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RESUMO

Esta tese teve como objetivo incrementar o conhecimento referente ao manejo
da fadiga relacionada ao céncer em diferentes fases do tratamento citotoxico
antineoplasico, por meio da implementacao da reabilitagao fisica.

Métodos artigo 1: Esta revisdo sistematica, conduzida de acordo com as
diretrizes PRISMA e registrada no PROSPERO, avaliou o efeito da fisioterapia
na fadiga relacionada ao cancer (FRC) durante o tratamento antineoplasico
com quimioterapia. Revisao sistematica com metanalise de ensaios clinicos
randomizados publicados entre 2010 e 2021 (EMBASE, MEDLINE, PEDro;
SciELO e LILACS). Foram incluidos nesta revisdo estudos que avaliaram o
efeito da fisioterapia supervisionada (FS) no manejo da FRC em adultos
submetidos a tratamento antineoplasico, comparados a um grupo controle (GC)
que abrangia o tratamento usual ou qualquer pratica ndo controlada, como
recomendacgdes sobre exercicios e educacao em saude. Resultados artigo 1:
Um total de 22 estudos foram incluidos na revisdo sistematica e 21 na
metanalise, totalizando 1.992 individuos (GC = 973 e FS = 1.019). Houve
reducdo na fadiga geral [DMP = - 0,69; IC 95% (- 1,15, - 0,22) p < 0,01; 12 =
87%; NNT = 3], com maior peso atribuido ao exercicio combinado (44%). A
fadiga fisica também foi reduzida [SMD= - 0,76; IC 95% (- 1,13, - 0,39) p <
0,01; 12 = 90%; NNT = 2], com maior peso para o0 exercicio de resisténcia
(50%) e maior efeito com o exercicio combinado [SMD= -1,90; IC 95%
(-3,04,-0,76) p<0,01; | 2=96%]. Houve reducdo na fadiga geral com
intensidade moderada (74%) [SMD= -0,89; IC 95% (-1,61,-0,17) p<0,02;
12=90%] e fadiga fisica [SMD= -1,00; IC 95% (-1,54,-0,46) p<0,01; 1*>=92%],
enquanto a alta intensidade reduziu apenas a fadiga geral [SMD= -0,35; IC
95% (-0,51,-0,20) p < 0,01; 12 = 0%]. O numero total de sessdes e de sessdes
semanais demonstrou contribuir para a redugdo da fadiga relacionada ao
cancer. Métodos artigo 2: Objetivou-se comparar o efeito de trés modos de
reabilitagdo fisica sobre a fadiga relacionada ao cancer (FRC) de pacientes
hospitalizados para o transplante de células-tronco hematopoéticas (TCTH).
Ensaio clinico randomizado com pacientes submetidos ao TCTH, alocados em
grupo aerdbio (AE), resistido (RE) ou combinado (C) para a realizacdo de
reabilitacéo fisica durante a internacao hospitalar. Foram 5 sessbes semanais,
conforme viabilidade clinica, 15-20 minutos por sessdao com intensidade
moderada de exercicio fisico. Os desfechos avaliados foram FRC e
desempenho fisico (Teste do senta e levanta de 30 segundos — TSL30 e forga
de preensdo palmar), além da viabilidade clinica para realizagdo da
reabilitacdo, seguranca e adesdo. Resultado artigo 2: Total de 45 pacientes
completaram as intervengdes (AE=14; RE=15; C=16). A viabilidade clinica
geral foi de 70% (AE=68%; RE=67%; C=72%) e a adesado foi de 87%
(AE=83%; RE=86%; C=92%). Nenhum evento adverso relacionado ao
exercicio fisico foi registrado. A FRC n&o apresentou diferenga significativa
(p=0,89) entre os diferentes tipos de intervengdo e manteve baixa oscilagéo
entre pré e pos-TCTH quando os diferentes grupos foram unificados em uma
amostra. O desempenho fisico também ndo apresentou resultados
significativos, tanto no TSL30 (p=0,62) e na forga de preensao palmar (p=0,84).

Palavras-chave: Fisioterapia; Fadiga; Exercicio fisico; Desempenho fisico
funcional



ABSTRACT

This doctoral dissertation aimed to increase knowledge regarding the management
of cancer-related fatigue in different phases of cytotoxic antineoplastic treatment,
through the implementation of physical rehabilitation. Methods article 1: This
systematic review, conducted according to the PRISMA guidelines and registered
in PROSPERO, evaluated the effect of physiotherapy on cancer-related fatigue
(CRF) during antineoplastic chemotherapy treatment. Systematic review with
meta-analysis of clinical trials published between 2010 and 2021 (EMBASE,
MEDLINE, PEDro; SciELO and LILACS). Studies that evaluated the effect of
supervised physiotherapy (SP) on the management of CRF in adults undergoing
antineoplastic treatment, compared to a control group (CG) that included usual
treatment or any uncontrolled practice, such as recommendations on exercise and
health education, were included in this review. Results from article 1: A total of
22 studies were included in the systematic review and 21 in the meta-analysis,
totaling 1,992 individuals (GC = 973 and FS = 1,019). There was a reduction in
general fatigue [DMP = - 0.69; 95% CI (- 1.15, - 0.22) p < 0.01; 12 = 87%; NNT =
3], with greater weight attributed to combined exercise (44%). Physical fatigue was
also reduced [SMD = - 0.76; 95% CI (- 1.13, — 0.39) p < 0.01; 12 = 90%; NNT =
2], with greater weight for resistance exercise (50%) and a greater effect with
combined exercise [SMD = -1.90; [95% CI (-3.04, -0.76) p<0.01; 1>=96%]. There
was a reduction in overall fatigue with moderate intensity (74%) [SMD= -0.89; 95%
Cl (-1.61, -0.17) p<0.02; 1?>=90%] and physical fatigue [SMD= -1.00; 95% CI (-1.54,
-0.46) p<0.01; 1?>=92%)], while high intensity only impairs overall fatigue [SMD= -
0.35; 95% CI (-0.51, -0.20) p < 0.01; I* = 0%]. The total number of sessions and
weekly sessions is planned to contribute to the reduction of cancer-related fatigue.
Methods of article 2: The objective was to compare the effect of three modes of
physical rehabilitation on cancer-related fatigue (CRF) in patients hospitalized for
hematopoietic stem cell transplantation (HSCT). A randomized clinical trial was
conducted with patients undergoing HSCT, allocated to an aerobic (AE),
resistance (RE), or combined (C) group for physical rehabilitation during
hospitalization. There were 5 weekly sessions, according to clinical criteria, 15-20
minutes per session with moderate intensity physical exercise. The studies
evaluated were heart rate control (HRC) and physical performance (30-second sit-
to-stand test — 30SST and handgrip strength), in addition to clinical prediction for
rehabilitation, safety, and adherence. Results of article 2: A total of 45 patients
completed the disciplines (AE=14; RE=15; C=16). Overall clinical prescription was
70% (AE=68%; RE=67%; C=72%) and adherence was 87% (AE=83%; RE=86%;
C=92%). No adverse events related to physical exercise were recorded.
Functional cardiac performance (FCR) did not show a significant difference
(p=0.89) between the different types of intervention and maintained low oscillation
between pre- and post-HSCT when the different groups were unified into a single
sample. Physical performance also did not show significant results, both in the 30-
minute TSL (p=0.62) and in handgrip strength (p=0.84).

Keywords: Physiotherapy; Fatigue; Physical exercise; Functional physical
performance



Objetivos de desenvolvimento sustentavel:

- Saude e bem-estar

Assegurar vida saudavel e promover bem-estar para as pessoas de todas

as idades, independente das comorbidades associadas e tratamentos envolvidos.

Implementar protocolos de exercicio fisico com seguranga que promova

saude e bem-estar para os pacientes oncologicos.

- Industria, inovagao e infraestrutura

Promover a inovacao na area de reabilitacdo em oncohemtologia.

Fomentar o incremento da infraestrutura de centros de tratamento

onhematoldgico e de reabilitagdo.
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1 CONTEXTUALIZAGAO

1.1 REPERCUSSOES DO TRATAMENTO CITOTOXICO COM
QUIMIOTERAPIA DE ALTA DOSE

O tratamento antineoplasico € composto por diferentes modalidades, entre
elas cirurgia, radioterapia, hormonioterapia, mas principalmente pela quimioterapia. Ha
uma diversidade de doencgas que se beneficiam da quimioterapia, porém a associagao
dos eventos adversos com as complicagdes da doenca de base podem deteriorar a
capacidade funcional dos pacientes oncolégicos e consequentemente prejudicar a
qualidade de vida (HENRY et al.,, 2008; BO Y, JIANSHENG W, 2017; INCA, 2019).
Esses tipos de consequéncias sao frequentemente subnotificados e desvalorizados,
uma vez que o foco terapéutico objetiva a cura da doenca. Por isso, € possivel
identificar durante esse processo perda importante de forca muscular, queixas de dor,
inapeténcia, redugédo da autonomia, funcionalidade e sinais de fadiga que ndo melhora
com o repouso (PENEDO et al., 2020).

A quimioterapia trata de forma sisttmica o cancer, atingindo
concomitantemente células tumorais e sadias, e por isso os efeitos colaterais sao tao
diversificados. Apesar de ser utilizada tanto para tumores solidos quanto para doencas
hematoldgicas, é nesta ultima que as repercussodes sistémicas se manifestam de forma
mais intensa, devido aos sinais prévios da propria patologia. Os agentes
quimioterapicos podem ser administrados de maneira continua ou intervalada, variando
conforme o esquema terapéutico (INCA, 1996). A quimioterapia de alta-dose, que pode
estar associada a retirada de células progenitoras hematopoiéticas, € uma opcgao
terapéutica curativa para pacientes com neoplasias onco-hematolégicas (BEWARDER
et al., 2018).

Nesse contexto, o transplante de células-tronco hematopoéticas (TCTH) se
trata de um procedimento complexo que utiliza quimioterapia de alta dose e possui
grande potencial de cura para pacientes diagnosticados com diversas doencas, nao
apenas onco-hematologicas, mas também algumas deficiéncias imunologicas e
doencas metabdlicas. Ele consiste na infusdo de células progenitoras obtidas de um

doador compativel, quando for do tipo alogénico, cujo objetivo é a remissao da doenca.
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No entanto, quando essas células forem removidas da prépria medula do paciente
antes das doses elevadas de quimioterapia, chamamos de TCTH autdlogo.

Como o tratamento citotoxico ndo engloba somente a quimioterapia em altas
doses, a radioterapia através da irradiagcdo corporal total pode estar presente em
alguns tipos de condicionamento do TCTH alogénico. Assim, o acumulo de diversos
tratamentos favorece o surgimento de muitos efeitos colaterais. As repercussdes mais
conhecidas sao relacionadas a quimioterapia, como nauseas e vomitos, reducéo da
ingesta alimentar, fraqueza generalizada, indisposi¢ao, fadiga e reducéo das atividades
de vida diaria (AVDs) (COPELAN E.A., 2006; ARNAOUT K. et. Al., 2014). Outros
efeitos mais relacionados ao tratamento pré-transplante incluem infec¢des, anemia e
sangramento associado a plaquetopenia. Ja as complicagdes apos a recuperacao da
medula se resumem a doenga do enxerto contra o hospedeiro (DECH) e infeccbes
devido disfungcdo imunoldgica. Com isso, interna¢des hospitalares mais prolongadas
podem ser necessarias, principalmente nos casos de TCTH alogénico e com
complicagbes mais graves, como disturbios de mucosa, infecgdes bacterianas, fungicas
e cistite hemorragica. Isto contribui para consequéncias fisico-funcionais, como reducao
da capacidade funcional, da forga muscular, mobilidade e independéncia (ARNAOUT K.
et. al, 2014).

Portanto, pacientes submetidos ao TCTH apresentam redugado do nivel de
atividade fisica devido as altas doses de quimioterapia e/ou iradiagdo corporal total
utilizadas desde o tratamento pré-TCTH. Como resultado, fungdes fisicas relacionadas
a forga e resisténcia muscular estardo afetando as atividades da vida diaria (AVD) e a
qualidade de vida (QV) destes pacientes. A reabilitagdo se torna essencial para
melhorar o nivel de atividade fisica, os disturbios motores, a fadiga e QV associados ao
tratamento com TCTH (MORISHITA S., et al.,, 2013; TAKEKIVO T. Et. al, 2015;
ISHIKAWA A. Et.al, 2019).

1.1.1 Fadiga

A fadiga aos esforgos € uma das queixas mais comuns nesta populagao,
ocorrendo devido reducdo no numero de células sanguineas. Os efeitos sistémicos
provocados pela quimioterapia, associada aos da doenga de base, tornam a fadiga um
dos sinais mais prevalentes (STEINBERG et al., 2015).
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A fadiga relacionada ao cancer (FRC) é definida como sensagao de cansago
que ndo ameniza com O repouso, 0 que acaba influenciando em outros desfechos
como funcionalidade e tolerancia ao exercicio. Trata-se de uma queixa menosprezada
em meio a tantas outras preocupagdes com o tratamento, como probalidade de cura,
exames laboratoriais, chances de recidiva, infecgdes e medicagdes. Os tratamentos
agressivos, que nao apenas destroem células tumorais mas atingem tecidos saudaveis,
sd0 0s responsaveis iniciais desta manifestagdo onco hematoldgica. Salienta-se que a
fadiga engloba aspectos muito além do fisico, como mental e social, e que o principal
modo de manejo é o ndo-farmacologico. (WISKEMANN et al., 2010).

Os modos de diagndstico e monitoramento s&do realizados através de
questionarios subjetivos ou escalas. Os mais comumente encontrados sao:
Multidimensional Fatigue Inventory (MFI), EORTQ-QLC fatigue subscale, Revised Piper
Scale, Facit-F, FACT-F, Lasa, FAS, FAQ, Facit-an, and PROMIS (PENNA et.al., 2023).

A maioria dos estudos tem utilizado o MFI como abordagem para diagnostico
da FRC. E um questionario breve e autoaplicavel, originalmente desenvolvido em
holandés, utilizado especificamente para a avaliagao da fadiga no linfoma de Hodgkin,
elaborado por Smets et al., (1996), traduzida e validada para o Brasil por Baptista et al.
(2012). O questionario é composto por 20 itens organizados em cinco escalas,
relacionados a diferentes dimensdes da fadiga: 1) fadiga geral, 2) fadiga fisica, 3)
fadiga mental, 4) reducdo da atividade e 5) reducdo da motivagcdo. Cada escala é
composta por quatro itens, dois indicativos e dois contra indicativos de fadiga. Todos os
itens sdo respondidos em uma escala de cinco pontos (1= “Sim, é verdade” e 5="Néo,
nao € verdade"). A pontuagao é calculada para cada escala, variando de quatro a vinte,
com as pontuagdes mais altas indicando niveis mais elevados de fadiga. A pontuacao
total é obtida a partir da soma das cinco dimensdes distribuidos em 4 dimensbes

(sensorial, afetiva, comportamental e cognitiva/emocional).

1.1.2 Desempenho fisico

Outra repercussao que carece atencao durante o tratamento citotdxico é a
funcao fisica, que ainda pode ser chamada de funcionalidade ou desempenho fisico.
Sua avaliagdo pode ser realizada de diversas formas, dependendo do objetivo

terapéutico para o paciente, fase do tratamento e também espaco fisico. O Teste de
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Caminhada de Seis Minutos (TC6) é muito utilizado na populagdo onco hematoldgica,
principalmente no TCTH. Devido a sua necessidade de espaco fisico e a necessidade
dos pacientes permanecerem em isolamento na internagcdo hospitalar, algumas
alternativas sdo necessarias. Testes de capacidade funcional ou tolerancia ao exercicio
sdo empregados neste contexto, como o Teste do Degrau de Dois Minutos (TD2) e o
Teste do Senta e Levanta de 30 segundos (TSL30), que ainda pode ser utilizado para
mensurar for¢a indireta de membros inferiores (MORISHITA, 2029)

Quando ha possibilidades de avaliagdes mais completas, visando pesquisa
cientifica ou dados mais exatos, € utilizada a dinamometria para avaliar forca muscular,
tanto para membros inferiores quanto para superiores ou preensao palmar (ALMEIDA
et. al, 2019). A avaliagao da forca de membros superiores é realizada através do teste
de forca de preensao manual, que tem sido correlacionada com outros desfechos,
como qualidade de vida (MUSALEK, C., 2017; PARRA-SOTO S., 2022). E para avaliar
a forca muscular de membros inferiores pode ser utilizado dinamodmetro digital
principalmente para musculatura extensora de joelho na posi¢cdo sentada (YEUNG,
S.S8.Y., 2018).

2.1 REABILITAGAO FiSICA ONCO HEMATOLOGICA

O exercicio fisico € uma terapia adjuvante para sobreviventes do cancer e
tem demonstrado resultados favoraveis. As pesquisas realizadas no ambito da
oncologia e da reabilitagdo fisica abrangem, na maioria dos trabalhos, a populagéo que
sobrevive ao tratamento e que, portanto, apresentam as complicagdes observadas
mais tardiamente. Propor a pratica de exercicio fisico para pacientes em quimioterapia
€ um grande desafio pelo fato de que no inicio do tratamento estes pacientes enfrentam
tanto os efeitos paraneoplasicos da doenca de base quanto os efeitos colaterais
oriundos do tratamento citotoxico que geralmente agride simultaneamente multiplos
orgaos e sistemas. Iniciar o exercicio fisico antes que estes efeitos deletérios se
instalem pode propiciar ao paciente maior seguranga, conforto e adeséo a reabilitagao
fisica. Além disso, ha também uma boa chance de que o inicio precoce pode evitar ou
amenizar o desconforto ao esforgo durante as sessdes de treinamento (CAMPBELL, K.
L., WINTERS-STONE, K. M., WISKEMANN, J., et al., 2019). Por isso, a conduta de

iniciar o protocolo precocemente seria uma opg¢ao para aumentar a adesio. Ha estudos
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que demonstram bons resultados clinicos com pacientes realizando reabilitagdo até
mesmo antes do inicio da quimioterapia ou do transplante de células-tronco
hematopoiéticas, como forma de pré-condicionamento fisico com vistas ao aumento da
capacidade funcional e tolerancia ao longo tratamento (GONZALO-ENCABO, P.,
WILSON, R. L., KANG, D. W., NORMANN, A. J., DIELI-CONWRIGHT, C. M., 2022).

O exercicio fisico é considerado como modalidade de tratamento para
algumas complicagdes relacionadas ao taratamento onco-hematologico, principalmente
nas alteragdes fisico funcionais ligadas a manifestacdo e exacerbacdo da fadiga
oncologica. (GONZALO, P. et al., 2022; SALERNO, E. A. et al., 2021; PENNA, G. B. et
al.,, 2023) Os beneficios ja estdo claramente estabelecidos na oncologia, mas o
emprego do exercicio fisico de forma adjuvante a quimioterapia enfrenta diferentes
obstaculos operacionais, principalmente em relacdo ao acesso a programas especificos
de reabilitagdo fisica em oncologia, estruturados com periodizagdo indicada para a
prevencao dos efeitos deletérios envolvidos com a reducdo da funcionalidade e as
limitagdes impostas pela intolerancia ao esfor¢go e a manifestacao precoce de fadiga.

Mesmo na presenca de complicagdes, a terapia com exercicios deve ser
continuada o maximo possivel, com base em uma avaliagcdo completa, e rigorosidade
em relacdo aos exames laboratoriais. A avaliagao durante a hospitalizacdo para TCTH
€ geralmente realizada antes e apdés o TCTH, o que muitas vezes torna-se desafiador
devido a condicdo fisica deficitaria ja instalada, fadiga e presenca de cateteres
intravenosos. A avaliacdo da funcéo fisica inclui forca muscular, tolerancia ao exercicio,
capacidade de caminhar ou mobilidade, flexibilidade e equilibrio. As avaliacbes preé-
TCTH sao realizadas logo apds a admissao para o TCTH, e as avaliagbes pos-TCTH
sao realizadas apds a recuperagdo medular ou quando o paciente recebe alta
hospitalar (TAKEKIYO T, 2015; TAKEKIYO T, 2023; ISHIKAWA A, 2019; WISKEMANN
J, 2011).

Relatos sobre terapia com exercicios antes e depois do transplante
comecgaram a aumentar a partir da década de 1990. Nos ultimos anos, foi relatado que
ela é segura e viavel para reabilitagdo realizada antes da admissao para TCTH. Em
relagcdo aos beneficios da terapia com exercicios em pacientes submetidos a TCTH, o
exercicio fisico, incluindo exercicios aerdbicos, treinamento de resisténcia e exercicios
de alongamento tem demonstrado afetar positivamente a saude fisioldgica, psicologica
e psicossocial (WISKEMANN J, 2011; VAN HAREN, 2018; LYANG Y, 2018).
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2.1.1 Modalidades e tipos de sobrecarga muscular

A reabilitacdo onco hematoldgica abrange diversas intervengdes necessarias
para recuperar o paciente de todos efeitos colaterais sofridos. Portanto, necessita
abordagem de equipe multiprofissional nesse processo tdo complexo. A reabilitagdo
fisica ou funcional é composta de uma prescricado personalizada de exercicios fisicos
condizentes com as necessidades detectadas na avaliagcado prévia do paciente. Definido
os objetivos, o profissional fisioterapeuta pode planejar qual tipo ou modalidade de
exercicio fisico beneficia mais o paciente, seja aerébio, resistido, de for¢ga, combinado,
flexibilidade ou equilibrio (KNIPS, 2019; DUREGON et al.,2019).

As variagbes de intensidade geram obstaculos devido a equilibragdo entre
riscos e beneficios. A classificacdo de intensidade para exercicio fisico pode ser
considerada leve, moderada ou alta. A sua regulagédo pode ser feita através da escala
Borg, do talk test ou pelo calculo da frequéncia cardiaca maxima. A intensidade leve
torna-se a mais confortavel para o paciente em quimioterapia de alta dose pois além de
alterar menos os sinais vitais, gera menos cansaco (PERSOON et al., 2013; WEHRLE
et al., 2019). No entanto, intensidades moderadas podem beneficiar mais os pacientes
quando avaliado os desfechos de FRC e capacidade funcional. Além disso, alguns
estudos destacam a importdncia da manutengdo da regularidade da pratica dos
exercicios fisicos, com a adequada adaptacdo conforme a oscilacdo dos exames
laboratoriais, disposicao e motivagao do paciente. Nem sempre a exposi¢ao prolongada
ao exercicio sera a mais eficaz no tratamento, mas a prescri¢cado ajustada da frequéncia
semanal, volume de treinamento baseado em séries, repeticoes e peso sao de extrema

importancia para obtengao de resultados positivos (OECHSLE, 2014).

2.1.2 Reabilitagao durante a internagao hospitalar para o

transplante de células-tronco hematopoéticas

A terapia com exercicios em pacientes submetidos a TCTH alogénico também tem
um impacto positivo na sobrevida pés-alta. Jones et al. (2015) relataram que uma distancia
percorrida no teste de caminhada de 6 minutos (TC6M) antes do transplante de = 400 m

forneceu informagdes adicionais sobre a predi¢ao da sobrevida global com ajuste de idade.



20

Em contraste, uma distancia percorrida no TC6M < 400 m antes do transplante e uma
diminuicdo na distancia percorrida no TC6M antes e depois do transplante estdo
associadas a um alto risco de mortalidade nao relacionada a recidiva apés TCTH
alogénico. Acredita-se que a terapia com exercicios em receptores de TCTH tenha um
impacto positivo na manutencido da fungao fisica, qualidade de vida e sobrevida apods o
transplante (Wiskemann J, 2015; JONES LW, 2015).

As intervencbes para controle dos sintomas frequentemente sdo implementadas
apos serem submetidos ao TCTH, o que agrava mais a FRC e o desempenho fisico,
tornando dificil sua reversdo. Provavelmente isto deve-se ao fato de que a realizagao de
exercicios fisicos neste periodo causa desconforto e desconfiangca quanto a sua
seguranga. A prevengao ou até mesmo intervengdes durante a internagdo parecem ser
opcodes factiveis e muito eficazes para o manejo da fadiga durante o tratamento citotoxico.
A seguranga para realizagdo da reabilitagcdo fisica ocorre pela verificagdo rotineira dos
exames laboratoriais e avaliagdo clinica criteriosa diaria do profissional responsavel.
Valores limitrofes de hemoglobina e plaquetas ndao devem ser barreiras para a
reabilitacdo, mas motivo para readaptacdo do planejamento e comunicagdo com o0s
demais membros da equipe. Tratamentos prévios, interna¢des prolongadas e falhas
terapéuticas sdo alguns fatores que que desafiam o profissional para implementar a
terapéutica adequada (WEHRLE et al., 2019; (ALMEIDA et. al, 2019).

Neste sentido, Sasso et al., (2015) recomendam que a prescricdo do exercicio seja
individual e baseada na resposta cardiorrespiratoria, forca muscular; sobrecarga
progressiva e periodo de recuperagao suficiente para oferecer descanso apropriado a fim
de otimizar as adaptacdes fisioldgicas promovidas pela sobrecarga muscular especifica do
programa de reabilitagdo. Fairman et al. (2017), ampliam este conceito, integrando
variaveis fundamentais do treinamento de resisténcia, que subsidiam as adaptacdes ao
estimulo de sobrecarga muscular dentro de um programa de reabilitacdo baseado nos

conceitos de periodizagao variavel de volume, intensidade e frequéncia do esforgo fisico.
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2 OBJETIVOS

Este estudo tem como objetivo avaliar os efeitos da reabilitagao fisica na
fadiga relacionada ao cancer em diferentes fases do tratamento citotdxico

antineoplasico.

Os objetivos especificos incluiram:

1) Avaliar os efeitos da fisioterapia na fadiga relacionada ao cancer
durante o tratamento citotoxico.
Artigo 1: Physical rehabilitation for the management of cancer-related fatigue

during cytotoxic treatment: a systematic review with meta-analysis

2) Comparar o efeito de trés modos de reabilitagéo fisica sobre a fadiga
relacionada ao cancer (FRC) de pacientes hospitalizados para o

transplante de células-tronco hematopoéticas (TCTH).

Artigo 2: Exercicio fisico intra-hospitalar para o manejo da fadiga relatada

por pacientes submetidos ao transplante de células-tronco hematopoiéticas
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Abstract

Objective To assess the effect of physical therapy on cancer-related fatigue (CRF) during cytotoxic anticancer treatment.
Methods Systematic review with meta-analysis of randomized clinical trials published from 2010 to 2021 (EMBASE, MED-
LINE, PEDro; SciELO, and LILACS). Studies assessing the effect of supervised physical therapy (IG) for the management of
CREF on adults undergoing anticancer treatment compared with a control group (CG) covering usual care or any uncontrolled
practice, such as recommendations about exercise and health education, were included in this review.

Results A total of 22 studies were included in the SR and 21 in the meta-analysis, resulting in 1.992 individuals (CG =973
and IG=1.019). There was a reduction in general fatigue [SMD = — 0.69; 95%CI (- 1.15,-0.22) p<0.01; P=87%;
NNT =3], with greater weight attributed to combined exercise (44%). Physical fatigue also reduced [SMD= —0.76; 95%ClI
(= 1.13,-0.39) p<0.01; ?=90%; NNT =2], with greater weight for resistance exercise (50%) and greater effect with com-
bined exercise [SMD = —1.90; 95%CI (- 3.04, —0.76) p <0.01; I >=96%]. There was reduction in general fatigue with mod-
erate intensity (74%) [SMD = —0.89; 95%CI (- 1.61,—0.17) p <0.02; I*=90%] and physical fatigue [SMD = — 1.00; 95%CI
(—1.54,—0.46) p<0.01; ’=92%], while high intensity reduced only general fatigue [SMD = —0.35; 95%CI (- 0.51,—0.20)
p <0.01; *=0%]. The number of overall and weekly sessions has been shown to contribute to the reduction of CRF.
Conclusion Physical rehabilitation with moderate intensity promoted greater relief of general and physical fatigue. Even after
controlling for high heterogeneity, the quality of evidence, summarized in GRADE, was considered moderate for general
fatigue and low for physical fatigue.

Keywords Physical and rehabilitation medicine - Physical therapy - Chronic fatigue syndromes - Patient outcome
assessment - Antineoplastic agents
Introduction

Cancer-related fatigue (CRF) is one of the symptoms affect-
ing cancer patients. It manifests itself from the dysfunctions
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resulting from the underlying disease itself, but mainly from
the systemic side effects arising from the antineoplastic
treatment. There are multiple factors associated with CRF,
which range from function changes of central and peripheral
nervous systems to dysregulation in hematological, meta-
bolic, and energetic activity [1, 2].

It includes subjective aspects of feeling physical and emo-
tional weariness which are not proportional to the physical
activity performed [1]. It can also manifest due to overlap-
ping pre-existing comorbidities or side effects associated
with polypharmacy, physical deconditioning, mood swings,
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emotional distress, and sleep disturbances that can worsen
symptoms [3, 4].

Various scales are used to assess fatigue, some of which
separate general from physical fatigue in order to distinguish
behavioral, mental, and emotional aspects from components
explicitly related to physical-functional characteristics.
However, regardless of the criteria used, CRF is usually
characterized by a slow reversal of the feeling of weariness
by remaining at rest [5].

The treatment of CRF may include pharmacological [6]
and non-pharmacological [7, 8] therapies, such as integra-
tive therapies [9], multimodal [10], and physical exercise
[11, 12], which are part of the physical therapy planning,
especially when individuals are in the period the antineo-
plastic treatment causes side effects. Pharmacological thera-
pies do not demonstrate the same efficacy when compared
to non-pharmacological treatment [13]. Although interven-
tions with passive techniques are apparently more comfort-
able for patients, therapies that involve properly prescribed
physical effort continue to be the most indicated [14, 15].
The systemic effects and the benefits promoted by regular
physical exercise in the oncological scenario are widely
described [16, 17]. A rehabilitation program can consist of
different schemes for physical exercises, both aerobic and
resistance, or even a combination of both. It is considered
physical rehabilitation because it combines aspects of both
musculoskeletal and cardiopulmonary systems. Although
there is variety of literature on the management of CREF, it
is still possible to identify some gaps in this area, especially
in the acute phase of cytotoxic treatment (chemotherapy and
radiotherapy), such as further details about muscle overload,
intensity of effort, and the duration of the physical rehabili-
tation program. Available data gathers older studies carried
out at a time [13] when anticancer protocols had not been
undergone to recent updates.

Early studies showed that even in antineoplastic treat-
ment, musculoskeletal adaptations occur with different mus-
cle overloads. While the most intense overloads develop the
contractile structure of the muscle fiber, the moderate ones
increase the oxidative capacity and the ratio of the number
of capillaries per muscle fiber [18]. These results encourage
the use of physical rehabilitation during cytotoxic treatment,
even in the most aggressive [19]. Considering the constant
updates in the antineoplastic protocols, the accumulation
of knowledge about rehabilitation in the acute phase of
the cytotoxic treatment, and the variability of the structur-
ing characteristics of the rehabilitation protocols (type and
intensity of effort), this study intends to continue the analy-
sis of the effect of physical rehabilitation on CRF during
the acute phase of cytotoxic treatment (primary outcome).
As a secondary outcome, the types of muscle overload
(aerobic, resistance, and combined) and the intensity of the
effort (light, moderate, and high) developed in the phase

@ Springer

in which the antineoplastic treatment reaches the apex of
the manifestations related to general and physical fatigue
were analyzed. This study describes central details of the
elements that make up the physical therapy protocol used
for the management of CRF.

Methods

This systematic review was conducted based on the Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guideline [20] and registered on Pro-
spectively registered systematic reviews in health and social
care (PROSPERO), under register CRD42018096547. The
primary outcome is CRF (general and physical fatigue). At
the same time, the types of muscle overload (aerobic, resist-
ance, and combined) and the intensity of effort (light, mod-
erate, and high) were considered the secondary outcomes.

Search strategies

Randomized clinical trials (RCTs) published from 2010
to 2021 in Portuguese, English, and Spanish available in
the databases of the National Library of Medicine (MED-
LINE and PUBMED), Ovid MEDLINE®, Physiotherapy
Evidence Database (PEDro), Excerpta Medica dataBASE
(EMBASE), Scientific Electronic Library Online (SciELO),
and Latin American and Caribbean Health Sciences Litera-
ture (LILACS). The search took place in September 2021
and was structured according to the PICO strategy through
the descriptors. The following keywords were used: “Physi-
otherapy,” “Physical Therapy Modality,” “Cancer,” “Neo-
plasia,” “Muscular fatigue.” The complete strategy is in
the supplementary material. Boolean operators “OR” and
“AND” were used to combine search terms. The filter for
“randomized clinical trials” was used according to each of
the different databases. There was no directed manual search
in a grey literature database.

Eligibility criteria

Only RCTs (complete and published) performed with indi-
viduals aged 18 years or older in the acute phase of cytotoxic
anticancer treatment (chemotherapy, radiotherapy, or both)
were included. It was included studies which divided the
volunteers during the cytotoxic treatment into a group with
physical therapy performed in person (intervention), while
in the other group (control) the subjects should be treated
with usual care or any uncontrolled practice, such as recom-
mendations about exercise and health education.

Activities with non-face-to-face supervision, such as tel-
ephone monitoring or cognitive behavioral approach, were
excluded from the study. Passive therapies with massage,
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meditation, and acupuncture, and activities that did not dem-
onstrate a pattern of muscle overload and intensity such as
Yoga, Tai Chi, Qigong, and hydrotherapy were also excluded
from this research. In addition, lung-specific therapies in
which there was no peripheral muscle overload, such as
respiratory muscle training, were also excluded from the
analysis. Interventions with individuals in advanced stages
of cancer (terminal patients), on hormone therapy alone or
during the cytotoxic post-treatment follow-up phase were
excluded. From the follow-up studies, only information
regarding the acute phase of the cytotoxic treatment.

Selection of studies and data extraction

Two independent reviewers (TS, DM) excluded studies
after reading titles and abstracts in Mendeley® software.
The remaining articles were thoroughly assessed, and the
selected ones underwent systematic data extraction and stor-
age. Disagreements between evaluators were solved by a
third evaluator (GP). Physical fatigue was extracted from
the questionnaires containing a subcategory related to the
physical aspects of the feeling of fatigue. The intensity of
physical effort was considered according to the description
provided by the authors in the protocols of each study, and
they were classified as mild, moderate, or high.

Risk of bias assessment

The risk of bias was assessed as proposed by the Cochrane
Handbook for Systematic Reviews of Interventions [20] by
two independent investigators (GP, DM). Disagreements
were discussed with the third investigator for a final deci-
sion. For each criterion, judgment was made as low risk,
high risk, or unclear risk of bias.

Data synthesis and analysis

DerSimonian and Laird random effects model, adjusted by
the Hartung-Knapp method, with 95% confidence intervals.
All analyses were conducted using RStudio software (ver-
sion 1.3.1093), with statistical packages “meta” and “dplyr”
implemented in version R 3.6.2 (R Project for Statistical
Computing).

The standardized mean difference (SMD) was used to
combine results from different fatigue measurement units.
The grouped standard deviations were calculated as recom-
mended by the adjusted G Hedges method. To ensure that
all scales pointed in the same direction, we multiplied the
mean values by —1 from studies in which fatigue severity
decreased with higher scores [21-26]. Two studies reported
no post-treatment standard deviations [27, 28], in which case
we imputed a reasonably high value based on the standard
deviations obtained from the post-treatment means of other

studies included in this meta-analysis. SMD up to 0.2 was
considered to be of small effect size, between 0.2 and 0.8
moderate, and above 0.8 large. The number needed to treat
(NNT) was calculated from the SMD [21, 29, 30].

The overall quality of evidence was determined according
to the Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) [31]. For general fatigue
and physical fatigue outcomes, the quality of evidence was
considered as “high” and subsequently reduced to “moder-
ate,” “low,” and “very low” depending on the criteria.

To identify potential sources of heterogeneity and effect
modifiers, we performed subgroup analyses for categori-
cal covariates based on the following: (a) exercise intensity
and (b) exercise type. For continuous covariates (program
duration in weeks, session duration in minutes, number of
sessions per week, and total number of sessions over the
intervention period), we performed univariate meta-regres-
sion analyses. Sensitivity analyses were used to identify and
exclude outliers with disproportionate influence on the other
studies grouped in the primary analyses. The evaluation of
publication bias was performed through visual inspection of
funnel plots and Egger regression.

Results
Description of studies

In the initial search, 799 studies were found. Of these, 100
were excluded due to duplicity, 348 due to titles, and 245
after analyzing the abstracts. Of the 106 studies analyzed,
22 met all the inclusion criteria and entered the analysis
(Fig. 1). Of these 22 articles, only one was not included
in the meta-analysis due to the graphical presentation of
the results, which made it impossible to extract fatigue val-
ues for statistical analysis. The authors were consulted via
e-mail, but no response was obtained.

In total, 1,992 individuals (53.9+8.1 years) participated
in the RCTs, 1,019 in the intervention group and 973 in the
control group (Table 1). The characteristics of the included
studies are detailed in Table 1. Among the interventions,
4 studies assessed aerobic exercises [32-35], 9 performed
exclusively resistance exercises [22-24, 34-39], and 11 com-
bined both modalities [25-28, 40-46]. The most prevalent
diagnosis was breast cancer (41%) [23, 24, 32, 33, 35, 36,
41, 43, 45] followed by hematological malignancies (18.2%)
[22, 38, 40, 46], prostate cancer (13.6%) [26-28], head and
neck (9.1%) [33.42], various tumors (9.1%) [30.36], colon
(4.5%) [44], and lung (4.5%) [34]. The intervention was
performed during chemotherapy in 11 studies [22, 23, 25,
32-35, 43-46], 6 during radiotherapy [24, 26-28, 37, 39]
and in 5 studies, patients underwent both types of cytotoxic
treatment [36, 38, 40-42]. In 2 articles, aerobic exercise was
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Fig.1 Study selection process.
RE =resistance; AE=aerobic;
RCT =randomized controlled
trial

Duplicates (100)

Studies found from the search
strategy (799)

Excluded by titles (348)
Excluded by abstracts (245)

Full reading (106)

Project: 11

Wasn't RCT: 3

Advanced cancer: 4
p———————+ | Did not rate fatigue: 8

RCT: uncontrolled: 7

Date prior to defined: 9

Post treatment intervention: 23
Intervention outside the criteria: 5
It was not cytotoxic treatment: 8
Unsupervised intervention: 6

[ Included (22 articles) ]

l ANALYSIS l

l

l l

RE Intervention
(n=9)

AE Intervention
(n=4)

Combined intervention
(n=10)

compared to resistance and to the control group [33, 35].
The intervention time ranged from 6 to 18 weeks; weekly
frequency ranged from 2 to 8 sessions, while the session
duration was between 30 and 120 min.

Assessment instruments

CRF was assessed by 10 different instruments. The most
used scale was the Multidimensional Fatigue Inventory
(MFI) (22%) [37, 43-46], followed by the EORTQ-QLC
fatigue subscale (18.1%) [22, 36, 38, 40], Revised Piper
Scale (13.6%) [32, 33, 35], Facit-F (9%) [27.38], FACT-F
(9%) [39.40] Lasa (9%) [34.42], FAS (4.5%) [39], FAQ (4
.5%) [24], Facit-an (4.5%) [25], and PROMIS (4.5%) [41].
In 12 studies, physical fatigue was evaluated in subscales
described as “physical fatigue” [22-24, 37, 38, 43, 44],
“behavioral fatigue/daily life” [33, 35], and “physical well-
being” [27, 28, 39].

Outcome assessment

Figure 2 presents the results for the main outcome of the
study (general fatigue Fig. 2A, 23 studies and physical
fatigue Fig. 2B, 14 studies). In the general analysis, con-
sidering all the studies that tested the effect of the interven-
tion with physical exercise during the cytotoxic treatment
for different neoplasms, there was a reduction in the feel-
ing of general fatigue when compared to the SMD control
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group: [—0.69; 95%CI (—1.15, —0.22) p<0.01; P=87%:;
NNT=3]. The greatest weight for this result was attrib-
uted to interventions that used combined physical exercise
(44%), followed by exclusively resistance exercises (39%).
Only 17% of the effect was attributed to studies that used
aerobic exercises exclusively, however, in the analysis
between groups, no difference was observed (Chiz: 297,
dif.=2, p=0.25). In the subset of the information provided
by the 4 studies that used exclusively aerobic exercises,
general fatigue was not different from the control group.
Heterogeneity was significantly high in protocols with
combined physical exercise, especially in the studies by
Hojan et al. (2016) and Hojan et al. (2017) [39.40]. On the
other hand, in the subgroup that used exclusively resist-
ance exercises, practically, no heterogeneity was detected.

The results of the meta-analyses performed to assess
physical fatigue (Fig. 2B) indicate that, in the combined
analysis, the intervention with physical exercise reduced
the sensation of physical fatigue [SMD=-0.76; 95%CI
(—1.13, —0.39) p<0.01; I >=90%; NNT=2]. The highest
weight was attributed to those who used exclusively resist-
ance physical exercise (50%), followed by combined exer-
cises (34%) and aerobic exercises (16%). In the analysis
of subgroups, there was a difference between the types of
muscle overload (Chizz 8.64, dif.=2, p=0.01), because the
combined exercise alone promoted a reduction in physi-
cal fatigue [SMD=-1.90; 95%CI (- 3.04, —0.76) p<0.01;
’=96%).
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Study or Experimental Control Std. Mean Difference Std. Mean Difference Study or Experimental st std.
?u Me: SD Total Mean SD Total Weight IV, Random, 98% CI IV, Random, 95% CI “Y‘NW Mean SO Total Mean SD Total Weight IV. Random, 95% CI V. Random, 95% CI
Sosmgne " R Baumaon 2011 4360 2270 17 5260 2710 16 A0%  035[104, 039 -
Baumann 2011 4380 2270 17 5280 2710 16 40%  -035[104, 034 Andorsen, 2013 4024 794 105 83 927 107 67%  048(072-010) &
Aodersen, 2013 4024 794 106 3634 627 107 52% -045(072,-018) Mel, 2017 (o) 316 202 65 3M 295 & 5 E
Rogers, 2014 4760 540 20 5160 690 2 43% -063[125,-001) Bdam 2019(b) 312 303 74 398 305 @ 61% [
Cormie, 2015 4480 850 32 4140 950 31 46%  -037(087. 013 Total (95 24 ¥ 0
Waart, 2015 M0 420 76 1470 440 77 51%  -069{102,037] Pregicuon interva by
Travies, 2015 1200 540 87 1290 690 17 52% 015045 016]
VanVugen, 2015 1160 540 15 1340 690 13 39%  -028[103, 046]
Hogan, 2016 11630 970 27 7820 200 27 26% 53B[654, 41 e
Hojan, 2017 -11790 970 35 8150 970 31 36% 371452290 Kacker, 2011 2380 1390 9 4880 2410 10 31%  -112§210,013)
Stephen, 2019 448 150 53 245 197 62 50% -112(151,-074] Rogers, 2012 100 1010 7 165 1110 8 30% 0220080, 124
al {98% C: an %3 438 1.4 02) Schmih. 2014 IBI0 2060 49 4480 2100 45 49% -041[082 001
tion intarval t Stendof, 2014 540 230 77 580 190 78 61% -024[055 008]
Rogers, 2014 ATED 540 20 5160 6 2 43% 063[125 001
Ahapd, 2015 300 080 7 460 080 7 24% 1761306046
Corrme, 2015 4480 850 3 4140 950 31 46%  037[087, 013]
Waart, 2015 170 420 78 1470 440 77 51% 069102037
Rasistance ) VanVipen 2015 1160 540 15 1340 690 13 39% 0281103 045
Kacker, 2011 2360 1390 9 4690 2410 10 31%  -112(210,013 Hojan, 2016 1630 970 27 7820 200 27 20% SIBEE5 418
Rogers, 2012 1900 1010 7 1650 1110 8 30% 0221080, 124] Hogan, 2017 1790 970 35 8150 970 3 36% 371452, 290
Scheredt, 2014 3610 2060 49 4480 2100 46 49% 0411082 .001] Mghel, 2017 (2) 316 261 60 394 205 L1 50% 028064, 009)
Steindod, 2014 540 230 77 5% 190 78 51% -024[055 008 2 418D 2490 33 4530 20 4 4% 013[061, 03
Mihel, 2017 (b) 316 202 65 304 295 &7  50%  -025[062 0.09) Grote, 2018 230 50 10 1410 350 10 348 03:L127, 050)
Kacker, 2017 4180 2490 33 4530 2690 M 47% 013081, 035 Gomnsobe a8 27 72 3% 305 m s :‘m;“z gn‘)r: 5
com, 2019 () 3 5 v 5
Grote, 2018 1230 530 10 1410 350 10 34%  -038[-1.27, 050) c 56 S 6 M LIS AT -
Ceeiko, 2019 2550 1650 27 3680 1670 28 45%  069[124,-015] col2e? 1 —_—
Bolam, 2019 (b) 312 303 4 398 305 60 51% 0281062 008
Total (95% 3 W 390 0.31 [-0.48, 0.15)
] a 018
1200 540 87 1200 6 T 52% 016) =
st 82 018 .
Aerobic
Aajd, 2015 300 080 7 460 090 7 24%  -176[-206,-046]
Dhilan, 2017 a753 088 56 3636 897 55 50% 018[056 019]
Mghel, 2017 (a) 316 261 60 3 2% 57 50% 028064, 009)
Solam, 2019 {a) 318 277 72 398 306 60 51%  -027[062 007) 83 088 % 897 & 50% 010K, 019 =
T c 195 79 175 32 [0.99, 027] 448 158 50 197 82 50% 112{151.074) a
Prediction interval 0. e " : RNERSL 359
Total (95% C1) 1019 973 1000%  -069[1.15,-022] Total (85% C1) 1018
Prediction interval [-1.97, 0.59] v Prediction interval : -
Heterogenety Tau’ =0.33, O =164 1, =22 (P <001).F = 81% 1 Hetargonety Tau’ ~ 033 Ch = 164 14, = 2 P < 0.0, F = 7% . s
Test ko uverall ellect. P~ 0.01 6 4 2 0 2 4 @ Test b cnweal lct. P <001 S 4 2.0 2 4 6
ety Adinag Y ey Test bt sebggonp Slhewrcen: CF < 463, 4= 3P = 0 20} Favours iterverton Favours Contral

Fig.2 Effect of different exercise regimens on the manifestation of
general fatigue (A) and physical fatigue (B). Data represent the mean
(mean), the standard deviation of the mean (SD), the 95% confi-
dence interval (CI), the sample size by study, and the total of each
subanalysis; the weight of the individual study on the final result,
the standardized mean difference (SMD), the prediction interval,

Experimental Control Std. Mean Difference Std. Mean Difference
Mean  SD Total Mean SD Total Weight IV, Random, 85% CI IV, Random, 95% CI
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Fig.3 Effect of different intensities of physical exercise on the mani-
festation of general fatigue (A) and physical fatigue (B). Data repre-
sent the mean, the standard deviation of the mean (SD), the 95% con-
fidence interval (CI), the sample size per study, and the total of each
subanalysis; the weight of the individual study on the final result, the
standardized mean difference (SMD), the prediction interval, the het-
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the heterogeneity between studies (%), and the “p” value for the
determination of probabilistic significance. Exercise effect size was
rated as moderate for the relief of general fatigue [SMD=—0.69;
95%CI (—1.15,—0.22)] and physical fatigue [SMD = —0.76; 95%CI
(=1.13,-0.39)]
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erogeneity between studies (%), and the “p” value for the determina-
tion of probabilistic significance. The effect size of moderate inten-
sity was rated large for the relief of general fatigue [SMD = —0.89;
95%CI (—1.61,—0.17)] and physical fatigue [SMD = — 1.00; 95%CI
(—1.54,-0.46)]
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Most studies used moderate intensity (74 %), followed by
intense (18%) and light (4%). Figure 3 shows the results of
meta-analyses that evaluated the influence of effort intensity
on general (Fig. 3A, 23 studies) and physical (Fig. 3B, 14
studies) fatigue. Moderate intensity reduced overall SMD
fatigue: —0.89; 95%CI (—1.61, —0.17) p<0.02; I >=90%,
and accounted for 65% of the weight in the analysis. Alone,
symptom reduction was observed with high intensity physi-
cal exercises [SMD=-0.35; 95%CI (-0.51, —0.20) p<0.01;
12=0%], but there was no difference between the different
intensities (Chi: 4.68, dif=3, p=0.20).

The same result was observed in physical fatigue
(Fig. 3B), in which the comparison between the subgroups
of effort intensities did not reach the cut-off point established
for the determination of the statistical difference (Chi’: 5.85,
dif.=3,p =0.12). The highest weight (70%) and effect size
also occurred in moderate intensity [SMD=-1.00; 95%CI
(—1.54, —0.46) p<0.01; ’=92%]. The intense effort repre-
sented 16% of the weight on the overall result and alone con-
tributed to the reduction of the sensation of physical fatigue
[SMD=-0.30; 95%CI (=0.55, —0.05) p<0.02; 2=0%].

Meta-regression
The duration of the rehabilitation program and the total
number of sessions were related to the size of the interven-

tion’s effect on general fatigue. In contrast, the number of
weekly sessions and the total number of weeks were the

A

Stnderd Emor

e |
°

Random sequence generation
Allocation concealment

Blinding of participants and personnel

components that contributed most to the relief of physical
fatigue (Table 3 - supplementary material). Additionally,
a strong tendency for physical fatigue relief was identified
with the duration of the physical rehabilitation program.

For each extra week included in the physical rehabilita-
tion program, the effect size is expected to increase on the
order of 0.07 for alleviation of general fatigue and 0.09 for
physical fatigue. Adding one session per week is expected
to increase the relieving effect of physical fatigue by 1.09%.
Finally, for each extra session included in the total weeks of
the rehabilitation program, an increase of 0.02 in the reliev-
ing effect of general fatigue and 0.11 in physical fatigue is
expected.

Sensitivity analysis and risk of bias

It was possible to identify in the outcome of general
(Fig. 4A) and physical (Fig. 4B) fatigue the discrepancy of
the studies by Hojan et. al. 2016 and Hojan et. al. 2017
[39.40]. By eliminating these two studies from the sensitiv-
ity analysis, we observed that for general fatigue there was
a significant increase in the prediction interval (p<0.01) due
to the vast reduction in heterogeneity, which went from 87
to 40%. For physical fatigue, only one study was withdrawn
[27], and the interval for estimating the effect of the inter-
vention also increased significantly (p<0.01) as a result of
the concomitant reduction in heterogeneity, which went from
90to 25%.

Blinding of outcome assessment

Incomplete outcome data
Selective reporting

Other sources of bias

|l oo [ somcncens [

Low rsk of bas

Fig.4 Sensitivity analysis and risk of bias. Funnel plot for general (A) and physical (B) fatigue. Risk of bias graph of all studies included in the

systematic review
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Overall the risk of bias was not low (Fig. 4C). Among the
analyzed domains, the blinding of volunteers and researchers
who performed the intervention was the one with the worst
scores, but the limitations of performing these blindings
were considered in the general GRADE composite. Regard-
less of these considerations, five studies (23%) were classi-
fied as having a low risk of bias and 9 (41%) had a high risk.
The other studies (36%) left some unclear points regarding
the methodology.

Quality of evidence

The evidence was considered moderate for general fatigue,
mainly due to methodological issues regarding allocation
and evaluation biases (Table 2). For physical fatigue, the
evidence was rated as low because, in addition to the biases
mentioned above, the number of patients involved was
smaller, as was the effect size. The grading of the quality
of the evidence was maintained even after the significant
reduction in heterogeneity promoted by the removal of the
two outlier studies.

Discussion

This meta-analysis gathered pertinent information both
concerning the effect and the components that structure the
physical rehabilitation used for the management of CRF dur-
ing the acute phase of cytotoxic anticancer treatment. From
interventions with different muscle overloads and effort
intensities, both general and physical fatigue were reduced.
Our results reinforce previous findings that indicate a greater

probability of the occurrence of this symptom in patients
who remain under the usual care routinely available in the
treatment of cancer. It also indicates that combined exercises
are more likely to relieve CRF, especially when using mod-
erate intensities. Furthermore, the meta-regression results
suggest that both the total number of sessions and the num-
ber of weekly sessions can provide additional relief in gen-
eral and physical fatigue. Similar results have been demon-
strated in previous systematic reviews, including patients on
anticancer treatment [ 13] and follow-up survivors [47-49].
In general, it was identified in these studies that the benefits
of physical exercise therapy on CRF are independent of the
therapeutic moment, as rest is not beneficial for the manage-
ment of CRF symptoms.

With different types of cancer included, different anti-
cancer protocols were applied. However, it is expected
that the triggering of fatigue arises from similar biologi-
cal mechanisms associated with anemia, hormonal imbal-
ance, cytokine production inflammation, changes in muscle
metabolism and reduced ATP synthesis [50, 51].

The variability of some results was considered moder-
ate/high in specific analyses. This implies different condi-
tions between the studies that can be attributed to the type
of primary tumor, the antineoplastic therapeutic approach,
the characteristics of the physical exercise program and the
lack of standardization in the evaluation of fatigue. Presum-
ably, these four aspects exert sufficient weight on the clinical
manifestation and measurement of fatigue to the point of
overcoming the strategy adopted to match the effect of the
intervention through the SMD. In addition, age, sex, and
overlapping comorbidities may still play an essential role in
the disparity of outcomes [52].

Table 2 Synthesis of the analysis of the quality of evidence based on the GRADE system

Population
Settings

Intervention

Patients undergoing cancer treatment with chemotherapy or radiotherapy or both
Clinical trail controlled by randomized control group

Physical rehabilitation with exercise

Control Patients undergoing usual care for cancer treatment with chemotherapy or radiotherapy or both
Outcomes No. SMD—Hedgs’ G P Prediction interval GRADE
participations(no. Adjusted (95% IC)
reports)
General fatigue 1.992 (23) —0.69 (—1.15t0—0.22) 87% —1.97 t0 0.59 XXXO
After sensitivity analysis corrections 1.872 (21) —-0.40 (-0.55t0-0.27) 40% —0.81 t0 0.01 MODERATED*
Physical fatigue 1.322 (14) —0.76 (- 1.13 t0o—0.39) 90% -2.22t00.71 XXOO
After sensitivity analysis corrections 1.268 (13) —042 (- 0.58t0-0.27) 25% —0.73 to—-0.11 LOW*

SMD, standardized mean difference; according to the guide proposed by Colditz GA and Miller JN (1998) [43] for interpreting the magnitude of
the SMD in the social sciences: small, SMD =0.2; medium, SMD =0.5: and large, SMD=0.8

“Downgrade one level for within-study of bias due to issues relating to the allocation concealment and blind of the outcome assessors for must

studies

"Downgrade one level for imprecision due to small number of participations
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Therefore, this lack of consensus or large variability on
the assessment of CRF may explain the technical difficulty
involved, especially when treating oncologic patients, who
are in multiple overlapping treatments [53]. The misper-
ception about the low disposition may be easily normal-
ized by patients, mainly because scales show important
variability and CRF is subjectively assessed on the mental
and physical questions, thus creating a barrier to the diag-
nosis of fatigue [12].

A meta-analysis compared the effect of pharmacologi-
cal, psychological, and physical rehabilitation treatments
on CRF. One hundred thirteen studies were included with
a total of 11,525 patients, with half of the sample involved
breast cancer exclusively. Exercise and psychological
intervention were effective in reducing fatigue during and
after cancer treatment and were better compared to avail-
able pharmacological options. The effect size of physi-
cal exercise on CRF was greater than pharmacological,
psychological treatment alone, and psychological treat-
ment combined with exercise [54]. The number of studies
analyzed was much higher than ours; however, part of the
volunteers included were in a phase of treatment where the
acute effects give way to the chronic effects of the antican-
cer treatment, eventually favoring the performance of the
patients in follow-up.

The late symptoms of CRF imply the participation of
different mechanisms in the side effects acutely induce by
cytotoxic therapy, which are usually associated with the
induction of fatigue in an intense and temporary cycle. The
results found in the meta-regression point to a significant
and inverse relationship between fatigue symptoms and the
number of weeks of rehabilitation. This behavior suggests
that acute onset fatigue goes through a moment of relief
before the later effects are more intense. Subjective analyses
such as fatigue are strongly linked to the patient’s expecta-
tion regarding the prospective clinical evolution, which in
the long-term may not manifest. However, the influence of
the cumulative effect of physical exercise on the perception
of fatigue symptoms cannot be completely ruled out, as the
studies included in this review prescribed exercises accord-
ing to clinical characteristics, which reduces the chances of
overtraining [55].

The components of the physical rehabilitation program
that characterize aerobic and resistance physical exercises
are naturally different. Among the protocols described in the
literature, there are many operational nuances, even between
structured programs with aerobic exercises. It was observed
that there was a predominance of structured protocols with
resistance and combined exercises, emphasizing that the
results obtained with exclusively resistance exercise were
more consistent and practically showed no heterogeneity,
indicating greater therapeutic uniformity regardless of the
clinical diversity in which they were used.

Although the projection of the probability of the effect
of physical therapy on CRF requires caution regarding the
variability of the incidence of these symptoms in the initial
phase of cytotoxic anticancer treatment, our findings cor-
roborate the study by Brown et al. (2011) [56], who dem-
onstrated that resistance exercise reduced CRF more than
aerobic exercise at any level of physical exertion. The 44
studies gathered 3,253 patients undergoing treatment with
different types of cancer in both the acute and chronic phases
of cytotoxic effects. The authors attributed the relief of CRF
to attenuation of the progression of muscle loss and mus-
cle metabolism enhancement adaptations. This relationship
explains the more favorable results observed in patients
exposed to resistance and combined exercise, since with aer-
obic exercise alone, there is little development of strength.
Presumably, this is the theoretical rationale manifested in
clinical practice through reports of relief from the feeling of
fatigue, but sufficient objective data to prove this correlation
in cancer patients is lacking.

In the secondary analyses carried out, our results support
the importance of moderate intensity because in addition to
being the most studied in this population, it was the one that
promoted more significant relief from general and physical
fatigue. The high heterogeneity between the studies limited
the precise definition of the most efficient protocol because
in addition to the operational differences, it is also necessary
to consider the sample heterogeneity. Another limiting fac-
tor might be linked to the low number of studies that used
high and light intensities. This imbalance denotes a certain
consensus among researchers regarding the risk/benefit ratio
attributed to the intensity of physical effort. In clinical prac-
tice, this can be interpreted as a positive sign toward consen-
sus building. On the other hand, the high relative number of
studies that used moderate intensity generates a mathemati-
cal distortion, giving greater weight and visibility to the size
of the effect of this intensity.

The acceptance and tolerance of effort seem are greater
for exercises with moderate intensity, especially in more
aggressive clinical situations, where the gain in strength
seems to increase self-esteem and vitality [56]. In addition
to the influence on fatigue, the authors also report that mod-
erate and intense physical exercises positively influence pain
relief, reduction of functional limitation, and subsequent
return to work. Compared to aerobic exercise, resistance
exercise is generally more intense, brief and potentially bet-
ter tolerated. The preference for the prescription of moderate
intensity resistance exercises may be linked to the expecta-
tion that with this muscle overload, there may be an increase
in muscle protein synthesis and a reduction in the rate of
development of sarcopenia [56-58]. Recently, was demon-
strated that lower-intensity exercises have a low effect on
the management of CRF [57]. Nonetheless, this statement
cannot be supported for the period of cytotoxic treatment,
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because few clinical trials have tested the exclusive effect of
low-intensity exercise.

Despite so many discrepancies between physical reha-
bilitation programs in the oncological scenario and fatigue
assessment tools, there is already some consensus regarding
the benefit of exercise for relieving CRF [ 12, 58]. However,
the expected effect size for symptom relief during the acute
phase of cytotoxic treatment remains unclear.

Although a comprehensive review of literature regardless
of cancer type and patients’ clinical stage issue, there remain
certain limitations that must be considered when interpret-
ing the results of this study. The patients included were in
chemotherapy or radiotherapy, were not in advanced clinical
stage, but would can presented contraindications for reha-
bilitation in this period. Moreover, the ECRs didn't show the
chemotherapy moment or the antineoplasic protocols used.
Compared with prior systematic reviews who addressed this
topic, we performed more detailed subgroup analyses in
accordance with rehabilitation intensity and volume. Thus,
our conclusions can provide a more meaningful reference for
clinical professionals to use in the oncology rehabilitation
but the clinical status of the patient needs to be considered
daily before starting the physiotherapy session, especially in
the presence of chemotherapy protocols that induce myelo-
suppression or severe cytopenia.

Conclusion

Physical exercise combined with moderate intensity pro-
moted more significant levels of general and physical fatigue
relief during the acute phase of cytotoxic treatment. The
data indicate that the number of total and weekly sessions
contribute to symptom reduction. However, after analyzing
the quality of the evidence, it is clear that the probability
of replicating these effects is moderate for the treatment of
general fatigue and low for physical fatigue, which justifies
the continuity of research.
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5 CONCLUSAO GERAL

O exercicio fisico € um dos principais recursos da fisioterapia para prevenir e
tratar diversas disfung¢des, ndo apenas fisicas, mas mentais e psicossociais. Os efeitos
do tratamento onco-hematolégico podem ser amenizados e tratados com este recurso
que possui grande potencial, desde que seja devidamente prescrito.

Os pacientes onco-hematolégicos mostram-se fragilizados em todos os ambitos,
por isso é essencial demonstrar a seguranga da utilizagdo do exercicio fisico na
reabilitacdo fisica. Quimioterapias de altas doses n&o impediram a realizagcdo dos
protocolos de intervengao. Entretanto, o curto periodo para aplicagao da reabilitagcao
somado ao procedimento do TCTH e todos os seus efeitos colaterais tornaram-se um
grande desafio para o incremento da FRC e do desempenho fisico. Apesar disso, foi
possivel prevenir a piora aguda relacionada ao TCTH, mantendo assim os valores da
avaliacao funcional da admissao hospitalar.

Nossos achados demonstram que mesmo em fases criticas do tratamento
antineoplasico citotoxico, o exercicio fisico com diferentes sobrecargas musculares
pode ser implementado tanto para prevenir repercussdes agudas do TCTH quanto para

melhorar a funcionalidade dos pacientes em outras fases do tratamento.
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6 IMPACTOS DO TRABALHO

Cientificamente realizamos os dois tipos de estudo com maior impacto
cientifico, uma revisao sistematica, que norteou condutas referente ao atendimento de
pacientes em tratamento citotdxico, e posteriormente um ensaio clinico randomizado
que conduziu diferentes modos de intervengdo na internacdo para o TCTH. Este
estudo apresenta impacto ndo apenas cientifico, mas assistencial, pois clinicamente
demonstrou ser uma realidade factivel para reabilitar pacientes submetidos a
tratamentos onco-hematoldgicos potencialmente agressivos, principalmente aqueles
com déficit de funcionalidade, forgca muscular periférica e queixas de fadiga. Os
diferentes modos de reabilitacio fisica podem ser incorporados na assisténcia sempre
correlacionando com medidas de viabilidade clinica e seguranga para o paciente. O
complexo cenario da onco-hematologia exige raciocinio clinico diario, e o0 exercicio
fisico € uma estratégia segura e eficaz para manejo de sintomas e repercussdes
fisicas e emocionais em diferentes periodos do tratamento.

Ainda que nao tenha sido possivel afirmar qual melhor modo de reabilitagéo
para os pacientes em TCTH, foi demonstrado que independente do tipo de exercicio,
podemos auxiliar para que este paciente tenha alta hospitalar com condi¢des fisicas
semelhantes a admissao e com grandes possibilidades de retorno as suas atividades

de vida diaria.
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