3 £ 9.5%, p<0.0002) in the cardiotoxicity group (32).

Although there is currently no reference value for '2’I-MIBG parameters for
assessing cardiotoxicity, we can note that in patients with ATC-related cardiotoxicity,
mean values of HMRd were below 1.7 and WR above 25% in all studies. In the study
evaluating trastuzumab, lower values of HMRd were related to a lower chance of

LVEF recovery.

Studies  evaluating '2I-MIBG  parameters once during/after

chemotherapy in different scenarios.

Six studies were included in this group (Table 3). Four cross-sectional studies
analyzed 'PI-MIBG parameters and LVEF in patients previously treated or
undergoing chemotherapy in comparison to normal controls or untreated patients (20,
27-29). One case series study compared breast cancer patients using ATC alone
versus ATC associated with trastuzumab (31) and one cross-sectional study evaluated
several echocardiographic variables, biomarkers and '>’I-MIBG parameters and their
correlation in a population of breast cancer patients one year after completion therapy

(33). The higher cumulative mean dose of ATC was 353 + 162 mg/m? (27) and the

other studies used doses below 300 mg/m?. Only one study assessed trastuzumab use

31).

In four studies comparing patients treated/ongoing treatment with ATC and
controls (patients not treated or normal subjects), LVEF was lower in the treated
group in two (28,29) and similar in the others (20,27). Only one study (28) included
patients with LVEF below 50%; this subgroup was described in the previous section
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“studies with established cardiotoxicity”. Regarding to ' I-MIBG parameters, all
studies, except one (29), showed significant difference in HMRd and WR between the
groups. In control groups, the HMR means varied from 1.91 to 2.26 while in
treatment groups, this variation ranged from 1.54 to 2.24. As there is no reference
value for WR and HMRd in this population context, each study adopted its own value
for the purpose of establishing abnormal results. However, we can note that the
proportion of patients with HMR below 1,7 varied from 36% (27) to 100% (28). In
the only study including children, HMRd values were slightly higher, with 12 patients

(13.5%) in treatment group with HMRd below 2 (29).

One study compared two groups of breast cancer patients, one treated with
ATC and trastuzumab (Group 1) and the other treated with ATC alone (Group 2). WR
seem to be higher in patients with combined therapy (32.68 £ 9.30% vs 24.56 +
7.72%; p = 0,06) and HMRe lower (1.94 = 0.28 vs 2.20 + 0.23; p = 0.03). It was
considered abnormal values of WR > 19% and HMRe < 1.8 according to authors.
HMRe was normal in all patients in Group 2 and < 1.8 in 50% in Group 1 (p = 0.02).
HMRd was not reported. This study demonstrates a higher proportion of patients with
abnormal results of HMRe and WR in the first group, proposing additional

cardiotoxic effect of combined chemotherapy (31).

The last study in this category evaluated '2’I-MIBG parameters and its
correlation with conventional and strain echocardiography and biomarkers in 59
breast cancer survivors 1 year after treatment. It was demonstrated that HMRA is the
most robust !2[-MIBG parameter and correlates with several conventional
echocardiographic parameters, but only global radial strain (GRS) predicts HMRd.
The correlation between LVEF and HMRd or WR was weak (0.034 and -0.28,

respectively) (33).
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Thus, in patients during or after ATC treatment in comparison to controls, it
was observed that '2I-MIBG parameters seem to be significantly different in majority
of studies, even when LVEF is similar. Combined chemotherapy with ATC plus

trastuzumab seems to lead to additional adrenergic damage.

Studies analyzing cumulative dose-related changes in '2*I-MIBG

Four studies evaluated changes in 2I-MIBG parameters and LVEF before
initiating chemotherapy (baseline) and after receiving increasing doses of ATC
(17,26,27,32), as shown in Table 4. Two studies analyzed adrenergic function
impairment during DXR administration (17,26), one evaluated '>*I-MIBG parameters
in patients with and without cardiotoxicity, analyzing dose related changes in '?’I-
MIBG in patients without cardiotoxicity (32) and in the last study reported in the
previous section, a group of 10 cancer patients from the control group started DXR
during the analysis (27). All studies used ATC, especially DXR. There is not a clear
consensus regarding classification of ATC doses; therefore doses were classified by
the authors according to values used by most studies, into low (<200 mg/m?),

moderate (201-400 mg/m?) and high (>400 mg/m?). All studies used RNCA to assess

LVEEF, except one which used CMR (26).

Two studies (17,32) reported measures of LVEF and '**I-MIBG parameters in
three different times (baseline and in two different doses of DXR) and two studies
(26,27) in two times (baseline and after initiating therapy). One study (26) assessed
these parameters in different doses (123 I-MIBG performed after a median of 71 days
and 195 mg/m? of cumulative DXR dose while LVEF assessed by CMR after a
median of 362 days and 286 mg/m? of cumulative dose) while the others evaluated

those measures in the same time. Three studies analyzed '**I-MIBG parameters in
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moderate doses (17,27,32), two in low doses (26,32) and just one at high doses (17).
Regarding LVEF, all studies reported LVEF in moderate doses, one in low (32) and

one in high doses (17).

The lowest baseline HMRd was 1.85 (17) and the highest WR median was

18.6% (26).

In studies reporting '2’I-MIBG parameters after administration of low DXR
doses, it was observed a significant decrease in HMR in one study (32), with 28.6% of
patients presenting a clearly reduction in HMRd, even with no significant LVEF
reduction. The other study did not show this difference (26). Both studies did not
show statistical significance in WR after low doses of DXR, however, 30% of patients

in study from Laursen presented an increase in WR > 10% (26).

At moderate doses, the drop in HMRd was statistical significant in two studies
(27,32) and nonsignificant in one (17). The only study which reported WR did not
show statistical difference in moderate dose (32). LVEF assessed by RNCA showed
no significant decrease in comparison to baseline in three studies (17,27,32). In one
study, it was demonstrated a significant LVEF decrease from baseline to follow-up
(median 64 vs 58%, p=0.03), measured by CMR, appearing to be higher in
individuals with a > 10% increase in WR (26). At moderate doses, from 25% (17) to
37,5% (32) of patients had clearly reduced HMRd in comparison to baseline, without

significant change in LVEF.

Only study from Carrio reported data about high doses. This study showed that

both LVEF and HMRd were reduced at high doses. It was observed a decrease in
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HMRd in 19/36 (52%) patients and 9 patients had a reduction in LVEF > 10%, four of

which presented symptomatic HF.

These findings suggest that increasing doses of DXR are associated with
increasing risk of adrenergic impairment especially with moderate and high doses of
chemotherapy. Also, '2’I-MIBG parameters seems to be more sensitive to dose

increment with decrease in HMRd occurring before significant LVEF drop.

Integrating all studies

In an attempt to gather the data from several scenarios, we grouped the
available information from all studies in Figure 2, which shows that HMRd mean
values seems to be are higher in non treated patients, with a progressive decrease with
increasing ATC doses, achieving lower values in patients with cardiotoxicity. Some
studies demonstrate that HMRd values start declining before changes in LVEF. As
despicted in figure 3, it seems that HMRd values start declining before observed
decrease in LVEF, when systolic function is still normal. After that, both HMRd and
LVEF decline in parallel as toxicity goes on. It was observed that moderate and high
ATC doses are more associated with adrenergic impairment. Thus, we postulate that
the adrenergic damage may precede the fall in LVEF, so '>*I-MIBG scan seems to be

a promising tool for early assessment of cardiotoxicity.

DISCUSSION

The present systematic review assessed the value of '2I-MIBG scintigraphy in
the context of cardiotoxicity or in predicting this risk. In comparison to controls,
patients during or after ATC treatment seem to present lower HMRd, even when

LVEF is unchanged. Also, HMRd, seem to decrease with increasing doses of ATC,
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and this event seems to occur even when LVEF is still preserved. Likewise, in
patients with established cardiotoxicity, HMRd seem to be lower and WR higher than
in patients without cardiac dysfunction. Therefore, this method might be helpful in

early detection of cardiotoxicity, especially when LVEEF is still normal.

The risk of ATC-induced myocardial damage is already well established in a
large number of trials, especially related to cumulative doses, associated radiotherapy
to the thorax, combined chemotherapeutic agents and age at diagnosis (36). Pre-
existing cardiovascular diseases are also an important factor that should be considered
in the role of evaluating oncological treatment. However, there is a lack of diagnostic
methods capable to detect early myocardial dysfunction. Endomyocardial biopsy is
still the gold standard method to the diagnosis of cardiac cell damage, but its
invasiveness and low availability limits its routine use (37). Serial ventricular function
assessment by non invasive cardiac imaging, associated with evaluation of several
biomarkers, are the preconized recommendation in most guidelines to monitor
cardiotoxicity. Therefore, LVEF assessment may underestimate early myocardial
damage. Structural damage to the myocardium seems to be a delayed process, usually
occuring when reversibility is less probable, especially in regarding to ATC
cardiotoxicity. Meanwhile, some new methods have emerged with better accuracy for
this purpose. Global systolic longitudinal myocardial strain (GLS) has been reported
to accurately predict subsequent development of cardiotoxicity (15,16,38,39) with a
relative percentage reduction of GLS of 15% from baseline, according to most
recommendations (7), being a marker of early LV subclinical dysfunction. However,
although these methods are preferable when available, their use are not yet
standardized. Another nuclear methods were proposed in small studies with some
positive results, as indium-111-antimyosine monoclonal antibody, indium-111-

trastuzumab SPECT, iodine-123 beta-methyl-iodophenyl-pentadecanoic acid (1?*1-
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BMIPP) and !'C-hydroxy-ephedrine PET/CT but they will not be focus of this paper
(17-21). Early diagnosis of this condition could minimize irreversible cardiac

dysfunction while not compromising oncological treatment.

In contrast to ischemic and non ischemic cardiomyopathy population, in which
1251-MIBG cardiac scintigraphy has been validated through largest studies, in cancer
patients its use has not been well defined. The ADMIRE-HF study is a prospective

and one of the largest using 12°

I-MIBG, assessing the prognostic value of abnormal
results of HMRd in 961 patients with LVEF < 35% and functional class II/III. This
trial confirmed the prognostic value of '>I-MIBG scintigraphy, independently of
LVEF, with two-year event rate (NYHA functional class progression, potentially life-

threatening arrhythmic event or cardiac death) of 15% for HMRd > 1,6 compared to

37% for HMRd < 1,6 (40). As there are no reference values for this method in cancer
population, the abnormal '>*I-MIBG values were defined by each author. In patients
with decrease in LVEF, all studies demonstrated cardiac adrenergic impairment with
low HMRd values. In patients ongoing chemotherapy but without established
cardiotoxicity, decrease in HMRd seemed to occur even when LVEF was still normal
in some studies. Also, '2’I-MIBG parameters seem to be more sensitive to dose
increment, with decrease in HMRd occurring before the decrease in LVEF. These
findings are in line with previous experimental studies which showed that '’ I-MIBG
myocardium accumulation decrease in a dose-dependent manner, even in the presence
of normal or slightly reduced LVEF, suggesting that adrenergic damage precedes
LVEF decreases, reinforcing the potential role of 2I-MIBG scintigraphy in the

prediction of cardiotoxicity risk (23,24).

Although used for decades in Europe and Japan, '3 I-MIBG was approved in

the United States of America (USA) only in 2013 and its use is still restricted in many
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places, especially due to high cost and low availability (41). Cardiac sympathetic
innervation imaging could be postulated as a useful tool in assessing risk of
cardiotoxicity and its early diagnosis. Meanwhile, for more definitive conclusions,
prospective cohort studies would be necessary, with a greater number of patients and
evaluation of outcomes, thus, allowing the standardization of '2)I-MIBG reference

values to define cardiotoxicity and prevent irreversible damage.

Study limitations

We conducted a systematic review with broad search strategy, structured
process of study selection and quality assessment of included studies. However, there

are some limitations, most related to the characteristics of included studies.

123 1-MIBG cardiac imaging use is restricted in some centers, especially due to
high cost and low availability, so this systematic review included a few number of
studies, with almost half of them (n = 5) carried out before the 2000s. All studies were
observational, with the majority being cross-sectional studies and case series, with a
great heterogeneity among them. Studies had different objectives, study population
(distinct types of cancer, type of chemotherapeutic drug used, presence or absence of
cardiotoxicity), methods used as reference for the evaluation of LVEF (such as
echocardiography, RNCA and CMR) and different '2I-MIBG parameters evaluated
(HMRe, HMRd and/or WR), making it impossible to conduct a meta-analysis. Also,
none of the included studies evaluated outcomes or defined '2I-MIBG sensitivity,
specificity or accuracy. Another limitating issue was the failure of many studies to

adress investigator blinding (inspection bias).
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As limitations to this systematic review, we can cite the language restriction,
excluding studies in Japanese, a country with several trials evaluating '*I-MIBG
scintigraphy in the setting of HF, being the only country recommending this method

in HF guidelines (42).

CONCLUSION

In chemotherapy-related cardiotoxicity all studies demonstrated low HMRd
values, suggesting that cardiac adrenergic impairment seem to play a role in oncologic
population, while in patients ongoing chemotherapy but without established
cardiotoxicity, decrease in HMRd seemed to occur with increasing ATC doses,
achieving lower values with moderate to high doses. This decrease appeared to occur
even when LVEF was still normal in some studies. Unfortunately, the studies

analyzed did not informed data about mortality or cardiac events.

Cardiac sympathetic innervation imaging, through '>*I-MIBG administration,
could be considered as a useful tool in assessing risk of cardiotoxicity and its early
diagnosis. Meanwhile, for more definitive conclusions, prospective cohort studies
would be necessary, with larger number of patients and outcomes evaluation,
analyzing prognostic value of this method and establishing standardized reference
limits of '2’I-MIBG parameters to early assessment of cardiotoxicity in oncological

population.
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Table 1: Characteristics of included studies

Study Population Methods
Author, Study N Male Age Type of cancer Type of Doses of CHT  Associated !'2’I- MIBG LVEF method Time of evaluation:
Year of Design (%) (years) CHT (mg/m?) mediastinal parameters 1231- MIBG and
publication, RT LVEF
Country
Nousiainen, Case 4 patients 1 Mean Lymphoma: 3 ATC: Cumulative None HMRd Gated blood  'ZI-MIBG and RNCA
2001, series with (25%) 44420 DXR or IDA doses to Visual pool scan after performed once in the
Finland cardiotoxicity (range Leukaemia: 1 cardiotoxicity: assessment  red blood cell study
17-65) n=1: DXR 500 labelling with Interval between
n=1: DXR 480 Tc 99m diagnosis of
n=1: DXR 460 cardiotoxicity and
n=1: IDA 66 studies: 2-116 months
Valdes Case 7 patients 1 Mean  Breast: 3 (42.8%) ATC: Cumulative 5 patients WR RNCA with Tc  '2I-MIBG and RNCA
Olmos, series with (14.3%)  44+8 HD: 1 (14.3%) DXR doses to Initial '2I-  99m labelled  performed once (both
1992, cardiotoxicity (range  NHL: 1 (14.3%) cardiotoxicity: MIBG heart human serum in the same week)
The 36-57) Leiomiossarcoma:1 n=4: 600 uptake albumin Interval between
Netherlands n=1: 400 diagnosis of
Liposarcoma: n=2: 300 cardiotoxicity and
studies: 3 weeks to 3
years
Stokkel, Case 9 patients 0 Mean  Breast: 9 (100%) Trastuzumab  Not reported 5 patients HMRd RNCA with Tc  '2I-MIBG performed
2013, The series with 52+11 8 patients WR 99m labelled 4 weeks after a
Netherlands cardiotoxicity (range used ATC human serum decrease in LVEF
36-69) before albumin (RNCA).
trastuzumab LVEF was repeated
>1 month later to
assess LVEF recovery
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Olmos, Case 21 patients, 2 (9.5%) Median Breast: 16 (76.2%) ATC: Not HMRd RNCA with Tc  '2I-MIBG and RNCA
1995, The series divided in: 42 Lymphoma: 2 DXR or EPI informed WR 99m labelled  ip the same week, > 3
Netherlands (range (9.5%) human serum
- Group A 31-56) Soft tissue albumin  \ccks after last CHT.
(n=13), no tumours: 3 (14.3%) Group A: pre-CHT,
cardiotoxicity low and moderate
doses.
- Group B Group B: Group B: after CHT
(n=38), Cumulative discontinuation
cardiotoxicity doses to (n =S5, 4-12 weeks, n
cardiotoxicity — 3, 1-3 years)
DXR 400-600 12y
Carrié Before- 36 patients, 21 Mean 38 Soft-tissue ATC: Moderate dose: None HMR e Gated blood  'ZI-MIBG and RNCA
1995, Spain  after no (58.3%) (range sarcoma: 24 DXR (240-300mg/m?); HMR d pool scan after in the same week in 3
study  cardiotoxicity 16-75) (66.7%) High dose red blood cell times:
Osteosarcoma: 12 (420-600mg/m>) labelling with - Pre-CHT
(33.3%) Tc 99m - Moderate dose
- High dose
Laursen, Before- 37 patients, 22 (59%) Median  Lymphoma: 37 ATC: Low dose: 5 patients HMRe CMR 123]-MIBG: Baseline
2018, after no 62 (100%) DXR (195mg/m? (IQT HMRd and after low DXR
Denmark study  cardiotoxicity, (range 147-204 mg/m?)) WOR dose (median 71 days)
19-86) Moderate dose: CMR: Baseline and
(30 completed (286 mg/m? after 1 year (median
protocol) (IQR 154-300 362 days) and
mg/m?)) moderate dose
Lekakis, Cross 37 patients, 10 (27%) Mean  Breast: 10 (27%) ATC: Group A: None HMRd Gated blood  'ZI-MIBG and RNCA
1995, seccional no 53+14 LNH: 2 (5.4%) DXR Cumulative pool scan after in the same week
Greece study  cardiotoxicity, (range  Sarcoma: 3 (8.1%) mean dose 353 + red blood cell  Group A: 1 measure,
divided: 20-78) MM: 1 (2.7%) 162 mg/m? labelling with according to
- Group A Solid tumours: 21 Group B: 10 Tc 99m cumulative dose
(n=14) in (56.8%) patients started Group B: 1 measure
treatment treatment with (10 patients started
- Gl'Ollp B DXR (mean dose DXR - 23[-MIBG and
(n=23) no 236 + 47 LVEF before and after
treatment mg/m2). CHT
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Bulten, Cross- 59 patients, 0 Median  Breast 59 (100%) ATC Mean 22 (37%) HMRe  Echocardiogram 123 [-MIBG and

2015, The sectional no 52 cumulative dose HMRd Echocardiogram

Netherlands cardiotoxicity, (range 300mg/m?, WR performed once after

lyear after 36-69) (except one, 250 1 year of treatment.
treatment mg/m?)

Dos Santos, Cross- Group 1: Group Group Bone 26 (29.2%) ATC: Group 1: None HMRe Gated blood  'ZI-MIBG and RNCA
2015, seccional (n=89) 1:49 1:Mean Solid tumours 18 DXR Mean HMRd pool scan after performed once,
Brazil survivors (55.1%)  16+7 (20.2%) or DNR cumulative dose WR red blood cell within 1 week of

from (range Hematologic 45 257.6 £117.1 labelling with interval
childhood 5-39) (50.6%) g/m? (60- Tc 99m Median follow up 4,3
cancer, >2 630g/m?) years (2-21.3 years)
years from
ATC, no
cardiotoxicity
Group 2: Group Group
(n=40), 2:26 2: Mean
normal (65%) 23+7
controls (range
3-36)

Takeishi,  Cross- Group 1: Group Group AML: 5 (38,4%) ATC: Group 1: Not HMRe  Echocardiogram  '?’I-MIBG and
1994, seccional (n=13) 1: 8 1: Mean  ALL:1(7,7%) DXR (n=8), Mean cumulative informed HMRd Echocardiogram in
Japan patients (61.5%) 53 Malignant DNR (n=2), dose WR the same day and

treated with (range Lymphoma: 6 ACR (n=1), DXR 261 (96- 4-12 weeks after
ATC 23-71) (46.2%) DNR + ACR 500mg/m?) CHT (mean 5.6
Multiple myeloma: (n=2) DNR 430 (360- weeks)
Group 2: Group  Group 1 (7.7%) 500 mg/m?)
(n=10), 2:6 2: Mean ACR 1260 mg/m?
normal (60%) 45 DNR+ACR
controls (range 430+380 mg/m?
28-66)
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Olmos, Cross 18 patients 1 (5.5%) Median HD: 4 (22%) ATC: Group 1: Group 1: HMRd  RNCA with Tc  '?’I-MIBG and
1996, seccional - Group 1: 47 Breast: 14 (78%) DXR or Mean cumulative 11 (61%) WR 99m labelled RNCA in the same
The (n=11 (range EPI dose human serum week, once for
Netherlands 5RT+ CHT 30-74) DXR 300mg/m? albumin both groups.
6 RT alone And EPI For group 1, 11-
- Group 2: 420mg/m> 228 months after
(n=7), non RT or RT+CHT
treated (median 60
months)
Guimaraes, Case 20 patients 0 Mean  Breast 20 (100%) Group 1:  Doses of ATC not Not HMRe  Echocardiogram  Group 1: '%I-
2014, Brazil series Group 1 57+14 ATC + informed informed HMRd MIBG and
(n=10): after (range Trastuzumab WR echocardiogram
ATC, during 32-80) In group 1, after treatment
trastuzumab Group 2: trastuzumab use with ATC and
(>2 cycles) ATConly ranged from 2-17 during trastuzumab
Group 2 cycles Group 2: '2]-
(n=10): after MIBG and
ATC Echocardiogram
after ATC

* HD: Hodgkin Disease; NHL: Non-Hodgkin Lymphoma; AML: acute myelocytic leukemia; ALL: acute lymphocytic leukemia; CHT: chemotherapy; RT: radiotherapy; ATC: anthracyclines;
DXR: doxorubicin; DNR: daunorubicin, ACR: aclarubicin; EPI: epirubicin, IDA: Idarubicin; LVEF: left ventricular ejection fraction; HMRe: early heart/mediastinum ratio (15 min); HMRd:
delayed heart/mediastinum ratio (4 h); WR: washout ratio; CMR: cardiac magnetic resonance; RNCA: radionuclide angiography, which include gated blood pool scan after red blood cell

labelling with Tc 99m and RNCA with Tc 99m labelled human serum albumin; NA: non applicable.
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Table 2. Studies with established cardiotoxicity

Study, year n Drug Dose LVEF (%) HMRd WR(%)
(mg/m2)
Nousiainen, 4 ATC DXR:480+20 37.8+143 1.28+0.1 NA
2001
(DXRor  (Range: 460-500)
IDA) IDA: 66
Olmos, 1992 7 ATC 485.7+ 146.4 341£12.8 NA 39.1+£16.3
(DXR) (Range: 300-600)
Olmos, 1995 8 ATC DXR 31.1+103  1.38+£0.1 453£95
(Group B) (DXR or (Range: 400-600)
EPI)
Carrio, 9 ATC (Range: 420-600) 49 + 8 1.67+0.14 NA
1995 (patients who (DXR)
developed
cardiotoxicity)
Laursen, 2018 6 ATC 271 Median: 50 Not Not
(patients who (DXR) specified specified
developed
cardiotoxicity)
Olmos, 1996 4 ATC DXR 255+ 63.6 455+1 1.60+0.1 25+73
(patients with (DXR or EPI 380 + 34.6
CHT plus RT EPI)
presenting
with LVEF
<50%)
Stokkel, 2013 9 Trastuzumab NA 447+49 186+0.6 38.8+22.0

Data are expressed as mean + standard deviation, unless otherwise stated
HMR: heart mediastinum ratio; WR: washout ratio; LVEF: left ventricular ejection fraction; ATC: anthracyclines,
DXR: doxorubicin, IDA: Idarubicin; EPI: Epirubicin; CHT: chemotherapy; RT: radiotherapy.
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Table 3. Studies evaluating '2’I-MIBG parameters once during/after
chemotherapy in different scenarios.
Study, Comparison Drug Mean dose LVEF HMRd WR(%)
Year groups, n (mg/m?) (%)
Lekakis, Group A: n=14 ATC 353 £ 162 56+ 11 1.73+0.25 NA
1995 Patients receiving (DXR)
treatment
Group B: n=23 - - 60£6 2.13+0.2 NA
Cancer patients not
treated
NS P <0.001 -
Dos Santos, Group 1: n=89 ATC 257.6 + 60.4+6.5 224403 1032 +13.05
2015 Childhood cancer (DXR/ 1171
survivors > 2 years DNR)
after treatment
Group 2: n=40 - - 64.1+6 2.26+2.34 9.64+11.97
Normal controls
P=0.03 P=0.5 P=0.78
Takeishi, Group 1: n=13 ATC DXR 261 67! 1.6+0.3 27+10
1994 Patients previously (DXR/ DNR 430
treated DNR/ ACR 1260
ACR) DNR+ACR
430+380
Group 2: n=10 - - 67! 2.0+03 2+4
Normal controls
NS P<0.01 P<0.05
Olmos, Group 1: n=11
1996 Patients previously
treated
A: RT + CHT (n=5)
B: RT only (n=6) ATC DXR<300 47.2+3.9 1.54+0.2 28.4+99
(DXR/ EPI) EPI <420
Group 2: n=7 - - 60.1+ 6.3 1.91+0.1 14.57+6.2
Cancer patients not
treated
P=0.0012 P=0.0001 P=0.0067
Bulten, n=59 patients ATC (DXR) Median: 62.6+7 2.72+0.51 21.9+13.1
2015 > 1 year after + 300
completion Docetaxel
treatment +
Cyclophos-
phamide
Guimaries, Group 1: n=10 ATC ATC: NR 1.94+0.283 32.68+93
2014 Patients treated + Mean 9.7
with ATC and TZB cycles of
trastuzumab trastuzumab 7.8 + 42
Group 2: n=10 ATC NR 2.20+0.233 24.56 £7.72
Patients treated
with ATC only
P=0.03 P=0.06

Data expressed as mean * standard deviation, unless otherwise stated
CHT: Chemotherapy, RT: radiotherapy; ATC: anthracycline, DXR: doxorubicin, DNR: daunorubicin; ACR:
aclarubicin; LVEF: left ventricular ejection fraction; HMRe: early heart mediastinum ratio, HMRd: delayed heart
mediastinum ratio; WR: washout ratio; NR: Not reported
! The study from Takeishi did not report LVEF values, which were calculated using systolic and diastolic diameters
described, by Teichholz method using Calculate by OxMD app

2L VEF was not reported separately in groups 1 and 2.

31t was used HMR in early images rather than HMR in delayed images
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Table 4: Studies analyzing cumulative dose-related changes in '2I-MIBG

Study, n Drug Doses Doses LVEF (%) HMRd WR (%)
Year (mg/m2)
Olmos, 13 ATC No dose - 60.1 £6.3 1.91 £0.08 14.8 £6.5
1995 (DXR/ Low dose 150-200 574+49 1.77 £0.11 16.5£10.9
EP) ~ Moderate dose  300-350' 581467  172£018  225%155
High dose - . - -
NS P=0.0056 NS
Carrio, 36 ATC No dose - 61+8 1.85+0.29 -
1995 (DXR) Low dose - - - -
Moderate dose 240-300 50 + 1.80 + 0.20 -
High dose 420-600 52+8 1.76 £ 0.20 -
P<0.052 P<0.052 -
Laursen, 37 ATC No dose - 64 2.9(2.5-3.2) 18.6 (8.9-24.4)
2018* (30 (DXR) Low dose 195 - 3.0(2.5-3.3)  23.4(13.4-31.7)
completed) Moderate dose 286 (154-300) 58 - -
High dose - - -
P=0.03 P=0.68 P=0.09
Lekakis, 10 ATC No dose - 60+ 7 2.24+0.2 -
1995 (patients (DXR) Low dose - - - -
from Moderate dose 236 +47 55+8 1.97+ 0.3 -
control High dose - . - -
group
receive
DXR)
NS P<0.05 -

Data expressed as mean + standard deviation

ATC: anthracyclines; DXR: doxorubicin; EPI: epirubicin; NS: non significant

*Data are expressed as median (interquartile range)

' The values expressed are for doxorubicin. For epirubicin, the doses considered was: 240-300mg/m? for

low doses and 450-500 mg/m? for moderate doses.

2p value presented statistical difference for high doses in relation to no dose levels.
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Figure legends

Figure 1. Flowchart of study inclusion.

Figure 2. Forest plot for mean HMRd values according to different study groups: non

treated, low dose, moderate doses, high ATC doses and established cardiotoxicity.

Figure 3. Mean HMRd and LVEEF values according to different settings and
chemotherapy doses. Blue line represents HMR and red line represents LVEF. HMRd
ranged from 2.39 (low dose treatment) to 1.48 (cardiotoxicity patients) and LVEF from
62.2% (no treatment) to 39.5% (cardiotoxicity patients).
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CONCLUSOES E CONSIDERACOES FINAIS

A presente revisdo sistematica avaliou o potencial beneficio da cintilografia com
I23I_MIBG na detecg¢do precoce de cardiotoxicidade. Observou-se que em pacientes com
cardiotoxicidade estabelecida, os pardmetros de 2I-MIBG encontraram-se alterados,
com RCM < 1,7 na maioria dos estudos com antraciclinas, apesar de ndo ter sido
estabelecido até o momento valores de referéncia deste parametro na populagdo
oncoldgica. Nos estudos que analisaram pacientes sem cardiotoxicidade, tratados ou em
tratamento com quimioterdpicos, em compara¢gdo com individuos ndo tratados,
observou-se que os parimetros 2’ I-MIBG parecem ser significativamente diferentes nos
dois grupos, mesmo quando a FEVE ¢ semelhante. Por fim, demonstrou-se que o
aumento progressivo das doses de antraciclinas, especialmente com doses moderadas a
elevadas, parece estar associado a altera¢do da fun¢do adrenérgica, com queda da RCM,
mesmo quando a fracdo de ejecdo permanece inalterada. Sendo assim, as alteracdes dos
parametros de '’I-MIBG, especialmente a queda da RCM, parecem ocorrer
paralelamente a deterioragdo da FEVE, porém mais precocemente. Esses resultados sdo
consistentes com alguns estudos experimentais que mostraram relacdo dose-dependente
da queda de captagio do '’I-MIBG, mesmo na presenga de FEVE normal ou
ligeiramente reduzida, sugerindo que o dano adrenérgico ocorra antes do dano

funcional.

Desta forma, o presente estudo hipotetiza que a avaliagdo da inervac¢do simpatica
cardiaca através de cintilografia com '2I-MIBG pode ser considerada uma ferramenta
util na predicdo e detecgdo precoce de cardiotoxicidade. Entretanto, devido a
impossibilidade de condugdo de metanalise pela heterogeneidade dos estudos, ndo foi

possivel avaliar a capacidade de predi¢cdo de cardiotoxicidade. Sendo assim, sdo
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necessarios estudos prospectivos, com maior nimero de participantes, com avaliagao de

desfechos e acuracia do método, para validagao deste no cenario da cardio-oncologia.
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Appendix 1. Search strategy (articles included until 23/July/2019)

1. PubMed: 611
#1: "Antineoplastic Agents"[mesh] OR "Antineoplastic Agents" OR “Agents,
Antineoplastic” OR  “Antineoplastic Drugs” OR “Drugs, Antineoplastic” OR
“Antineoplastics” OR  “Chemotherapeutic ~ Anticancer Drug” OR  “Drug,
Chemotherapeutic Anticancer” OR “Antitumor Drugs” OR “Drugs, Antitumor” OR
“Cancer Chemotherapy Agents” OR “Agents, Cancer Chemotherapy” OR
“Chemotherapy Agents, Cancer” OR “Cancer Chemotherapy Drugs” OR
“Chemotherapy Drugs, Cancer” OR “Drugs, Cancer Chemotherapy” OR
“Chemotherapeutic Anticancer Agents” OR “Agents, Chemotherapeutic Anticancer”
OR “Anticancer Agents” OR “Agents, Anticancer” OR “Antitumor Agents” OR
“Agents, Antitumor” OR "Anthracyclines"[Mesh] OR "Anthracyclines" OR
"Doxorubicin"[Mesh] OR "Doxorubicin" OR “Farmiblastina” OR “Ribodoxo” OR
“Rubex” OR “Adriamycin” OR “Adriblastin” OR “Adriblastine” OR “Adriblastina” OR
“Adriablastine” OR “Adriablastin” OR “Adrimedac” OR “DOXO-cell” OR “DOXO
cell” OR “Urokit Doxo-cell” OR “Urokit Doxo cell” OR “Doxolem” OR “Doxorubicin
Hexal” OR “Doxorubicin Hydrochloride” OR “Hydrochloride, Doxorubicin” OR
“Doxorubicin NC” OR “Doxorubicina Ferrer Farm” OR “Doxorubicina Funk” OR
“Doxorubicina Tedec” OR “Doxorubicine Baxter” OR “Doxotec” OR “Myocet” OR
“Onkodox” OR "Trastuzumab"[Mesh] OR "Trastuzumab" OR “ Herceptin
#2:  "3-lodobenzylguanidine"[Mesh] OR  "3-lodobenzylguanidine" OR  “3
Iodobenzylguanidine” OR “MIBG” OR “meta-lodobenzylguanidine” OR “meta
Iodobenzylguanidine” OR “lobenguane” OR “m-lodobenzylguanidine” OR “m
Iodobenzylguanidine” OR “lobenguane (1311)” OR “3-lodobenzylguanidine, 1251
Labeled” OR “125I Labeled 3-Iodobenzylguanidine” OR “3 Iodobenzylguanidine, 125I
Labeled” OR *“(3-Iodo-(131I)benzyl)guanidine” OR *“3-lodobenzylguanidine, 1231
Labeled” OR “123I Labeled 3-Iodobenzylguanidine” OR “3 Iodobenzylguanidine, 1231
Labeled”
#3: "Cardiotoxicity”’[mesh] OR "Cardiotoxicity” OR “Cardiotoxicities” OR “Cardiac
Toxicity” OR “Cardiac Toxicities” OR “Toxicities, Cardiac” OR “Toxicity, Cardiac”
OR "Heart Failure"[mesh] OR "Heart Failure" OR “Cardiac Failure” OR “Heart
Decompensation” OR “Decompensation, Heart” OR “Heart Failure, Right-Sided” OR
“Heart Failure, Right Sided” OR “Right-Sided Heart Failure”
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OR “Right Sided Heart Failure” OR “Myocardial Failure” OR “Congestive Heart
Failure” OR “Heart Failure, Congestive” OR “Heart Failure, Left-Sided” OR “Heart
Failure, Left Sided” OR “Left-Sided Heart Failure” OR “Left Sided Heart Failure” OR
"Cardiomyopathies"[mesh] OR "Cardiomyopathies" OR “Cardiomyopathy” OR
“Myocardial Diseases” OR “Disease, Myocardial” OR “Diseases, Myocardial” OR
“Myocardial Disease” OR “Myocardiopathies” OR “Myocardiopathy” OR
“Cardiomyopathies, Secondary” OR “Cardiomyopathy, Secondary” OR “Secondary
Cardiomyopathies” OR “Secondary Cardiomyopathy” OR “Secondary Myocardial
Diseases” OR “Disease, Secondary Myocardial” OR “Diseases, Secondary Myocardial”
OR “Myocardial Disease, Secondary” OR “Secondary Myocardial Disease” OR
“Myocardial Diseases, Secondary” OR “Cardiomyopathies, Primary” OR
“Cardiomyopathy, Primary” OR “Primary Cardiomyopathies” OR “Primary
Cardiomyopathy” OR “Primary Myocardial Diseases” OR “Myocardial Diseases,
Primary” OR “Disease, Primary Myocardial” OR “Diseases, Primary Myocardial” OR
“Myocardial Disease, Primary” OR “Primary Myocardial Disease” OR “Cardio-
oncology”

#4: #1 AND #2 AND #3

2. Embase: 717
#1: 'antineoplastic agent'/exp OR 'anti cancer drug' OR 'anti neoplastic agent' OR
'anticancer agent' OR 'anticancer drug' OR 'anticancerogen' OR 'anticarcinogen' OR
'anticarcinogenic agents' OR 'antineoplastic agent' OR ‘antineoplastic agents' OR
'antineoplastic agents, combined' OR 'antineoplastic agents, phytogenic' OR
'antineoplastic combined chemotherapy protocols' OR ‘'antineoplastic drug' OR
'antineoplastic peptide’ OR 'antineoplastics'’ OR 'antineoplastics, enzymes' OR
'antineoplastics, miscellaneous' OR ‘antineoplastics, radiopharmaceuticals' OR
'antineoplastics, signal transduction inhibitors' OR 'antitumor agent' OR 'antitumor drug'
OR 'antitumour agent' OR 'antitumour drug' OR 'cancer chemotherapeutic agent' OR
'cancer inhibitor' OR 'carcinostatic drug' OR 'drug, antineoplastic' OR 'tumor inhibitor'
OR 'tumour inhibitor' OR 'cancer chemotherapy'/exp OR 'anticancer chemotherapy' OR
'antineoplastic chemotherapy' OR 'cancer chemotherapy' OR 'carcinochemotherapy' OR
'chemotherapy, cancer' OR 'tumor chemotherapy' OR 'tumour chemotherapy' OR
‘anthracycline'/exp OR 'anthracyclin' OR ‘'anthracycline’ OR 'anthracyclines' OR
'doxorubicin'/exp OR 'l4 hydroxydaunomycin' OR '14 hydroxydaunorubicin' OR
'a.d.mycin' OR 'adriablastin' OR 'adriablastina' OR 'adriablastina r.d.' OR 'adriablastine’'
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OR 'adriacin' OR 'adriamicina’ OR 'adriamicine’ OR 'adriamycin' OR 'adriamycin
hydrochloride' OR 'adriamycin p.f.s." OR 'adriamycin pfs' OR 'adriamycin r.d.f.' OR
'adriamycin rd' OR 'adriamycin rdf' OR 'adriamycina' OR 'adriblastin' OR 'adriblastina’
OR 'adriblastina cs' OR 'adriblastina pfs' OR 'adriblastine' OR 'adrim' OR 'adrimedac'
OR 'adrubicin' OR 'amminac' OR 'caelix' OR 'caelyx' OR 'caelyx/doxil' OR 'carcinocin'
OR 'dexorubicin' OR 'dox sl' OR 'doxil' OR 'doxil (liposomal)' OR 'doxolem' OR 'doxor
lyo' OR 'doxorubicin' OR 'doxorubicin hydrochloride' OR 'doxorubicin meiji' OR
'doxorubicin, liposomal' OR 'doxorubicine' OR 'doxorubin' OR 'evacet' OR
'farmiblastina’ OR 'fi 106' OR 'fil06' OR 'ifadox' OR 'lipodox' OR 'liposomal
doxorubicin' OR 'mcc 465' OR 'mcc465' OR 'myocet' OR 'nsc 123127' OR 'nsc123127'
OR 'pegylated liposomal doxorubicin' OR ‘'polyethylene glycol-coated liposomal
doxorubicin' OR 'rastocin' OR 'resmycin' OR 'rp 25253' OR '1p25253' OR 'rubex' OR
'rubidox' OR 'sarcodoxome' OR 'tlc d 99' OR 'trastuzumab'/exp OR 'abp 980' OR
'abp980' OR 'aryotrust' OR 'bed 022' OR 'bed022' OR 'bx 2318' OR 'bx2318' OR 'ct p06'
OR 'ct p6' OR 'ctp06' OR 'ctp6' OR 'da 3111' OR 'da3111' OR 'dmb 3111' OR 'dmb3111'
OR 'eg 12014' OR 'egl2014' OR 'gb 221' OR 'gb221' OR 'hd 201' OR 'hd201' OR
'herceptin' OR ‘'hermyl 14010' OR 'hermyl14010' OR 'herticad’ OR 'hertraz' OR
'hervelous' OR 'herzuma' OR 'hlx 02' OR 'hIx02' OR 'kanjinti' OR 'myl 14010' OR
'myl14010" OR 'ogivri' OR 'ons 1050' OR 'ons1050" OR 'ontruzant' OR 'pf 05280014
OR 'pf 5280014' OR 'pf05280014' OR 'pf5280014' OR 'r 597" OR 'r597' OR 'rg 597' OR
'rg597"' OR 'sb 3' OR 'sb3' OR 'trasturel' OR 'trastuzumab' OR 'trastuzumab beta' OR
'trastuzumab dkst' OR 'trastuzumab dttb' OR 'trastuzumab pkrb' OR 'trastuzumab-dkst'
OR 'trastuzumab-dttb' OR 'trastuzumab-pkrb' OR 'trazimera' OR 'tx 05' OR 'tx05' OR
'ub 921' OR 'ub921' OR 'vivitra' OR 'zedora' OR 'zrc 3256' OR 'zrc3256'

#2: '(3 iodobenzyl)guanidine 1 131'/exp OR '(3 iodobenzyl)guanidine i 131' OR '131i
mibg' OR '3 iodobenzylguanidine i 131' OR 'mibg i 131' OR '[131i] iobenguane' OR
‘azedra’ OR ‘'iobenguane i 131' OR ‘'iobenguane sulfate i 131' OR 'meta
iodobenzylguanidine i 131' OR 'metaiodobenzylguanidine i 131' OR 'iodine 123'/exp
OR '123 i' OR '123 iodine' OR '123i' OR '1 123' OR 'i123' OR 'iodine 123' OR 'iodine i
123' OR 'radioiodine 123'

#3: 'cardiotoxicity'/exp OR 'cardiac toxicity' OR 'cardio toxicity' OR 'cardiotoxic effect'
OR 'cardiotoxicity’ OR 'cardiotoxicology' OR 'heart toxicity' OR 'toxicity, heart' OR
'heart failure'/exp OR 'backward failure, heart' OR 'cardiac backward failure’ OR
'cardiac decompensation' OR 'cardiac failure' OR 'cardiac incompetence' OR 'cardiac
insufficiency’ OR 'cardiac stand still' OR 'cardial decompensation' OR 'cardial
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insufficiency’ OR 'chronic heart failure' OR 'chronic heart insufficiency' OR
'decompensatio cordis' OR 'decompensation, heart' OR 'heart backward failure' OR
'heart decompensation' OR ‘'heart failure'’ OR ‘heart incompetence’ OR ‘heart
insufficiency’ OR 'insufficientia cardis’ OR 'myocardial failure’ OR 'myocardial
insufficiency' OR 'myocardial disease'/exp OR 'heart muscle disease' OR 'myocardial
disease' OR "'myocardial diseases'

#4: #1 AND #2 AND #3

3. Cochrane CENTRAL: 240 articles

#1: MeSH descriptor: [3-lodobenzylguanidine] explode all trees OR
#2: 123 Iodobenzylguanidine OR

#3: MIBG,

#4: #1 OR #2 OR #3, automatic filter for Trials

4. LILACS: 2 articles
#1: quimioterapia OR antraciclina OR doxorrubicina OR trastuzumab
#2: MIBG
#3: CARDIOTOXICIDADE
#4: #1 AND #2 AND #3

S. Web of Science: 29
#1: "Antineoplastic Agents" OR “Agents, Antineoplastic” OR “Antineoplastic Drugs”
OR “Drugs, Antineoplastic” OR “Antineoplastics” OR “Chemotherapeutic Anticancer
Drug” OR “Drug, Chemotherapeutic Anticancer” OR “Antitumor Drugs” OR “Drugs,
Antitumor” OR “Cancer Chemotherapy Agents” OR “Agents, Cancer Chemotherapy”
OR “Chemotherapy Agents, Cancer” OR “Cancer Chemotherapy Drugs” OR
“Chemotherapy Drugs, Cancer” OR “Drugs, Cancer Chemotherapy” OR
“Chemotherapeutic Anticancer Agents” OR “Agents, Chemotherapeutic Anticancer”
OR “Anticancer Agents” OR “Agents, Anticancer” OR “Antitumor Agents” OR
“Agents, Antitumor” OR "Anthracyclines" OR "Doxorubicin" OR “Farmiblastina” OR
“Ribodoxo” OR “Rubex” OR “Adriamycin” OR “Adriblastin” OR “Adriblastine” OR
“Adriblastina” OR “Adriablastine” OR “Adriablastin” OR “Adrimedac” OR “DOXO-
cell” OR “DOXO cell” OR “Urokit Doxo-cell” OR “Urokit Doxo cell” OR “Doxolem”
OR “Doxorubicin Hexal” OR “Doxorubicin Hydrochloride” OR “Hydrochloride,
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Doxorubicin” OR “Doxorubicin NC” OR “Doxorubicina Ferrer Farm” OR
“Doxorubicina Funk” OR “Doxorubicina Tedec” OR “Doxorubicine Baxter” OR
“Doxotec” OR “Myocet” OR “Onkodox” OR "Trastuzumab" OR “Herceptin”

#2: "3-lodobenzylguanidine" OR “3 lodobenzylguanidine” OR “MIBG” OR “meta-
Iodobenzylguanidine” OR “meta Iodobenzylguanidine” OR “lobenguane” OR “m-
Iodobenzylguanidine” OR “m lodobenzylguanidine” OR “Iobenguane (1311)” OR “3-
Iodobenzylguanidine, 1251 Labeled” OR “125I Labeled 3-lodobenzylguanidine” OR “3
Iodobenzylguanidine, 1251 Labeled” OR “(3-lodo-(131T)benzyl)guanidine” OR “3-
Iodobenzylguanidine, 1231 Labeled” OR “123I Labeled 3-lodobenzylguanidine” OR “3
Iodobenzylguanidine, 1231 Labeled”

#3: "Cardiotoxicity” OR “Cardiotoxicities” OR “Cardiac Toxicity” OR “Cardiac
Toxicities” OR “Toxicities, Cardiac” OR “Toxicity, Cardiac” OR "Heart Failure" OR
“Cardiac Failure” OR “Heart Decompensation” OR “Decompensation, Heart” OR
“Heart Failure, Right-Sided” OR “Heart Failure, Right Sided” OR “Right-Sided Heart
Failure” OR “Right Sided Heart Failure” OR “Myocardial Failure” OR “Congestive
Heart Failure” OR “Heart Failure, Congestive” OR “Heart Failure, Left-Sided” OR
“Heart Failure, Left Sided” OR “Left-Sided Heart Failure” OR “Left Sided Heart
Failure” OR "Cardiomyopathies" OR “Cardiomyopathy” OR “Myocardial Diseases”
OR “Disease, Myocardial” OR “Diseases, Myocardial” OR “Myocardial Disease” OR
“Myocardiopathies” OR “Myocardiopathy” OR “Cardiomyopathies, Secondary” OR
“Cardiomyopathy, Secondary” OR “Secondary Cardiomyopathies” OR ‘“Secondary
Cardiomyopathy” OR “Secondary Myocardial Diseases” OR “Disease, Secondary
Myocardial” OR “Diseases, Secondary Myocardial” OR “Myocardial Disease,
Secondary” OR “Secondary Myocardial Disease” OR “Myocardial Diseases,
Secondary” OR “Cardiomyopathies, Primary” OR “Cardiomyopathy, Primary” OR
“Primary Cardiomyopathies” OR “Primary Cardiomyopathy” OR “Primary Myocardial
Diseases” OR “Myocardial Diseases, Primary” OR “Disease, Primary Myocardial” OR
“Diseases, Primary Myocardial” OR “Myocardial Disease, Primary” OR “Primary
Myocardial Disease” OR “Cardio-oncology”

#4: #1 AND #2 AND #3
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Appendix 2: Full-text articles assessed for eligibility

Studies Author, Inclus Reason for
year ion exclusion
1 Relationship of Promising Methods in the Detection of Bulten, Yes -
Anthracycline-Induced Cardiotoxicity in Breast Cancer 2015
2 Indium-111-Antimyosin and Iodine-123-Mibg Studies in Carrio, Yes -
Early Assessment of Doxorubicin Cardiotoxicity 1995
3 Assessment of Late Anthracycline-Induced Cardiotoxicity  dos Santos, Yes -
by 123i-Mibg Cardiac Scintigraphy in Patients Treated 2017
During Childhood and Adolescence
4 Cardiac Sympathetic Hyperactivity after Chemotherapy: Guimaraes, Yes -
Early Sign of Cardiotoxicity? 2015
5 Radiation Dose and Long Term Risk of Cardiac Pathology Guldner, No Non-~I-
Following Radiotherapy and Anthracyclin for a Childhood 2006 MIBG
Cancer method
6 Anthracycline-Induced Cardiomyopathy: The Search Kim, No Editorial
Continues 2017
7  123i-Mibg for Detection of Subacute Doxorubicin-Induced Laursen, Yes -
Cardiotoxicity in Patients with Malignant Lymphoma 2018
8 Magnetic Resonance Imaging for Early Detection of Laursen, No Non-=]-
Anthracycline Cardiotoxicity in Malignant Lymphoma 2017 MIBG
method
9 123i-Mibg Imaging for Detection of Anthracycline-Induced  Laursen, No Review
Cardiomyopathy 2018
10  Doxorubicin-Induced Cardiac Neurotoxicity: Study with Lekakis, Yes -
Iodine 123-Labeled Metaiodobenzylguanidine Scintigraphy 1996
11 Doxorubicin-Induced Myocardial Damage in Elderly Niitsu, No Language
Patients with Hematologic Malignancies 1997
12 Assessment of Cardiac Toxicity by 123i-Mibg Myocardial Niitsu, No Language
Spect in Elderly Non-Hodgkin Lymphoma Patients Treated 1995
with Cop-Blam and G-Csf
13 Clinical Usefulness of 123i-Mibg Myocardial Spect in Niitsu, No Language
Patients with Adriamycin-Induced Cardiomyopathy 1994
14  Usefulness of 1231 Mibg Myocardial Spect in Patients with Niitsu, No Language
Hematologic Malignancies with Chemotherapic Agent- 1995
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Induced Cardiomyopathy

15 Pirarubicin-Induced Myocardial Damage in Elderly Niitsu, No Language
Patients with Non- Hodgkin's Lymphoma 1998
16 Anthracycline-Induced Cardiomyopathy: Long-Term Nousiainen, Yes -
Effects on Myocardial Cell Integrity, Cardiac Adrenergic 2001
Innervation and Fatty Acid Uptake
17 lodine-123 Metaiodobenzylguanidine in the Assessment of Olmos, Yes -
Late Cardiac Effects from Cancer Therapy 1996
18  1-123 Metaiodobenzylguanidine and Serial Radionuclide Olmos, Yes -
Angiocardiography in Doxorubicin-Related Cardiotoxicity 1992
19 Assessment of Anthracycline-Related Myocardial Olmos, Yes -
Adrenergic Derangement by 1-123 1995
Metaiodobenzylguanidine Scintigraphy
20 123i-Mibg Scintigraphy in Cardiotoxicity Related to Ono, No Language
Antineoplastic Agents 1994
21  Assessment of Late Anthracycline-Induced Cardiotoxicity Santos, No Doctoral
by 123i-Mibg Cardiac Scintigraphy in Patients Treated 2015 Dissertation
During Childhood and Adolescence (doctoral dissertation) (related to the
study 3)
22 Prediction of Mode of Death in Patients with Chronic Heart Sato, No Other
Failure by Cardiac Spect Imaging with [-123 2015 population
Metaiodobenzylguanidine
23 Cardiac Sympathetic Nerve Activity of [-123 Mibg Shioyama, No Language
Imaging Is Unrelated to Left Ventricular Dysfunction 2014
During Trastuzumab Therapy
24 [-123-Mibg Myocardial Imaging in Trastuzumab-Based Stokkel, Yes -
Cardiotoxicity: The First Experience 2013
25  Myocardial Sympathetic Dysinnervation in Doxorubicin Takano, No Language
Cardiomyopathy 1996
26 Noninvasive Identification of Anthracycline Cardiotoxicity: Y. Takeishi,  Yes -

Comparison of 123i-Mibg and 123i-Bmipp Imaging
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Appendix 3: Quality assessment of case series:

Study, 1 2 3 4 5 6 7 8 9
year

Guimaraes, Yes Yes Yes Yes Not applicable Yes Yes Yes Yes
2013

Nousiainen, Yes Yes No Yes Not applicable Yes Yes Not applicable Yes
2001

Olmos, Yes Yes No Yes Not applicable Yes Yes Not applicable Yes
1992

Stokkel, Yes Yes Yes Yes Not applicable Yes Yes Not applicable Yes
2013

Olmos, Yes Yes No Yes Not applicable Yes Yes Yes No
1995

Questions:

Was the study question or objective clearly stated?

Was the study population clearly and fully described, including a case definition?

Were the cases consecutive?

Were the subjects comparable?

Was the intervention clearly described?

Were the outcome measures clearly defined, valid, reliable, and implemented consistently across all study participants?
Was the length of follow-up adequate?

Were the statistical methods well-described?

Were the results well-described?

W ns L=
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Quality assessment of before-after studies:

Study, 1 2 3 4 5 6 7 8 9 10 11 12
year
Carrio, Yes No Yes Not Yes Yes Yes Not Yes Yes No Not
1995 reported reported applicable
Laursen, Yes Yes Yes No Yes Yes Yes Yes Yes Yes No Not
2018 applicable
Questions:
1. Was the study question or objective clearly stated?
2. Were eligibility/selection criteria for the study population prespecified and clearly described?
3. Were the participants in the study representative of those who would be eligible for the test/service/intervention in the general or clinical population of interest?
4. Were all eligible participants that met the prespecified entry criteria enrolled?
5. Was the sample size sufficiently large to provide confidence in the findings?
6. Was the test/service/intervention clearly described and delivered consistently across the study population?
7. Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study participants?
8. Were the people assessing the outcomes blinded to the participants' exposures/interventions?
9. Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?

10. Did the statistical methods examine changes in outcome measures from before to after the intervention? Were statistical tests done that provided p values for the pre-to-
post changes?

11. Were outcome measures of interest taken multiple times before the intervention and multiple times after the intervention (i.e., did they use an interrupted time-series
design)?

12. If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical analysis take into account the use of individual-level data to
determine effects at the group level?
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Quality assessment of cross-sectional studies:

Study, 1 2 3 4 5 6 7 8 9 10 11 12 13 14
year
Lekakis, Not Not Not Not Not Not Not
1996 Yes Yes reported  reported No applicable applicable Yes Yes applicable Yes reported  applicable No
Bulten, Not Not Not Not Not Not
2015 Yes Yes reported Yes No applicable applicable No Yes applicable Yes reported  applicable No
Dos Santos, Not Not Not Not Not
2015 Yes Yes Yes Yes No applicable applicable No Yes applicable Yes reported  applicable Yes
Takeishi, Not Not Not Not Not Not Not
1994 Yes Yes reported  reported No applicable applicable No Yes applicable Yes reported applicable No
Olmos, Not Not Not Not Not Not Not
1996 Yes Yes reported  reported No applicable applicable No Yes applicable Yes reported  applicable Yes
1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined?
3. Was the participation rate of eligible persons at least 50%?
4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the

XA

study prespecified and applied uniformly to all participants?

Was a sample size justification, power description, or variance and effect estimates provided?

For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?

Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?

For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure
measured as continuous variable)?

Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?

. Was the exposure(s) assessed more than once over time?
11.
12.
13.
14.

Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?

Were the outcome assessors blinded to the exposure status of participants?

Was loss to follow-up after baseline 20% or less?

Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?
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