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RESUMO

SOUZA, N. C. S. Estudo da massa e qualidade muscular por tomografia computadorizada
em pacientes com cdancer colorretal. 2018. 125 f. Tese (Doutorado em Alimentagdo, Nutri¢do
e Satde) — Instituto de Nutri¢do, Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
2018.

A sarcopenia consiste em uma sindrome caracterizada pela redugdo de massa muscular
e da capacidade funcional e esta presente em enfermidades cronicas inflamatérias, como o
cancer, independente da faixa etaria. A prevaléncia de redugcdo de massa muscular em
pacientes oncologicos ¢ elevada e pode variar entre 20 a 70%. Desta forma, o presente estudo
teve como objetivo avaliar a validade dos métodos de avaliacdo da massa muscular em
pacientes com cancer colorretal. O primeiro artigo gerado a partir desta tese teve como
objetivo explorar os determinantes da mioesteatose e sua associagdo com os componentes da
fragilidade em pacientes com céncer colorretal. Esse estudo apresentou como principais
achados que a gordura corporal ¢ a velocidade da marcha foram os determinantes
significantes e independentes da mioesteatose ¢ que a mioesteatose estava associada a
fragilidade em pacientes obesos. No segundo artigo, o objetivo foi avaliar a massa muscular
de pacientes com cancer colorretal através da técnica da tomografia computadorizada (TC) na
regido da terceira vértebra lombar e também por métodos com alta aplicabilidade clinica,
sendo que a TC foi considerada o método de referéncia. Ademais, estabeleceu-se como
objetivos especificos avaliar: 1) a validade dos métodos utilizados na pratica clinica para
avaliacdo da massa muscular (area muscular do brago corrigida, circunferéncia da panturrilha,
massa muscular esquelética obtida pela impedancia bioelétrica e exame fisico de massa
muscular obtido a partir da avaliacdo subjetiva global produzida pelo paciente) em
comparagdo com a TC; 2) a associagdo entre a redugdo da massa muscular, avaliada por
diferentes métodos, e os parametros clinicos e de estado nutricional; 3) identificar qual
método substitutivo apresenta maior valor prognéstico para mortalidade no diagnodstico de
reduc@o de massa muscular. Os principais achados mostram que o exame fisico foi o método
com maior concordancia com a TC para avaliar a massa muscular. O grupo com redugio de
massa muscular avaliada por diferentes métodos apresentou maior prevaléncia de desnutricao
e menores valores de indice de massa corporal, gordura corporal ¢ angulo de fase. O modelo
de regressdo de Cox ajustado para idade, sexo e estadiamento mostrou que o exame fisico
apresentou maior valor preditivo para mortalidade entre os métodos investigados. Ademais,
notou-se que a prevaléncia de redugdo de massa muscular variou de 9,6 a 54,3%, a depender
do método utilizado para avaliar a massa muscular. Esses estudos sugerem a importancia de
se avaliar a massa e a qualidade muscular em pacientes com cancer, considerando sua
necessidade para o diagndstico da sarcopenia, na prevencdo de alteracdes do estado
nutricional e pela possibilidade de iniciar intervengdes terapéuticas mais precoces. Além
disso, métodos mais acessiveis na pratica clinica, como o exame fisico, apresentaram boa
concordancia com método ouro (TC) para a avaliacdo da massa muscular em pacientes com
cancer colorretal.

Palavras-chave: Cancer colorretal. Massa muscular. Mioesteatose. Sarcopenia. Tomografia

computadorizada.



ABSTRACT

SOUZA, N. C. S. Study of muscle mass and muscle quality assessed by computed tomography
in patients with colorectal cancer. 2018. 125 f. Tese (Doutorado em Alimentacdo, Nutrigdo e
Satde) — Instituto de Nutri¢do, Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
2018.

Sarcopenia is a syndrome defined as the concomitant condition of low muscle mass
and low muscle function that occurs with aging, as well as in chronic diseases, such as cancer.
Low muscularity is often observed in patients with cancer and its prevalence varies from 20 to
70%. The present study aimed to evaluate the validity of methods to measure muscle mass in
patients with colorectal cancer. The first study of this thesis aimed to explore the determinants
of myosteatosis and to investigate whether myosteatosis is associated with frailty components
in patients with colorectal cancer. This study showed that body fat and gait speed were the
significant and independent determinants of myosteatosis and that myostetatosis was
associated with frailty in obese patients. Considering computed tomography (CT) as a
reference method, the aim of the second study was to evaluate the muscle mass in patients
with colorectal cancer at the third lumbar vertebra region as well as by surrogate methods that
are suitable for clinical practice. In addition, this study also sought to investigate: 1) the
validity of methods used in clinical practice to evaluate muscle mass (mid-upper arm muscle
area, calf circumference, skeletal muscle mass assessed by bioelectrical impedance analysis
and muscle deficit by the physical examination from the patient-generated subjective global
assessment) compared with CT; 2) the association between different muscle measurements
with clinical parameters and nutritional status 3) to identify which substitute method shows
the highest prognostic value of low muscularity. The main findings of the second study
showed that physical exam was the method with higher agreement with CT to assess muscle
mass. Low Muscularity groups had higher proportion of malnourished individuals and lower
values of body mass index, body fat percentage and phase angle. The Cox regression models
adjusted for age, sex and tumor stage showed that physical exam had the highest hazard ratio
and C-statistic value among all methods investigated. In addition, the prevalence of low
muscle mass varied from 9.6 to 54.3%, depending on the method applied to evaluate muscle
mass. These studies corroborate the importance of assessing muscle mass and muscle quality
in patients with cancer, considering the relevance for the diagnosis of sarcopenia, the
prevention of nutritional disturbances and the possibility to apply early therapeutic
interventions. In addition, methods accessible for use in clinical practice, such as physical
exam, showed a good agreement with the gold standard method (CT) for the evaluation of
muscle mass in colorectal cancer patients.

Keywords: Colorectal cancer. Muscle mass. Myosteatosis. Sarcopenia. Computed

tomography.



RESUMEN

SOUZA, N. C. S. Estudio de la masa y calidad muscular por tomografia computarizada en
pacientes con cancer colorrectal. 2018. 125 f. Tese (Doutorado em Alimentagdo, Nutri¢do ¢
Satde) — Instituto de Nutri¢do, Universidade do Estado do Rio de Janeiro, Rio de Janeiro,
2018.

La sarcopenia es un sindrome caracterizado por la pérdida de masa muscular y capacidad
funcional. Aparece en pacientes con enfermedades inflamatorias cronicas, como el cancer,
independientemente de la edad. La prevalencia de pérdida de masa muscular en pacientes con
cancer es elevada y oscila entre 20 a 70%. De esta forma, el presente estudio tuvo como
objetivo analizar la validez de los métodos de evaluacion de la masa muscular en pacientes
con cancer colorrectal. El primer articulo de esta tesis tuvo como objetivo explorar los
factores associados con la mioesteatosis y la asociacion entre la miosteatosis y los
componentes de la fragilidad en pacientes con cancer colorrectal. Este estudio presenté como
principal conclusion que la gordura corporal y la velocidad de marcha estaban asociadas con
la mioesteatosis y que la misma estaba asociada con la fragilidade en obesos. Teniendo en
cuenta la tomografia computarizada (TC) como método de referencia, el segundo articulo
tuvo como objetivo estudiar la masa muscular en pacientes con cancer colorrectal a través de
la técnica de TC en la region de la tercera vértebra lumbar. Ademas, se establecid como
objetivos especificos evaluar: 1) la validez de los métodos utilizados en la practica clinica
para la evaluacion de la masa muscular (area muscular del brazo corregida, circunferencia de
la pantorrilla, masa muscular esquelética por impedancia bioeléctrica y la pérdida de masa
muscular obtenida a partir del examen fisico en la valoracion global subjetiva generada por el
paciente) en comparacion con la TC; 2) la asociacion entre la pérdida de masa muscular,
evaluada por diferentes métodos, y los pardmetros clinicos y de estado nutricional; 3)
identificar qué método sustitutivo presenta mayor valor prondstico de mortalidad para el
diagnéstico de la pérdida de masa muscular. Las principales conclusiones del segundo estudio
muestran que el examen fisico fue el método con mayor concordancia con la TC para evaluar
la masa muscular. El grupo con reduccion de masa muscular presentd mayor prevalencia de
desnutricion y menor indice de masa corporal, gordura corporal y angulo de fase. El modelo
de regresion de Cox ajustado por edad, sexo y el grado de la enfermedad mostrd que el
examen fisico presentd mayor valor predictivo de mortalidad entre los métodos investigados.
Ademas, se notd que la prevalencia de pérdida de masa muscular vari6 entre 9,6 y 54,3%,
dependiendo del método utilizado para evaluar la masa muscular. Estos estudios demuestran
la importancia de estudiar la masa y la calidad muscular en pacientes con cancer para el
diagnostico de la sarcopenia, para prevenir alteraciones del estado nutricional y para iniciar
intervenciones terapéuticas de forma rapida y efectiva. Finalmente, métodos mas accesibles
en la practica clinica, como el examen fisico, presentaron buena concordancia con el método
oro (TC) para la evaluacion de la masa muscular en pacientes con cancer colorrectal.

Palabras clave: Céancer colorrectal. Masa muscular. Mioesteatosis. Sarcopenia. Tomografia

computarizada.
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INTRODUCAO

O cancer ¢ uma enfermidade cronica que pode levar a redugdo da massa muscular,
decorrente tanto da diminui¢do da ingestdo alimentar, quanto do concomitante estado pro-
inflamatorio que leva a diminui¢do da sintese proteica e ao aumento do catabolismo proteico e
do gasto energético. Ademais, os sintomas ¢ efeitos colaterais provenientes do tratamento
instituido (como a cirurgia, a quimioterapia e a radioterapia) também contribuem tanto para a
reducdo da ingestdo alimentar quanto para o desenvolvimento do quadro pro-inflamatorio (1,
2). Esse quadro se manifesta de forma exacerbada nas neoplasias de intestino, como o cancer
colorretal, que por cursarem com obstrugdo intestinal, adicionam a esse conjunto a ma
absor¢ao de nutrientes (3).

Como consequéncia, a desnutricdo constitui uma das comorbidades mais frequentes
em pacientes com cancer colorretal, podendo ser maior do que nos demais tipos de cancer (4).
Estima-se que a prevaléncia de desnutri¢do no cancer colorretal seja de 20 a 50% a depender
do método empregado para se fazer o diagndstico e do estadiamento da doenga (4-6). Chama
atengdo que parte desses estudos mostra que o compartimento de massa muscular seja aquele
com maior comprometimento, mesmo nos estdgios mais avancados da doenca, quando se
observa que uma parcela dos pacientes cursa com sobrepeso ou obesidade (7-10). A redugdo
de massa muscular foi inicialmente chamada de sarcopenia, a qual estaria associada ao
envelhecimento (11). Contudo, desde a publicagdo de quatro consensos direcionados a
definicdo, etiologia e critérios diagnosticos de sarcopenia no ano de 2010 (12-15), a defini¢do
dessa sindrome foi revisada, sendo a sarcopenia estabelecida como uma sindrome
caracterizada pela redugdo concomitante de massa ¢ de fun¢do muscular, que ocorre com o
envelhecimento, mas que também pode ser secundaria as enfermidades consumptivas como o
cancer, independente da faixa etaria (12-15). Esses consensos alertam ao prognostico
desfavoravel da sarcopenia, que inclui piora da qualidade de vida, maior toxicidade a terapia
antineoplésica e aumento da mortalidade (7, 16, 17). No entanto, uma vez que a forca
muscular tem mostrado maior associagdo com a funcionalidade quando comparada a massa
muscular (18, 19), a comunidade cientifica despertou seu interesse para a avaliagdo da
qualidade muscular, que engloba a mioesteatose, em diversos grupos, incluindo aqueles com
enfermidades como o cancer (10, 20, 21). Neste contexto, a revisao do consenso de
sarcopenia do European Working Group on Sarcopenia in Older People (EWGSOP)
publicado em 2018 passa a priorizar a avaliagdo da forga muscular como primeira etapa do

processo de diagnostico da sarcopenia, sendo que a avaliagdo da massa ¢ da qualidade
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muscular deve ser realizada com intuito de se confirmar o diagnostico de sarcopenia (22).
Vale salientar que na revisdo desse consenso, o grupo de trabalho do EWGSOP (22) passou a
valorizar a reducdo da for¢a e funcionalidade muscular e trouxe a tona a discussdo da
qualidade muscular, assunto esse ndo abordado no consenso anterior.

Sendo assim, considerando que a avaliagdo da massa muscular faz parte do critério
diagnostico da sarcopenia e que a massa muscular ¢ um importante fator progndstico de
sobrevida em pacientes oncoldgicos, faz-se necessario o estudo dos métodos para sua
avaliagdo. Os métodos de imagem considerados padrio ouro na avaliagdo da composi¢dao
corporal, como a ressonancia magnética (RM) e a tomografia computadorizada (TC), apesar
de permitirem a avaliagdo da massa muscular e da mioesteatose, apresentam maior custo,
acesso limitado e necessidade de técnico especializado para operagdo dos exames, além de
expor o paciente a radiag@o, no caso da TC. Esse conjunto de fatores limita o emprego da RM
e da TC na pratica clinica (23). Em contrapartida, os métodos de menor precisdo como a
impedancia bioelétrica (BIA), a antropometria e o exame fisico inserido na avaliagdo
subjetiva global produzida pelo paciente (ASG-PPP), agregam caracteristicas de maior
aplicabilidade na pratica clinica, de forma que o seu desempenho em relagdo aos métodos de
maior precisdo devam ser investigados antes que os mesmos sejam adotados no ambiente

ambulatorial e hospitalar.
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1 REVISAO DE LITERATURA

1.1 Definicao e epidemiologia do cancer colorretal

Cancer ¢ o nome dado a um conjunto de mais de 100 doengas que tém em comum o
crescimento descontrolado de células que podem invadir tecidos e 6rgaos, podendo expandir-
se para outras regides do corpo (24). Do grego karkinos ou caranguejo, a palavra foi utilizada
por Hipocrates, que viveu entre 460 e 377 a.C, para descrever essa enfermidade caracterizada
pelo desenvolvimento de tumores malignos (24).

Atualmente, o cancer constitui uma das principais causas de morte. Para o ano de 2030
sdo estimados 21,6 milhdes de casos novos de cancer ¢ 13 milhGes de mortes, com maior
impacto nos paises em desenvolvimento (25). Em paises desenvolvidos, predominam os
canceres de pulmdo, mama, célon e reto, prostata e estomago (26). Devido a urbanizagao e
mudanca no estilo de vida de paises em desenvolvimento, o padrio estda mudando
rapidamente, ¢ vem-se observando um aumento progressivo nos canceres de pulmao, mama,
colon e reto (27). No entanto, ainda persistem os canceres relacionados as condicoes
socioecondmicas menos favoraveis, como colo do utero, estomago, figado e esdfago (27),
sendo os canceres de mama, colo de utero, pulmao, célon e reto e prostata os mais frequentes
(26).

No Brasil, segundo estimativas do Instituto Nacional de Cancer José Alencar Gomes
da Silva (INCA), espera-se para o biénio de 2018-2019 a ocorréncia de 600 mil casos novos
de cancer (28). Ademais, o cancer de pele do tipo ndo melanoma serd o mais incidente na
populacdo brasileira, seguido pelos tumores de prostata, mama, célon e reto, pulméo e
estomago (28). Ao avaliar a incidéncia dos tipos de cancer por sexo, os mais frequentes apos
o cancer de pele do tipo ndo melanoma serdo prostata (31,7%), pulmao (8,7%), célon e reto
(8,1%), estomago (6,3%) e cavidade oral (5,2%) em homens ¢ mama (29,5%), colon ¢ reto
(9,4%), colo do utero (8,1%), pulmao (6,2%) e tireoide (4,0%) em mulheres (28).

Dentre os tipos de cancer mais incidentes, o cancer colorretal refere-se aqueles
localizados no intestino grosso (o cdlon) e no reto (29) e se sobressaem por estarem
fortemente relacionados ao estilo de vida e ao habito alimentar, caracterizado pela elevada
ingestdo de carnes vermelhas e carnes processadas e baixa ingestdo de frutas, legumes e
verduras (25). Ademais, associa-se com a ocorréncia de sobrepeso e obesidade, inatividade
fisica, consumo de alcool e tabagismo (25). A historia familiar, a predisposi¢do genética ao
desenvolvimento de doengas cronicas do intestino e a idade também sdo fatores de risco para

o desenvolvimento desse tipo de cancer (25).
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Com relagdo ao tratamento e a sobrevida do cancer colorretal, os mesmos sdo
dependentes do estdgio da doenga (25). A cirurgia é a primeira opgdo de tratamento em
estagios iniciais (25). A radioterapia e a quimioterapia podem ser usadas como terapia
neoadjuvante, com intuito de redugdo da massa tumoral, ou como terapia adjuvante, com a
finalidade de reducdo das células tumorais residuais (25). Para pacientes com doenga
avancada, podem ser utilizadas a quimioterapia, terapia-alvo, ablacdo ou embolizagdo (25).
As taxa de sobrevida em cinco anos ¢ variavel de acordo com a regido do globo (20% - 60%)
(30), sendo que em estagios iniciais da doenca a sobrevida pode chegar a 90% (25). No
entanto, mesmo em paises desenvolvidos, menos da metade dos casos sdo diagnosticados
nesta fase devido a subutilizagdo dos métodos de rastreamento (30).

Os sintomas decorrentes do tratamento instituido, assim como dos efeitos diretos da
obstrucdo intestinal ¢ da ma absor¢do podem levar ao desenvolvimento da desnutricdo (3).
Segundo dados obtidos de 42 mil pacientes do programa nacional de melhoria da qualidade
cirirgica do colégio americano de cirurgides, a desnutri¢do no céncer colorretal ¢ frequente,
sendo maior do que nos demais tipos de cancer (4). Dessa forma, ferramentas de diagnostico
relacionadas ao desenvolvimento de desnutri¢do sdo importantes tanto para reversdo deste
quadro, quanto para fazer acompanhamento apds inicio da intervencdo nutricional e do

tratamento da doenga.

1.2 Desnutricio, caquexia e sarcopenia no cancer

A prevaléncia de desnutrigdo no paciente oncoldgico € elevada e pode variar entre 10 a
80% de acordo com os fatores relacionados a doenga (tipo, localizacdo e estagio do tumor), ao
tratamento (clinico ou cirurgico) e ao tipo de ferramenta utilizada na avaliagdo (5, 31-33). O
comprometimento do estado nutricional estd associado & menor resposta ao tratamento, a
piora da qualidade de vida, ao aumento do risco de complicagdes pds-operatdrias, ao tempo
de internacao e a mortalidade (5, 34-36).

As causas dos disturbios nutricionais como a desnutri¢do nesta populagdo sao diversas,
estando associadas a redugdo da ingestdo alimentar devido a anorexia, constipacdo intestinal,
nausea, xerostomia, disfagia, odinofagia, alteracdes do paladar e saciedade precoce.
Concomitante a esse quadro, observa-se causas ndo relacionadas a redugdo da ingestdo
alimentar como a ma absor¢do de nutrientes devido ao aumento das perdas nutricionais por
vOmitos e diarreia (37-39), ocorréncia de estado pré-inflamatdrio com aumento no gasto
energético e proteico decorrentes do proprio tumor, os quais suscetibilizam ainda mais o

desenvolvimento de desnutri¢ao (Figura 1) (40). Sendo assim, como a atividade inflamatoria
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faz parte da etiologia da desnutri¢do no cancer, o termo caquexia define com maior precisdo o
tipo de “desnutricdo” presente neste grupo de pacientes (13, 41). Apesar da caquexia
constituir causa direta de mortalidade em mais de 30% dos pacientes oncoldgicos (42), esta
sindrome ainda ¢ pouco identificada, devido a auséncia de uma definicdo padrdo que permita
o seu diagnostico (43-45).

Fearon et al. (2011) (46) definiram a caquexia neoplasica como uma sindrome
multifatorial caracterizada pela perda continua de massa muscular, associada ou ndo a perda
de gordura corporal. Contudo, a terapia nutricional convencional de forma isolada pode nao
ser efetiva para reverter o quadro de caquexia, o que pode levar ao comprometimento
progressivo da capacidade funcional. Os critérios diagnosticos estabelecidos para a caquexia
incluem: perda de peso superior a 5% nos ultimos seis meses, ou perda de peso superior a 2%
associada ao indice de massa corporal (IMC) inferior a 20 kg/m? ou a presenca de sarcopenia
(46).

O processo de caquexia neoplasica pode ser classificado em trés estagios: pre-
caquexia, caquexia e caquexia refrataria. O risco de desenvolvimento da caquexia é variavel
e depende do tipo e do estagio do tumor, da presenca de inflamagao sistémica e de anorexia,
além da falta de resposta a terapia antineoplasica. O estagio de pré-caquexia € caracterizado
pela presenca de anorexia, de alteragdes metabolicas e dos primeiros sinais clinicos, tais como
a perda de peso inferior a 5%. No estdgio da caquexia ocorre perda de peso continua
associada a redu¢do importante da ingestdo alimentar e ao estado pré-inflamatorio. No estagio
de caquexia refrataria adiciona-se o catabolismo intenso, falha da resposta ao tratamento,
baixo escore de desempenho e expectativa de vida inferior a trés meses (46).

Atualmente observa-se que os conceitos em torno do processo de desnutri¢do estdo
sendo discutidos (41, 47). O desafio esta em definir com mais clareza a nomenclatura, bem
como os critérios para a distingdo da desnutricao proteico-energética da caquexia. Isto tornaria
possivel um planejamento adequado da intervengdo nutricional, visando a recuperagdo do
estado nutricional, a reducido dos efeitos adversos decorrentes da doenca ¢ do tratamento e a
melhoria da qualidade de vida (48, 49).

Em paralelo, a sarcopenia, inicialmente definida como a perda de massa muscular
associada ao envelhecimento (11), também merece ser discutida em pacientes oncologicos.
Segundo Biolo et al. (2014) (2), enfermidades cronicas inflamatdrias, como o cancer, podem
levar ao desenvolvimento da sarcopenia, independente da faixa etaria. De fato, a prevaléncia
de sarcopenia, definida como a redu¢do de massa muscular avaliada por TC na regido
localizada no nivel da terceira vértebra lombar (L3) ¢é elevada em pacientes oncoldgicos e

pode variar entre 20 a 70% a depender do tipo de tumor, estadiamento da doenga e do ponto
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de corte utilizado para diagnosticar reducdo de massa muscular (3). Um diferencial desta
sindrome esta no fato da mesma se fazer presente de maneira associada ou nao a desnutricao
proteico-energética ou a caquexia ¢ até mesmo com o sobrepeso/obesidade (7-10). Dessa
forma, a sarcopenia deve ser entendida como um disturbio nutricional, mas também como
uma sindrome de reducdo importante de massa e forca muscular com efeitos adversos sobre a
qualidade de vida (47). Este conceito estd alinhado ao consenso de 2010, proposto pelo
EWGSOP onde a sarcopenia associada ao envelhecimento ¢ definida como a perda de massa
muscular, encontrada em idosos, associada a redugdo da forga muscular ou do desempenho
fisico (12). Nesse consenso, ¢ reconhecido que a sarcopenia esta relacionada aos fatores
causados pelo envelhecimento (sarcopenia primaria), ¢ também aos fatores secundarios como
a reducdo da atividade fisica, as doengas relacionadas a faléncia de orgdos, doencas
inflamatorias e enddcrinas, neoplasias e a ingestdo inadequada de energia e proteina (12).
Dentre os pacientes oncoldgicos, a prevaléncia de sarcopenia empregando o conceito que
integra a redu¢c@o de massa muscular e de funcionalidade ¢ pouco descrita na literatura e varia

de 10 a 30% a depender do tipo de tumor e faixa etaria (50-54).

Figura 1 — Etiologia dos distarbios nutricionais em pacientes oncologicos
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Fonte : O autor, 2018.
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Em 2018 foi publicado a atualizacdo do consenso de sarcopenia de 2010 do grupo de
trabalho do EWGSOP (22). Nesta revisao, a redu¢do da for¢ca muscular é considerada como
caracteristica chave da sarcopenia, uma vez que estudos tém mostrado uma maior associa¢ao
entre a forga muscular e eventos adversos relacionados a funcionalidade (18, 19), e prioriza a
avaliacdo da forca muscular como primeira etapa do processo de diagnostico da sarcopenia. A
avaliacdo da massa muscular ¢ recomendada em caso de redu¢do da forga muscular, com
intuito de confirmar o diagnostico de sarcopenia e, por fim, a avaliagdo do desempenho fisico
¢ indicada para a deteccdo da sarcopenia grave (22). Além disso, o EWGSOP considera a
avaliacdo da qualidade muscular como critério a ser incluido na etapa de diagnostico da
sarcopenia (22). A qualidade muscular se refere a um conceito relativamente novo e esta
associada as alteragdes micro e macroscOpicas na arquitetura e composi¢do muscular, ao
aumento da infiltragdo de gordura no musculo, conhecida como mioesteatose, as alteracdes no
metabolismo muscular, a fibrose e a ativacdo neuronal, que interferem na fun¢do muscular
(55). Até o momento, nao ha consenso sobre a utilizagdo de métodos de avaliagdo da
qualidade muscular na pratica clinica (22).

Em relacdo aos pontos de corte utilizados na determinagdo de reducdo da massa
muscular, os consensos recomendam a utilizacdo do valor abaixo de dois desvios-padrdao da
média para adultos jovens de uma populacdo de referéncia (12, 13, 15, 22). No entanto, a
validade de se empregar pontos de corte estipulados para uma populacdo diferente daquela
estudada é questionavel. Além disso, a maioria dos pontos de corte descritos nos consensos
foram desenvolvidos para populagdo idosa (12-15). Assim, considerando que a redugdo da
massa muscular pode estar presente em adultos, os pontos de corte utilizados para idosos
podem ser inadequados para o grupo de pacientes oncologicos. Dessa forma, ndo ha consenso
na literatura sobre qual o ponto de corte a ser empregado na avaliacdo da reducdo de massa
muscular em pacientes oncologicos pela TC, bem como por outros métodos.

Os critérios de diagnostico da sarcopenia incluem marcadores de funcionalidade, que
abrangem forca muscular e desempenho fisico, e marcadores de massa e qualidade muscular.
Considerando que a avaliacdo da massa muscular constitui um dos componentes para o
diagnostico de sarcopenia, e que ndo ha um consenso sobre qual o ponto de corte deve ser
utilizado nesta populacdo, vale discutir o comportamento de métodos com essa finalidade,
bem como os diferentes pontos de corte encontrados na literatura.

Em resumo, a desnutri¢do, caquexia e sarcopenia referem-se a distirbios nutricionais
distintos, porém com grande interseccdo de critérios diagnosticos como mostra a Tabela 1.

Além disso, também dividem desfechos comuns como a piora da qualidade de vida, o
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aumento do tempo de internacdo hospitalar, o aumento do risco de complicacdes pOs-
operatorias, a menor resposta ao tratamento, a maior toxicidade a terapia antineoplasica e o
aumento das taxas de mortalidade (5, 7, 16, 17, 34-36). Dessa forma, fica claro a necessidade
de investigar métodos que permitam seu diagnostico precoce ¢ sejam capazes de avaliar o

efeito de intervencdes nutricionais ¢ médicas.

Tabela 1 - Critérios para o diagnoéstico de desnutri¢do, caquexia e sarcopenia

Critérios diagnosticos Desnutrigao Caquexia Sarcopenia
Redugdo de gordura corporal X

Reducdo de massa muscular X X X
Reducao de forca muscular X
Redugdo de qualidade muscular e X

funcionalidade muscular

Fonte: o autor, 2018.

1.3 Métodos de avaliacio de massa muscular

Conforme descrito anteriormente, a avaliagdo da composicdo corporal em pacientes
oncolégicos ¢ de grande importincia para o diagnostico de desnutricdo, sarcopenia e
caquexia, que além de frequentes, associam-se com pior prognoéstico (56, 57).

O estudo dos modelos tedricos de composicdo corporal pode ser feito conforme
proposto por Wang et al. (1992) (58), o qual ¢ organizado em cinco niveis de complexidade
crescente: nivel atdmico (refere-se aos elementos e atomos que formam o corpo humano
como o oxigénio, hidrogénio, nitrogénio, carbono, calcio e foésforo), nivel molecular (jungdo
dos elementos formando compostos quimicos como a agua, lipidios, proteinas, minerais e
glicogénio), nivel celular (configuracdo dos compostos quimicos em células, fluidos e s6lidos
extracelulares), nivel tecidual/sistemas (organizacdo dos componentes celulares em tecido
adiposo, musculo esquelético, sangue, 0ssos, 0rgdos e sistemas) e nivel corporal (compreende
o tamanho, a forma e as caracteristicas fisico corporais tais como estatura e peso corporal)
(58) (Figura 2). Segundo este modelo, o peso corporal equivale a soma de todos os
componentes de cada nivel e, durante periodos de estabilidade (manuten¢@o do peso corporal)
observam-se proporgdes estaveis entre os componentes corporais (58). A forma mais usual de
proceder a quantificagdo ¢ com o uso de expressdes matematicas as quais relacionam os

compartimentos corporais entre si no mesmo nivel ou em niveis diferentes. Assim, cada nivel
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de composicdo corporal pode ser caracterizado por uma equagao algébrica, as quais servem de

base para formar os modelos de multicompartimentos corporais (59).

Figura 2- Niveis de composic¢ao corporal

Outros Outros Sbliths

Tul Outros

Hidrogénio

Sangue

Nivel atbmico Nivel molecular Nivel celular  Nivel tecidual/sistemas Nivel corporal

Fonte: adaptado de Wang et al., 1992 (58).

Os elementos do nivel atdmico sdo mensuraveis por técnicas como a analise de
ativacdo de néutrons. O principio que fundamenta o nivel atdmico para mensuragdo da
composicdo corporal se baseia na estreita relagdo entre os componentes quimicos e os tecidos
corporais. A medida de nitrogénio permite fazer o balango de nitrogénio que ¢ um indicador
do turnover proteico e a dosagem de calcio total ¢ um indicativo do conteido mineral. O nivel
molecular pode ser avaliado por meio da dosagem de agua corporal total, BIA e
absorciometria de duplo feixe de raios X (DXA). O nivel celular pode ser avaliado através da
dilui¢do de isotopos estaveis como a agua duplamente marcada. O nivel tecidual/sistemas ¢é
avaliado por meio de técnicas de imagem como a RM e a TC. Ja o nivel corporal é avaliado
por métodos como a antropometria (dobras cutaneas e circunferéncias) (58, 60). Dessa forma,
a organiza¢do por niveis de composi¢do corporal proposta por Wang et al. (1992) (58)
permitiu a leitura da composi¢do corporal por modelos multicompartimentais, o que
adicionou maior precisdo em sua aferi¢do. Para tanto, ¢ importante trazer a defini¢do quanto a
sua terminologia. Outro ponto conceitual que merece atencdo refere-se aos termos massa
magra e massa livre de gordura, por muitas vezes empregados erroneamente como sindnimos.
A massa magra, mais corretamente denominada tecido mole magro, se refere a soma da agua
e proteina corporal, carboidratos, lipidios da membana celular, e tecido mineral mole,
excluindo-se os compartimentos de gordura e conteido mineral 6sseo (Figura 3). A soma do
tecido mole magro e osso correspondem a massa livre de gordura. Pelo nivel tecidual, a massa

livre de gordura ¢ formada pelo musculo esquelético e ndo esquelético, orgios, tecido
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conjuntivo e 6sseo (Figura 3). A massa gorda e tecido adiposo sdo denominagdes similares,
uma em nivel molecular ¢ a outra em nivel tecidual, respectivamente. O tecido adiposo € um
tecido conjuntivo formado pelos adipocitos, fibras de colageno e elastina, fibroblastos e
capilares. J4 a massa gorda ¢ constituida por triglicerideos ¢ compde aproximadamente 80%

de tecido adiposo (23).

Figura 3 - Compartimentos corporais descritos pelo nivel
molecular e tecidual

Massa Tecido
gorda adiposo
Tecido Osso
0sseo

Tecido

Carboidratos MLG MLG

Nivel molecular Nivel tecidual

Legenda: MLG - massa livre de gordura; TMM - tecido mole magro.
Fonte: adaptado de Prado e Heymsfield, 2014 (23).

Dentre os métodos de referéncia utilizados na avaliagdo da massa muscular, a RM ¢ a
TC sdo considerados métodos precisos ¢ acurados por apresentar elevado grau de
especificidade na discriminagdo dos componentes da massa livre de gordura (musculo
esquelético e ndo esquelético, 6rgdos viscerais e 0sso) e o tecido adiposo (subcutaneo, visceral
e intramuscular) (60, 61). Além disso, a avaliacdo do contetido de gordura intramuscular
fornece informagdes adicionais a respeito da qualidade muscular (10). A RM tem como
principio a emiss@o de ondas de radio que incidem sobre os nticleos de hidrogénio corporais,
submetidos a um campo magnético, o que geram imagens do tecido (60). Esta técnica tem a
vantagem de ndo utilizar radiagdo. No entanto, o alto custo, o acesso limitado e a dificuldade
técnica limitam seu uso (23). A técnica da TC consiste na atenuacdo dos raios X, de acordo
com as diferentes densidades de cada tecido (60). Semelhante a RM, essa técnica se
caracteriza por elevado custo, acesso limitado e dificuldade técnica, o que limita o seu

emprego para avaliacdo exclusiva da composic¢do corporal (23).
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Particularmente nos pacientes oncoldgicos, os exames de TC sdo realizados com a
finalidade de estadiamento tumoral e de monitoramento da resposta ao tratamento, o que torna
conveniente a sua utilizagdo também para a avaliagdo da composicdo corporal. No entanto, a
maioria dos exames de TC realizados nesse grupo de pacientes contemplam regides corporais
especificas. Em um estudo com individuos saudaveis, Shen et al. (2004) (62) encontraram boa
correlacdo dos valores de massa muscular ¢ adiposa da regido lombar, obtidos através dos
exames de RM, com as respectivas reservas corporais (62). Em 2008, Mourtzakis et al. (63)
demonstraram em pacientes com tumor de célon e pulméo avangado que a massa muscular e
adiposa quantificada na regido localizada ao nivel de L3, através do exame TC, apresentou
forte correlacdo com os valores de massa livre de gordura e de gordura corporal avaliados
pelo DXA (63). Em razdo desses achados, alguns trabalhos em pacientes oncoldgicos tém
empregado a TC na avaliagdo da massa muscular (7-9), o que tem permitido o emprego da TC
para avaliacdo de sarcopenia na area da pesquisa clinica. Neste contexto, o EWGSOP
reconhece avaliacdo da massa muscular através da TC ao nivel de L3 como um dos métodos
de avaliagdo da massa muscular em pacientes oncoldgicos (22). Contudo, conforme exposto
acima, ndo ¢ possivel expandir o emprego da TC para o ambito da pratica clinica, uma vez
que esse equipamento apresenta elevado custo, requer técnico especializado, além de expor o
paciente a radiagdo (23). Dessa forma, faz-se importante explorar métodos de avaliacdo de
massa muscular que possam ser expandidos para uso ambulatorial e hospitalar.

A DXA constitui outro método de avaliagdo de imagem corporal que tem como
vantagem a TC a exposi¢do a menor radiagdo, menor custo, maior rapidez, além de permitir
avaliacdo da composi¢do corporal de corpo inteiro com analise segmentar (bragos, pernas e
tronco) dos compartimentos corporais (23). Através de tecnologia da avaliagdo da atenuacdo
de duplo feixe de raios X, o aparelho € capaz de determinar a densidade Ossea e as
quantidades de tecido mole magro e gordo com acuracia adequada (60). Apesar de suas
vantagens em relacdo a TC, a DXA ndo ¢ um equipamento portatil, além de ter alto custo
operacional, o que inviabiliza o seu uso em estudos epidemiologicos e na pratica clinica (12).

Dentre os métodos de avaliagdo da composi¢do corporal mais utilizados na pratica
clinica, destaca-se a BIA. O principio dessa técnica baseia-se nos diferentes niveis de
condugdo elétrica dos tecidos biologicos expostos a uma corrente elétrica de baixa
intensidade. Nesse caso, pode-se comparar o corpo humano a um circuito elétrico composto
por uma resisténcia (4gua e massa livre de gordura) em série com um condensador
(membranas celulares e gordura). Os fluidos intra e extracelulares comportam-se como

condutores, enquanto as membranas celulares atuam como elementos capacitantes (64). Dessa
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forma, pode-se estimar a quantidade de agua corporal, e, admitindo valores constantes, a
propor¢do de massa livre de gordura e gordura corporal (60). A BIA é considerada um
método de composi¢do corporal rapido, pratico e de baixo custo. No entanto, o estado de
hidratagdo, individuos com valores de IMC extremos (IMC < 16 kg/m? ou > 34 kg/m?), a
equacdo empregada, bem como o protocolo e equipamento utilizados podem influenciar em
seus resultados (65, 66). Além disso, Mourtzakis et al. (2008) (63) mostraram baixa precisao
na avaliagdo da massa livre de gordura em pacientes oncologicos comparado ao DXA (63).
Por esse motivo ¢ importante investigar equacdes que apresentem bom desempenho para
avaliacdo de massa muscular em comparagdo aos métodos de referéncia. O EWGSOP
publicado em 2010 (12) propde o emprego da avaliacdo da massa muscular esquelética
(MME) a partir de uma equagdo que emprega os valores de resisténcia, aferidos diretamente
pela BIA, além de varidveis como estatura, género e idade (67). Desconhecemos até o
momento estudos que tenham testado o uso dessa equacdo em pacientes oncoldgicos em
relacdo a um método de referéncia. Giglio et al. (2018) (68) mostrou que a massa muscular
esquelética estimada através da equacdo de Janssen (67) apresentou concordancia moderada
com a massa muscular avaliada pela TC ao nivel de L3 em pacientes com doenga renal
cronica em tratamento ndo dialitico (coeficiente kappa: 0.41, sensibilidade: 57,1%,
especificidade: 85,1% para homens; coeficiente kappa: 0,39, sensibilidade: 55%,
especificidade: 84,4% para mulheres).

As medidas antropométricas também constituem outra alternativa de baixo custo e de
facil aplicagdo na rotina clinica. Para a mensura¢do de massa muscular diversas medidas
foram avaliadas como, por exemplo, a area muscular do braco corrigida (AMBc), a
circunferéncia da panturrilha e a espessura do misculo adutor do polegar (2, 12, 69). Segundo
o EWGSOP publicado em 2010, a circunferéncia da panturrilha constitui a medida com
melhor correlagdo com a massa muscular em idosos (12). Em mulheres com cancer
ginecologico, Laky et al. (2008) (70) relataram forte correlacdo entre a AMBc com o
conteido de potassio corporal total. Contudo, as medidas antropométricas podem sofrer
influéncia de fatores nao nutricionais, como o desequilibrio de fluidos e da massa tumoral e,
por isto, sua utilizacdo tem sido questionada (66). Ademais, a variabilidade inter e intra-
avaliadores pode reduzir a precisdo das medidas e, portanto, ¢ de grande importancia a
padronizacdo da técnica, bem como o treinamento dos avaliadores, buscando, assim, maior
precisdao das medidas. Outra medida de alta aplicabilidade na pratica clinica, mas que tem sido
pouco explorada como uma alternativa para avaliagdo da massa muscular em pacientes

oncologicos ¢ o exame fisico de déficit de massa muscular inserido na ASG-PPP (71). Por se
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tratar de um método subjetivo, a avaliagdo do exame fisico da massa muscular tem sua
precisao dependente da experiéncia do avaliador. Essa limitagdo, contudo, pode ser
parcialmente contornada pelo treinamento adequado e cuidadoso do avaliador com
pareamento das medidas para avaliagdo da concordancia inter e intra-avaliadores. Em
pacientes oncologicos, nenhum estudo at¢é o momento comparou o desempenho do exame
fisico de massa muscular com outros métodos de maior precisdo para esse fim. Ao nosso
conhecimento, ha trabalhos que compararam a classificagdo global da ASG-PPP com a
avaliagdo da massa muscular pela TC para o diagnéstico de desnutrigdo em pacientes
oncoldgicos (56), mas que difere da avaliacdo do desempenho do exame fisico de massa
muscular da ASG-PPP. Raeder et al. (2018) (72) em um estudo com 97 pacientes com cancer
colorretal ndo metastatico identificaram 64% de sensibilidade e 78% de especificidade do
exame fisico contido na ASG-PPP em relacdo a massa livre de gordura estimada pela BIA
(72). Em pacientes com doenga renal cronica em tratamento nao dialitico, o exame fisico ndo
apresentou boa concordancia com a massa muscular avaliada pela TC ao nivel de L3 (68).
Este resultado pode ser atribuido a possivel influéncia do edema na avaliagdo do déficit
muscular neste grupo de pacientes (73). Considerando a praticidade da avaliacdo do exame
fisico, investigagdes que foquem na avaliagdo do seu desempenho para avaliagdo da massa
muscular certamente adicionariam importante conhecimento para a rotina clinica do

nutricionista.

1.4 Mioesteatose e capacidade funcional

A qualidade muscular esta associada a alteragdes musculares que incluem a infiltragdo
de gordura no musculo, conhecida como mioesteatose, a qual se refere ao depdsito de gordura
localizado no interior do musculo, sob a fascia e entre as fibras musculares (55). Nos ultimos
anos, a mioesteatose emergiu como um importante fator relacionado a capacidade funcional
em idosos (74-76). Ao contrario do que se acreditava a respeito da relagdo positiva entre a
massa e funcdo muscular, estudos recentes mostram que a mioesteatose esta fortemente
associada a capacidade funcional, independentemente da area muscular (20, 74, 75, 77). Tal
achado pode ser explicado pelo fato da mioesteatose diminuir a area contratil do musculo e
influenciar negativamente o desempenho muscular (77).

A mioesteatose também tém sido descrita em condi¢des clinicas como diabetes,
obesidade, doenga pulmonar obstrutiva cronica, cirrose, doenga renal crénica e cancer (10,

78-81) e esta associada ao aumento de complicacdes pods-operatérias ¢ diminui¢do da
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sobrevida em pacientes oncologicos (10, 82-84). Apesar dos mecanismos moleculares
envolvidos na reducdo de massa muscular relacionada ao cancer ndo estarem totalmente
elucidados, evidéncias sugerem o papel crucial do aumento da degradagdo proteica e inibigdo
da sintese proteica, levando a um balango proteico negativo (1), além da infiltragdo patologica
de gordura intramuscular (10). No entanto, estudos demonstram que a reducdo de massa
muscular ¢ a miosteatose representam fendtipos clinicos distintos (21). Embora pouco
conhecida, a mioesteatose reflete 0 comprometimento da sintese e eliminagao de triglicerideos
e pode estar associada a resposta inflamatdria sist€émica em pacientes com cancer (85). Na
obesidade, os mecanismos fisioldgicos relacionados a mioesteatose incluem alteragdes na
estrutura e na fungdo mitocondrial, alteracdo no metabolismo de acidos graxos, regulagdo
positiva da atividade de macrofagos e células T e secre¢do de citocinas pro-inflamatérias que
induzem inflamagdo muscular com consequente aciimulo de gordura no musculo (86, 87).
Apesar de serem entidades distintas, a redu¢do de massa muscular ¢ a mioesteatose quando
ocorrem concomitantemente podem conferir efeito adicional no prognoéstico clinico do
paciente oncologico (21).

A bidpsia muscular pode ser considerada um método direto de avaliagdo do conteudo
de triglicérides musculares, porém por ser um método invasivo, seu emprego, mesmo no
ambito da pesquisa clinica, ¢ dificultado. J& os métodos de imagem, como a TC e a RM,
emergem como op¢ao mais viavel em diversas pesquisas clinicas como cancer. Ambos tém
sido empregados na avaliagio da mioesteatose através da quantificagio da gordura
intramuscular e do calculo da atenuacdo muscular (23), o qual se refere ao valor médio de
radiodensidade do tecido muscular e esta associada a infiltragdo de gordura no musculo (78).

Em suma, o cancer ¢ uma enfermidade caracterizada pelo aumento da producdo de
citocinas pro-inflamatorias que podem levar a reducdo da massa muscular, a mioesteatose e
ao desenvolvimento da sarcopenia. Levando em consideracdo a alta prevaléncia de distirbios
nutricionais caracterizados pela perda de massa muscular, o comprometimento da forca e
funcionalidade do musculo e piora da qualidade muscular, e também pelo importante papel no
pior progndstico de sobrevida do paciente oncologico com tais disturbios nutricionais, torna-
se imprescindivel a investigagdo de métodos de avaliagdo composicdo corporal, com énfase

em massa muscular, em pacientes com cancer colorretal.
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar a validade dos métodos de avaliacdo da massa muscular utilizados na pratica
clinica em comparagdo com a tomografia computadorizada em pacientes com cancer

colorretal.

2.2 Objetivos especificos

- Descrever a massa muscular, a infiltracdo de gordura intramuscular e atenuacdo
muscular pela técnica de tomografia computadorizada na regido da terceira vértebra lombar;

- Avaliar a validade dos métodos de avaliacdo da massa muscular aplicados na pratica
clinica (4rea muscular do brago corrigida, circunferéncia da panturrilha, impedéncia
bioelétrica e exame fisico de massa muscular contido na avaliagdo subjetiva global produzida
pelo paciente) em comparagdo com a massa muscular avaliada pela tomografia
computadorizada;

- Avaliar a associacdo entre os diferentes métodos de avaliagdo da massa muscular
com parametros clinicos ¢ de estado nutricional,

- Identificar qual o método de avaliagdo da massa muscular apresenta maior valor
prognostico para mortalidade no diagnostico de reducdo da massa muscular;

- Avaliar a prevaléncia de reducdo da massa muscular pela técnica de tomografia
computadorizada e pelos métodos substitutos de avaliagdo da massa muscular;

- Explorar os determinantes da mioesteatose;

- Avaliar a associagdo entre a capacidade funcional e a fragilidade com os parametros

de qualidade muscular (gordura intramuscular e atenuagdo muscular).
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3 CASUISTICA E METODOS
3.1 Delineamento, individuos e local do estudo

O trabalho consiste em um estudo de desenho observacional e longitudinal com uma
amostra de conveniéncia composta por pacientes com diagnostico de tumor colorretal
atendidos no Hospital do Céancer I (INCA 1) durante o periodo entre Abril de 2015 a Junho de

2016.

3.1.1 Critérios de inclusdo

Individuos de ambos os sexos, idade igual ou superior & 18 anos, com diagndstico de
neoplasia colorretal, independente do estadiamento da doenga, com exame de TC ao nivel da
regido de L3, que aceitaram participar do estudo e assinaram o Termo de Consentimento

Livre e Esclarecido (TCLE) (Apéndice A).

3.1.2 Critérios de exclusdo

Individuos portadores de marca-passo, com performance status superior a trés,
segundo a escala do Eastern Cooperative Oncology Group (88), com diagndstico de cancer de
canal anal, tumor sincrénico, com mais de um tipo de tumor primario, doeng¢a renal cronica,
insuficiéncia cardiaca congestiva ou cirrose hepatica descompensada, cadeirantes e que
apresentavam amputacao de algum membro.

Dos 204 pacientes incluidos no estudo, 5 pacientes com diagnodstico de cancer de canal
anal, 3 com tumor sincrénico e 2 com mais de um tipo de tumor primario foram excluidos

totalizando 194 pacientes com diagndstico de neoplasia colorretal.

3.2 Protocolo do estudo

Os pacientes com neoplasia colorretal agendados para realizagdo do exame de TC ao
nivel da regido de L3 no INCA I entre Abril de 2015 a Junho de 2016 foram selecionados
para parcipar do estudo. No dia do exame, os pacientes selecionados foram convidados a
participar do estudo e aqueles que consentiam, assinavam o TCLE (Apéndice A). Os

pacientes chegavam ao local do exame em jejum de 8 horas (dgua e medicagdo eram
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mantidos) e apdés o exame de TC era realizada a avaliagdo do estado nutricional, da
composi¢do corporal e da fungdo muscular. As variaveis foram coletadas por meio de uma
ficha de coletas de dados (Apéndice B). Entre 7 a 30 dias ap6s o exame de TC, conforme data
de agendamento da consulta médica, o paciente retornava em jejum de 8 horas para coleta de
sangue ¢ analises laboratoriais (Figura 4). Os primeiros 200 pacientes que aceitaram a

participar do estudo e atendiam aos critérios de elegibilidade foram incluidos no estudo.

Figura 4 - Desenho experimental para a coleta de dados
(7 - 30 dias)

EXAME DE TC COLETA DE SANGUE

I g B

Exames laboratoriais

Avaliacio nutricional

Composicio corporal l
Func¢ao muscular

_l - Albumina
- PCR-us
- Antropometria

- ASG-PPP

- Creatinina

- Impedancia bioelétrica
- Forga de preensdo manual

- Teste de velocidade da marcha

Legenda: ASG-PPP: Avaliagdo subjetiva global produzida pelo paciente; TC: Tomografia
computadorizada; PCR-us: proteina C-reativa ultrassensivel.
Fonte : O autor, 2016.

Na historia clinica foram coletados dados de anamnese, como idade, género, tempo de
doenga, tratamento prévio e atual, estadiamento clinico, performance status, comorbidades,
uso de medicamentos, historia familiar de cancer em formulario préprio (Apéndice B) através
das informagdes obtidas em prontuario. Em relagdo a histéria social foram realizadas

perguntas a respeito da renda familiar, escolaridade, estado civil e raga.
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3.3 Avaliacio nutricional

3.3.1 Avaliacio antropométrica

O peso corporal foi aferido em balanga digital da marca Filizola® (Filizola, Brasil)
com capacidade maxima de 180 kg, em escala de 0,1 kg, com o paciente em pé, posicionado
no centro da plataforma da balanca, vestindo roupas leves e sem calgados. A estatura foi
verificada utilizando-se o estadidmetro anexado a balanga, com capacidade de 2 m e escala
em centimetros, com o paciente descalgo, em posicao ereta e calcanhares juntos. A partir dos
dados de peso e estatura, o IMC foi calculado através da formula peso/estatura? (kg/m?) e
classificado segundo o intervalo de referéncia estipulado pela Organizacdo Mundial de Satude
(89).

A circunferéncia do brago (CB) foi medida com fita métrica inextensiva e inelastica,
com comprimento de 150,0 cm e precisdo de 0,10 cm, com o brago nao dominante relaxado e
voltado para a coxa, entre o ponto médio entre o processo acromial da escapula e a articulagdo
umero radial. A prega cutanea tricipital (PCT) foi aferida com adipometro (Lange®, EUA),
com leitura de 1,0 mm, na regido anterior do braco, no mesmo ponto da CB. As medidas
foram feitas em triplicata para o calculo da média. Os valores de CB e PCT foram utilizados
no céalculo da AMBc¢ por meio das formulas: AMBc (cm?): [CB (cm) — (n x PCT (cm))]*/4n -
10cm? para homens e AMBc (cm?): [CB (cm) — (z x PCT (cm))]?/4n - 6,5¢cm? para mulheres

(90). A medida da circunferéncia da panturrilha foi aferida na area de maior diametro da
panturrilha com o individuo sentado em uma cadeira com a perna flexionada a 90° com o

auxilio de fita métrica inelastica.

3.3.2 Avaliacio subjetiva global produzida pelo paciente (ASG-PPP)

O instrumento foi aplicado por um unico avaliador o qual passou por treinamento
prévio. O instrumento ¢ dividido em duas partes (Anexo A). A primeira é respondida pelo
paciente ou cuidador e envolve questdes sobre perda de peso, alteragdes na ingestdo alimentar
e na capacidade funcional e sintomas que possam interferir no consumo alimentar como perda
de apetite, alteragcdes do paladar, nduseas e vOmitos. Na segunda parte, o avaliador atribui
pontos as comorbidades associadas, aos fatores relacionados ao diagnostico e ao tratamento
que aumentam a demanda metabodlica. O exame fisico é direcionado a avaliagdo da reserva

muscular e adiposa e a presenca de edema e ascite. Ao final da avaliacdo, os individuos sdo
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classificados em A - bem nutrido; B — risco nutricional ou desnutricio moderada ¢ C —
desnutricdo grave e ¢ calculada a pontuagdo (71). Na avaliacdo do exame fisico da massa
muscular foi considerado como déficit de massa muscular a deplecdo leve, moderada ou grave
(pontuacdo +1, +2 e +3 do exame fisico, respectivamente). A pontuagdo “0” foi considerada

como auséncia de deple¢do de massa muscular.

3.4 Avaliacio da composicio corporal

3.4.1 Tomografia computadorizada (TC)

Em relacdo ao exame de TC, a massa muscular (musculos psoas, sacroileolombar,
quadrado lombar, transverso abdominal, obliquo interno e externo e reto abdominal) e adiposa
(gordura subcutanea, visceral e intramuscular) foram avaliadas através das imagens
localizadas ao nivel da regido L3. O software Slice-O-Matic, versdo 5,0, (Tomovision,
Montreal, Canada) foi utilizado no calculo das areas correspondentes de acordo com os
valores de atenuagdo de cada tecido estimada pela escala de Hounsfield (de -29HU a +150HU
para musculo, de -190HU a -30HU para gordura subcutanea e intramuscular e de -150HU a -
50HU para gordura visceral) (63) (Figura 5). A area muscular foi normalizada pelo estatura ao
quadrado (m?) e relatada como indice de massa muscular esquelético lombar (IMMEL)
(cm?/m?). A atenuagdo muscular também foi avaliada através do calculo do valor médio da

radiodensidade do musculo esquelético.

Figura 5 — Imagem do corte da terceira vértebra lombar pela técnica da
tomografia computadorizada com a descricdo dos tecidos de massa
muscular, gordura intramuscular, subcutanea e visceral

- Massa muscular
- Gordura intramuscular
- Gordura subcutinea

Gordura visceral

.

Fonte: O autor, 2018.
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3.4.2 Impedancia bioelétrica (BIA)

A BIA foi realizada pelo aparelho tetrapolar de frequéncia unica RJL®, modelo
Quantum II, (RJL Systems®, EUA) com aplicacio de corrente elétrica de 800 pA e freqiiéncia
de 50 kHz. As medidas foram feitas com o individuo deitado na posi¢do supina, com o0s
bracos e as pernas afastados a 30° em relagdo ao tronco. Um eletrodo foi fixado no dorso da
mao direita, proximo a articulacdo metacarpofalangeana, e, o outro, no pulso entre as
proeminéncias distais do radio e da ulna. Os outros dois eletrodos foram colocados no dorso
do pé direito proximo ao arco transverso e entre os maléolos medial e lateral do tornozelo. O
valor da estatura (cm) e da resisténcia (ohms) foram utilizados na estimativa da MME por
meio do modelo de regressdo proposto por Janssen et al. (2000) (37), ajustada por sexo (0 =
feminino; 1 = masculino) e idade (anos): MME (kg) = [(estatura®/resisténcia x 0,401) + (sexo
x 3,825) + (idade x — 0,071)] + 5,102. A MME foi normalizada pelo estatura ao quadrado

(m?) e relatada como indice de massa muscular esquelétic IMME) (kg/m?).

3.5 Avaliagdo da capacidade funcional

3.5.1 Avaliacio da forca muscular

A avaliagdo da for¢a muscular foi realizada através da avaliacdo da forga de preensdo
manual utilizando o dinamdmetro hidraulico da marca Jamar® (Sammons Preston®, EUA). Os
pacientes executaram o teste em posicao sentada, com o cotovelo flexionado em angulo de
90°, antebraco e pulso em posicdo neutra. A manopla do dinamometro foi ajustada
individualmente de acordo com o tamanho das maos de forma que a haste mais proxima do
corpo do dinamdmetro fosse posicionada sobre as falanges médias dos dedos indicador,
médio e anular. Os individuos foram orientados a realizar trés contragdes isométricas
maximas, com um intervalo de aproximadamente um minuto entre as medidas. Foram obtidas
trés medidas de cada mao (dominante ¢ ndo dominante) e utilizada a maior medida obtida

para cada uma das maos (91).

3.5.2 Avaliacdo do desempenho fisico

O desempenho fisico foi avaliado através do teste de velocidade da marcha. Era

solicitado ao paciente que caminhasse em seu passo habitual uma distancia de 4,6 metros.
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Eram cronometrados os tempos das duas caminhadas (ida e volta), com intervalo de

aproximadamente 15 segundos cada uma, e considerado o menor tempo de caminhada (91).

3.6 Exames laboratoriais

Consistiu nas dosagens séricas de proteina C-reativa ultrassensivel (PCR-us),
albumina e creatinina. A PCR-us foi avaliada através do método turbidimétrico, a albumina
pelo método verde de bromocresol e a creatinina pelo método colorimétrico de Jaffé
modificado. Os exames laboratoriais em questdo foram realizados na rotina do
acompanhamento clinico do paciente, usando kits especificos, segundo padroniza¢do do

laboratério de patologia clinica do INCA 1.
3.7 Critérios de avalia¢cao de reducao de massa muscular

A redugdo de massa muscular foi avaliada por meio da AMBc, circunferéncia da
panturrilha, BIA, ¢ TC e exame fisico de massa muscular contida na ASG-PPP. Os pontos de

corte utilizados para definir redu¢do de massa muscular a partir dos métodos acima seguem

descritos na Tabela 2.

Tabela 2 - Métodos e pontos de corte para definir reducdo de massa muscular

Métodos Pontos de corte Referéncia
Tomografia computadorizada
Homem IMMEL < 44,7 cm*/m? (92)
Mulher IMMEL < 32,8 cm?/m?
Impedéincia bioelétrica
Homem IMME < 10,76 kg/m? (12)
Mulher IMME < 6,76 kg/m?
Area muscular do braco corrigida
Homem <21,4 cm? (93)
Mulher <21,6 cm?
Circunferéncia da panturrilha 94)
Homem <34 cm
Mulher <33 cm
Exame fisico ASG-PPP Déficit massa muscular: +1, +2 ou +3 (71)

Legenda: IMMEL: Indice de massa muscular esquelético lombar; IMME: Indice de massa muscular esquelético; IMC:
Indice de massa corporal; ASG-PPP: Avaliagdo subjetiva global produzida pelo paciente.

* Os pontos de corte para massa muscular ao nivel da terceira vértebra lombar estipulados baseiam-se nos valores de
IMMEL no percentil 10 de uma populagdo caucasiana saudavel (92)
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3.8 Critérios para definicio de sarcopenia

Foram empregados os critérios propostos pelo EWGSOP publicado em 2010 (12), o
qual define sarcopenia como a reducdo concomitante de massa muscular e capacidade
funcional. De acordo com esse consenso, a sarcopenia ¢ definida como reducdo da massa
muscular associada a diminui¢do da forca muscular ou do desempenho fisico. (12). Foram
utilizados como pontos de corte indicativos de reducdo de massa muscular, os valores de
indice de massa muscular esquelético lombar propostos por Martin et al. (2013) (10) (homens:
< 43 ¢cm?/m? para IMC < 24,99 kg/m? ¢ < 53 cm?/m? para IMC > 25 kg/m?; mulheres: < 41
cm?/m?). A redugdo for¢a de preensdo manual foi definida como inferior a 30 kg para os
homens e inferior a 20 kg para as mulheres. A reducdo de velocidade da marcha foi definida
como inferior a 0,8 m/s (12). Vale ressaltar que ndo foram empregados os critério propostos
pelo EWGSOP revisado e publicado em 12 de outubro de 2018 (22), pelo fato das analises
terem sido feitas a partir de Abril do ano corrente e a submissao a publicagdo do manuscrito

em Agosto.

3.9 Fendtipo de fragilidade

Foi utilizado o fenotipo de fragilidade definido por Fried et al. (95) como a presenca
de pelo menos trés dos seguintes critérios: 1. perda de peso ndo intencional (> 3 kg no ano
ultimo ano); 2. diminuicdo da forca de preensdo manual (20% dos valores mais baixos de
forca de preensdo manual da amostra, ajustados por sexo ¢ IMC); 3. diminui¢do da velocidade
de marcha (20% dos valores mais baixos de velocidade de marcha da amostra, ajustado para
sexo e altura); 4. baixo nivel de atividade fisica (definido como o mais baixo quintil de
atividade fisica avaliada pelo questionario internacional de atividade fisica versdo reduzida
(96), de acordo com o sexo,); 5. Fadiga autorelatada (identificado por duas questdes da escala

de depressdo do Centro de Estudos Epidemiologicos) (97).

3.10 Sobrevida

O acompanhamento de sobrevida foi obtido a partir dos dados do prontuario eletronico
ap6s um ano da inclusdo do ultimo paciente (tempo de acompanhamento - mediana: 17
meses; intervalo interquartil: 12 a 23 meses). O tempo de sobrevida foi definido como tempo

desde a inclusdo no estudo até a morte e registrado em nimero de meses. Pacientes que ainda
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estavam vivos e os casos de perda de acompanhamento, mudanca de cidade ou de centro de

tratamento e alta foram censurados na data da ultima consulta no hospital.

3.11 Aspectos éticos

O projeto de pesquisa foi aprovado pelo comité de ética em pesquisa (Numero CAAE:
38992014.5.0000.5274) (Anexo B). Os voluntarios foram incluidos apds serem esclarecidos
dos procedimentos experimentais e dos possiveis eventos adversos, segundo determinacdes da
Resolugdo n® 466/12 do Conselho Nacional de Saude. Aqueles que concordaram, assinaram o
TCLE (Apéndice A).

Os participantes classificados com desnutrigdo ou em risco nutricional segundo a
ASG-PPP foram orientados quanto a terapia nutricional e encaminhados ao ambulatério de

nutri¢do para acompanhamento.

3.12 Analise estatistica

Sera descrita nos artigos cientificos, uma vez que a andlise estatistica diferiu a
depender do estudo e seus respetivos objetivos. Para todas as analises foram considerados
intervalo de confianga de 95% e p<0,05. O programa SPSS versdo 20 ou Stata versdao 15

foram utilizados para analise estatistica.
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4 RESULTADOS

Os resultados desta tese serdo apresentados nesta seg¢do, por meio de dois artigos
cientificos. Ambos tém como eixo central o estudo da avaliagdo da massa muscular ¢ da

qualidade muscular em pacientes com cancer colorretal.

4.1 Artigo 1: Frailty is associated with myosteatosis in obese patients with colorectal

cancer

Este trabalho procurou responder o segundo objetivo especifico da tese: explorar os
determinantes da mioesteatose e a associa¢do entre a capacidade funcional e a fragilidade com
os parametros de qualidade muscular (gordura intramuscular e atenuacdo muscular) em
pacientes com céncer colorretal.

O mesmo foi submetido ao Clinical Nutrition (fator de impacto 5,496) em 10 de
agosto de 2018. A confirmag@o da submissdo do trabalho encontra-se no Anexo C. O parecer
da primeira revisao da revista foi recebido em 06/11/18 (Anexo D). Os revisores solicitaram

mudangas para nova submissdo, as quais serdo respondidas em breve.

Frailty is associated with myosteatosis in obese patients with colorectal cancer
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ABSTRACT

Background & Aims: We aimed to explore the determinants of muscle fat infiltration and to
investigate whether myosteatosis, assessed as muscle fat infiltration percentage (% MFI) and
muscle attenuation from computed tomography (CT), is associated with frailty in a group of
patients with colorectal cancer (CRC). Methods: Cross sectional study including CRC
patients. CT scan of the third lumbar vertebra was used to quantify body composition and the
degree of % MFI (reported as percentage of fat within muscle area). Frailty was defined by
Fried et al. (2001) as the presence of more than 3 criteria: unintentional weight loss, self-
reported exhaustion, weakness (low handgrip strength), slow walking speed (gait speed) and
low physical activity. Obesity was defined according to sex-and-age-specific body fat
percentage (% BF) cutoff. Results: A sample of 184 patients (age 60 + 11 years; 58% men;
29% of patients with frailty) was studied. The sample was divided according to tertiles of %
MFI (1% tertile 0 to 2.89, n=60; 2" tertile > 3.9 to 8.19%, n=64; 3" tertile > 8.2 to 26%,
n=60). Age, females, body mass index, % BF, subcutaneous and visceral adipose tissue and
the proportion of patients with frailty were significantly higher in the 3™ % MFI tertile. Phase
angle and muscle attenuation were significantly lower in the 3 % MFI tertile. The
determinants of % MFI (r?>=0.49), which was log transformed due to its normal distribution,
were % BF (8=0.54; eP=1.72; 95% CI: 0.032 to 0.051; P<0.01), age (3=0.34; eP=1.40; 95%
CI: 0.016 to 0.032; P<0.01) and gait speed (B=-0.12; ¢f=0.87; 95% CI: -0.84 to -0.001;
P=0.049). In addition, in obese patients (n=74) presenting 4 or 5 frailty criteria increased the
chance of having higher % MFI and lower muscle attenuation, after adjustment for sex and
age, when compared to none or 1 criteria. Conclusions: In a sample of CRC patients, % BF
and gait speed were the determinants of % MFI. In addition, markers of myostetatosis were

associated with frailty in obese patients.

Keywords: frailty, myosteatosis, obesity, cancer.
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4.1.1 Introduction

With an increasingly aging population, the prevalence of age-related cancers such as
colorectal cancer (CRC) is rising, especially in the less developed regions (1). CRC is
amongst the types of cancer with the highest incidence rates and in fact, CRC is the third in
world incidence and fourth in the mortality rates (2). In the context where cancer and aging
are present, other comorbidities might occur. Frailty is defined as an age-associated syndrome
of decreased physiologic reserves and function, leading to increased vulnerability for adverse
events. In oncology, frailty is highly prevalent in young and older cancer patients (3, 4) and
has been associated with increased chemotherapy toxicity, surgical complications and
mortality (3-5).

In general, the decline in function is commonly attributable to a decrease in muscle
size, but emerging evidence suggests that intramuscular fat infiltration, known as
myosteatosis, is associated with lower muscle strength and mobility independently of muscle
size (6-9). Increased intramuscular fat infiltration is present in aging, in conditions of physical
inactivity (7, 8, 10, 11) and in multiple disease states including diabetes, obesity, chronic
obstructive pulmonary disease, cirrhosis and cancer (12-17). The importance of such
condition lies on its association with poor outcomes, including increased postoperative
complications and higher mortality rates (14-16, 18, 19).

However, the assessment of myosteatosis requires the use of images techniques not
available for daily clinical use, such as computed tomography (CT) and magnetic resonance
imaging (MRI) (20). CT and MRI are considered gold-standard imaging methods for
evaluating body composition, especially muscle mass, and have been used to assess
intramuscular adipose tissue and muscle attenuation, markers of myosteatosis. In the setting
of oncology, TC and MRI are applied for medical diagnosis and for follow-up purposes and
could also be opportunistically used to assess body composition. The CT scan of the abdomen
normally used for CRC diagnosis include the level of the third lumbar vertebra (L3). This set
has recently been validated as the standard landmark for muscle mass analysis and can be also
used to assess myosteatosis in cancer patients (21).

As frailty and muscle mass abnormalities are prevalent in patients with cancer and are
associated with adverse outcomes, we sought to better understand their relationship.
Therefore, our goal is to explore the determinants of muscle fat infiltration and to investigate
whether skeletal muscle measurements, especially myosteatosis, is associated with frailty in

patients with CRC.
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4.1.2 Materials and methods

4.1.2.1 Subjects and study design

This study included patients with CRC recruited between April 2015 and June 2016 at
the outpatient clinic of the Cancer Hospital Unit I of the National Cancer Institute José
Alencar Gomes da Silva (INCA, Rio de Janeiro, Brazil). Those that were scheduled for
abdominal CT scan at the L3 region as part of routine care and that met study eligibility
criteria were invited to participate. Inclusion criteria comprised age higher than 18 years old
and Eastern Cooperative Oncology Group (ECOG) performance score below 3. In addition,
those with physical deformity unable to carry out tests for muscle strength or physical
performance, with pacemaker, congestive heart failure, chronic kidney disease and liver
cirrhosis were not included in the study. From 194 patients initially included in the study, 10
were excluded due to lack of CT scans (n=1), lack of bioelectrical impedance analysis (BIA)
(n=1), CT scan with no images from the third lumbar vertebra (n=1) and not having data on
the frailty phenotype (n=7). Therefore, 184 patients were included as depicted in Figure 1.
The local Research Ethical Committee from National Cancer Institute José Alencar Gomes da
Silva approved the study (protocol number 38992014.5.0000.5274) and informed consent was

obtained from each subject before their inclusion.

Included in the original study (n=194)

Drop-outs (n=10)

e Patients without CT scanning (n=1)

e Patients without images at the third
lumbar vertebra (n=1)

e Patients without BIA exam (n=1)

e Lack of frailty data (n=7)

Patients included in this analysis (n=184)

Figure 1- Flow chart of study inclusion and exclusion.
CT: Computed tomography; BIA: Bioelectrical impedance analysis.
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4.1.2.2 Study protocol

After consenting to participate, patients received instructions to fast for 6 h before the
CT scan (water-soluble oral contrast and medication were allowed). After CT scan, all
participants had the nutritional status, body composition, and muscle function assessed. Blood
samples were then scheduled to be collected under fasting conditions not later than 30 days
after the CT scan. Clinical data were collected from medical records such as age, sex,
previous and current treatment, comorbidities, ECOG performance score, tumor site and

stage.

4.1.2.3 Nutritional assessment

Body weight (kg) was assessed using a platform-type mechanical scale (Filizola, Sao
Paulo, Brazil) with a maximum capacity of 150 kg and variation 0.1 kg and height (cm) by a
vertical stadiometer 200 cm long and with a 0.1 cm precision. Body mass index (BMI) was
calculated as body weight in kilograms divided by squared height. The scored Patient-
generated Subjective Global Assessment (PG-SGA) was carried out by a trained dietitian. The
scored PG-SGA includes two sections: (1) history of weight loss over the previous six
months, dietary intake, gastro-intestinal symptoms and functional capacity; (2) clinical
condition, metabolic stress, and physical examination assessing muscle wasting, loss of
subcutaneous fat mass and presence of edema/ascites. Each patient was classified as well
nourished (PG-SGA A), mild to moderately malnourished (PG-SGA B), or severely
malnourished (PG-SGA C) (22).

4.1.2.4 Body composition

Body composition was assessed by BIA and CT. BIA was performed with a
tetrapolar device model Quantum II (RJL Systems, Detroit, MI, USA), with one electrical
current of 800 pA at 50 kHz. The BIA device provides resistance and reactance values in
Ohms (Q). Phase angle was calculated with the following equation: phase angle (°) = arc
tangent (reactance Q /resistance Q) x (180/m). The resistance was used to calculate skeletal
muscle mass (SMM) obtained through the equation proposed by Janssen et al. (23) and SMM
was normalized by height square (m?) and reported as skeletal muscle index (SMI) (kg/m?).



44

The SMM (kg) equation follows: [((height centimeter)? / resistance x 0.401) + (sex (0 for
female and 1 for male) x 3.825) + (age years x (-0.071))] + 5.102. The percentage of total
body fat (% BF) was assessed by BIA based on the predictive equation provided from the
manufacturer’s software. Obesity was defined according to sex-and-age-specific % BF cutoff
points for the healthy population (24).

The CT images were acquired for medical diagnosis/follow-up purposes and were
digitally stored in the patient’s medical record, which are useful for the assessment of body
composition as well. CT images were analyzed for tissue cross sectional area (cm?) at L3
using the Slice-O-Matic software, version 5.0 (Tomovision, Montreal, Quebec, Canada). One
image extending from the L3 was assessed for skeletal muscle (psoas, erector spinae,
quadratus lumborum, transversus abdominus, external and internal obliques, and rectus
abdominus), and adipose tissue (visceral, subcutaneous, and intramuscular). CT Hounsfield
unit (HU) thresholds for each tissue were -29HU to +150HU for skeletal muscle, -190HU to -
30HU for subcutaneous and intramuscular adipose tissue and -150HU to -50HU for visceral
adipose tissue (21). The same trained dietitian read all the CT images. Skeletal muscle area
was normalized by height square (m?) and reported as lumbar skeletal muscle index (SMI)
(cm?/m?). Muscle attenuation was also evaluated from CT and was derived by averaging the
Hounsfield unit of skeletal muscle. The attenuation of skeletal muscle is inversely related to
muscle fat content (12). In addition, the percentage of muscle fat infiltration (% MFI) in
relation to the skeletal muscle mass in the slice L3 was calculated using the following formula
(17):

% MFI = IAT (cm?)/[IAT (cm?) + SMM(cm?)] x 100. Where, MFI: muscle fat infiltration;

IAT: intramuscular adipose tissue; SMM: skeletal muscle mass.

4.1.2.5 Measurement of muscle strength and physical performance

Muscle strength was measured using a Jamar® hydraulic hand dynamometer
(Sammons Preston, Chicago, IL). Each individual sat in a chair with armrests, without rings,
watches, or other objects on their hands or wrists. The upper limb to be evaluated was placed
alongside the body with the elbow at a 90° angle; the contralateral limb was relaxed on the
thigh. During the exam, the patient was instructed to use the maximum strength in each
measurement. Three measurements were determined for each hand in an alternating manner,

and the maximum strength was defined as the greatest of the six measurements.
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Physical performance was assessed by 4.6 m gait speed test. The subject was
instructed to walk as fast as possible, but not running, through a predetermined 4.6 m straight
path with no obstacles while the time to complete the course was measured. The test was
applied twice, with an interval of approximately 30 seconds between applications and the

lower of the two measurements was considered.

4.1.2.6 Definition of sarcopenia

Sarcopenia was defined as low skeletal muscle mass plus low muscle strength and/or
low physical performance according to the European Working Group on Sarcopenia in Older
People (EWGSOP) (25). Individuals who did not meet these criteria were considered normal
for the outcome studied. Low SMI assessed by CT were classified according to Martin et al.
cutoff points (15) (men: <43 cm?/m? for BMI <25 kg/m? and <53 cm?/m? for BMI >25 kg/m?;
women: <41 cm?/m?). Low handgrip strength were defined as less than 30 kg for men and less

than 20 kg for women and for gait speed was less than 0.8 m/s (25).

4.1.2.7 Frailty phenotype

Frailty phenotype was defined by Fried et al. (26) as the presence of at least 3 of the
following criteria: 1. unintentional weight loss (> 3 kg in past year); 2. low handgrip strength
(the lowest 20% of the population adjusted for sex and body mass index); 3. slow walking
speed (the slowest 20% of the population based on time to walk 4.6 m, adjusting for sex and
height); 4. low physical activity level (defined as the lowest quintile of physical activity
according to sex. Physical activity was evaluated by the International Physical Activity
Questionnaire Short Form) (27); 5. self-reported of exhaustion (identified by two questions

from the Center for Epidemiological Studies Depression scale) (28).

4.1.2.8 Laboratorial measurements

Serum dosages of albumin (green bromocresol) was evaluated in the laboratory of the

National Cancer Institute José Alencar Gomes da Silva hospital.
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4.1.2.9 Statistical analyses

Continuous variables were summarized as mean + standard deviation or median and
interquartile range, depending on its normality distribution (assessed by Shapiro-Wilk test).
Categorical variables were summarized as the absolute frequencies and their corresponding
percentages. The % MFI was divided in tertiles. The comparisons among the groups of %
MFI tertiles were performed by the y? test for categorical covariates, by ANOVA test with
post-hoc test of Bonferroni for continuous covariates with normal distribution and by the
Kruskal-Wallis test for non-normally distributed continuous covariates. The crude association
between % MFI and body fat was assessed by Spearman’s correlation coefficient test. In order
to evaluate the determinants of % MFI as well as to investigate the association between %
MFI and frailty, multiple linear regression models were used after adjustments for sex and
age. The % MFI, as the dependent variable, was log-transformed to normalize its conditional
distribution in the multiple linear regression analysis. Hence, the inverse function was applied
to the estimated coefficients, i.e., eP. The respective 95% confidence interval was obtained
likewise. Under the linear regression model for the log transformed dependent variable, 100
(eP - 1) is interpreted as the percent increase (if B is positive) or 100 (1 - eP) as the percent
decrease (if 3 is negative) in the expected value of the dependent variable for a unit increase
in the respective covariate. As sensitivity analysis, muscle attenuation was used as proxy of
muscle quality and muscle attenuation determinants was also tested in a different model,
adjusted for sex and age. Statistical significance was defined as P values below 0.05. The
Statistical Package for the Social Sciences (SPSS) version 20.0 (SPSS, Inc., Chicago, IL,

USA) was used for the statistical analyses.

4.1.3 Results

This study included 184 patients, mostly males (n=107; 58%) and with a mean age of
60.4 + 11.4 years. Hypertension was observed in 46% of the patients (n=86) whilst 23%
(n=42) had cancer stage 0 to II and 77% (n=142) cancer stage III to IV. Table 1 describes
demographic, clinical, nutritional, body composition and muscle function parameters
according to the tertiles of muscle fat infiltration percentage (% MFI). Age and the proportion
of females increased with the % MEFI tertiles. Also of note, BMI, % BF, abdominal

subcutaneous adipose tissue and visceral adipose tissue were significantly higher in the 3™ %
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MFI tertile, while the lumbar skeletal muscle index tended to decrease in the 3™ % MFI
tertile. Moreover, phase angle and muscle attenuation, markers of muscle integrity were
significantly lower in the 3™ tertile. When stratified by sex, no differences were observed for
HGS and gait speed among the tertiles groups. The number of patients with sarcopenia, that
is, low muscle mass by lumbar skeletal muscle index and low muscle strength or gait speed,
although not significant, tended to increase across the % MFI tertiles. The determinants of %
MFI were assessed by multiple linear regression analysis, where log of % MFI was the
dependent variable and age, sex, % BF, HGS and gait speed were listed as possible
independent variables. After running a few model specification choices, the variables that
remained significant in the model (r’=0.49) were % BF (8=0.54; eP=1.72; 95% CI: 0.032 to
0.051; P<0.01), age (=0.34; eP=1.40; 95% CI: 0.016 to 0.032; P<0.01) and gait speed (B=-
0.12; eP=0.87; 95% CI: -0.84 to -0.001; P=0.049).
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Table 1- Demographic, clinic, nutritional status, body composition and muscle function
parameters according to tertiles of muscle fat infiltration percentage (n=184)

1st % MFI Tertile

2nd % MFI Tertile

3rd % MFI Tertile

(n=60) (n=64) (n=60)
0 to 3.89 >3.9 to 8.19% >8.2 to 26% P
Age (years)' 55.2+11.1° 61.9410.7° 64+10.8 ° <0.001"
Sex
Male [n (%)] 51 (85%) * 31 (48%) * 25 (42%) ® <0.001 "
Female [n (%)] 9 (15%) ® 33 (52%) * 35 (58%) ®
Cancer stage [n (%)]
0-11 9 (15%) 17 (27%) 16 (27%) 021"
-V 51(85%) 47 (73%) 44 (73%)
ECOG performance score T [n (%)]
0 26 (43%) 24 (38%) 28 (47%) 027"
1-2 34 (57%) 40 (62%) 31 (53%)
BMI (kg/m?)! 25.4+52 26.9+4.2 2 29.346.0 ® <0.001"
PG-SGA  [n (%)]
PG-SGA A 36 (60%) 46 (73%) 43 (72%) 030"
PG-SGA BC 24 (40%) 17 (27%) 17 (28%)
Albumin 1 (g/dL)" 44+04 44+04 43+04 0.74"
Lumbar skeletal muscle index (cm?/m?)!
Male 52.4+99 49.6+73 47.6 £ 8.8 0.08!
Female 445+99 43.4+5.7 422+ 7.7 0.641
Muscle attenuation (HU)!
Male 422+44° 35.8+4.8% 28.5+55¢ <0.001'
Female 40.1+8.6* 33.4+5.6° 26+4.8°¢ <0.001'
Subcutaneous adipose tissue (cm?)?
Male 113.8(70.5;184.4) 2 161.2 (138;196) ° 161.6 (135.1;226.3)®  0.003*
Female 108.2 (40.3;214.1)® 1845 (122.5;274.1)*> 285 (180.1;348.5)®  0.003 *
Visceral adipose tissue (cm?)2
Male 97 (53.4;166) * 169.3 (120.5;226.7) ® 192.8 (132.4;239.4)>  <0.001 *
Female 33.7 (11.1;75) * 74.7 (41.8;143.9) 2P 114.9 (61.8;168.3) ® 0.003 #
Body fat [%]?
Male 25.6(19.7;33.7) * 31(26.9;36) * 33 (29.4;38) 0.003 #
Female 33.7(19.8;41.9) 2 40.4 (35;47.1)* 47 (39.6;52.6) © <0.001"*
Skeletal muscle index (BIA) (kg/m?)!
Male 10+1.1 99+1 10+14 0.98!
Female 75+€1.1 74+£0.9 7.6+14 0.87!
Phase angle (°)!
Male 6.0£1°? 5.8+0.9%0 53+09° 0.005!
Female 5.7+£0.6 53+£0.8 52+£09 0.36!
Handgrip strength (kg)?
Male 36 (31;43) 36 (31;40) 35 (29;38) 0.43 #
Female 18 (17:27.5) 22 (20;26.7) 22 (18;27) 0.73 *
Gait speed (m/s)’
Male 1.20+0.3 1.13+£0.2 1.08+0.3 0.13!
Female 0.96+0.2 1.01+£0.2 0.97+0.2 0.57!
Sarcopenia [n (%)] 7 (12%) 8 (13%) 14 (23%) 0.14"

ECOG: Eastern Cooperative Oncology Group; BMI: Body mass index; PG-SGA: Patient-generated subjective global assessment;
BIA: Bioelectrical impedance analysis; MFI: Muscle fat infiltration.
! Mean and standard deviation; > Median and interquartile range; ' ANOVA test; "Chi-square test; * Kruskal-Wallis test; T N=183; ¥
N=163; Different letters ®>° indicate statistically significant differences among the groups (p<0.05).

The prevalence of frailty phenotype components according to tertiles of % MFI is

shown in Table 2. Although a significantly higher proportion of patients had spontaneous

weight loss in the 3™ tertile, it was also largely present in the 1%t and 2" tertiles, a finding
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similar to exhaustion, which was seen in about 70% of the % MFI groups. The remaining

frailty components, though not significant, tended to show higher prevalence in the 3™ tertile.

In fact, Figure 2 shows that the prevalence of frailty, that it is, the concomitance of 3 or more

components, was significantly higher in the 3™ tertile of % MFI (1% tertile n=11, 18%; 2™

tertile n=18, 28% and 3" tertile, n=25, 42%; P=0.02). In the entire group, frailty was present

in 29% (n=54) of the patients.

Table 2- Prevalence of frailty phenotype components by muscle fat infiltration tertiles

(n=184)

1st % MFI 2nd % MFI 3rd % MFI

Tertile (n=60) Tertile (n=64) Tertile (n=60)

*

0 to 3.89% >3.9t08.19%  >8.2 t0 26% P
Frequency of frailty components [n (%)]

Unintentional weight loss 40 (67%) ® 45 (70%)) ® 52 (87%)°  0.02
Exhaustion 47 (78%) 49 (77%) 46 (77%) 0.96
Low handgrip strength 15 (25%) 14 (22%) 19 (32%) 0.45
Low gait speed 9 (15%) 14 (22%) 15 (25%) 0.38
Low physical activity 7 (12%) 15 (23%) 13 (22%) 0.20

* Chi-square test. Different letters > indicate statistically significant differences between groups (p<0.05).

*P=0.019
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Figure 2 - Number of frailty components according to muscle fat
infiltration percentage tertiles (n=184).

* Chi-square test.
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Considering that % BF was highly correlated with % MFI in both males and females
(males: =0.42, P<0.001; females: r=0.52, P<0.001) (Figure 3), two linear regression models
were tested to investigate whether the correlation between % MFI and frailty differed in obese
(n=74) and non-obese patients (n=110). In the multiple linear regression analysis adjusted by
sex and age, in the obese group, but not in the non-obese group, presenting 4 or 5 criteria
augments in 174% (Exp (B) = 2.74) the expected value of % MFI as compared to the none or
1 criteria of frailty (reference group) (Table 3). Similarly, in a sensitivity analysis, muscle
attenuation was used a proxy of myosteatosis and was used as dependent variable, adjusted
for sex and age. Compared with none or 1 frailty criteria, presenting 4 or 5 criteria in the
obese group, but not in the non-obese group, diminished almost 9 units of muscle attenuation
in the multiple linear regression analysis adjusted for sex and age (Supplementary Table 1).
As lower muscle attenuation indicates higher myosteatosis, the later result indicates that

presenting 4 or 5 frailty criteria was correlated with myosteatosis.
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Table 3 — Association between percentage of muscle fat infiltration (log) and frailty
phenotype adjusted for sex and age in obese and non-obese patients (n=184)*

Obese (n=74)

Non-obese (n=110)

Exp (B) 95% CI P Exp (B) 95% CI P
Number of frailty components

0-1 (reference)

2 1.33 0.83;2.12 0.231 1.31 0.98; 1.76 0.07

3 1.49 0.9; 2.46 0.120 1.37 0.95;1.98 0.09

4-5 2.74 1.37;5.47 0.004 1.25 0.74;2.12 0.39
Sex (male) 0.51 0.39; 0.66  <0.001 0.55 0.43;0.71  <0.001
Age (y) 1.01 0.99; 1.02 0.078 1.03 1.02;1.04 <0.001

* Multiple linear regression analysis; Exp (B): Exponential beta; 95% CI: 95% confidence interval.

Supplementary Table 1- Association between muscle attenuation and frailty phenotype
adjusted for sex and age in obese and non-obese patients (n=184)*

Obese (n=74)

Non-obese (n=110)

B 95% CI SE P B 95% CI SE P

Number of frailty components

0-1 (reference)

2 -0.86 -5.37;3.64 2.30 0.707 -1.54 -4.36;1.27 1.43 0.28

3 -2.56 -7.4;2.27 2.46 0299 -495 -847;-1.44 1.79 0.006

4-5 -8.66  -15.34;-1.99 3.4 0.011 -1.59 -6.66;3.47  2.58 0.53
Sex (male) 5.97 3.43;8.5 129 <0.001 549 3.11;7.86 1.21  <0.001
Age (y) -0.24  -0.35;-0.14 0.05 <0.001 -03 -041;-0.19 0.05 <0.001

* Multiple linear regression analysis; SE: Standard error; 95% CI: 95% confidence interval.

4.1.4 Discussion

This study aimed to explore the determinants of % MFI and to investigate whether

muscle fat content, known as myosteatosis, was associated with frailty in a representative

group of 194 well characterized CRC patients with measurements of body composition. By

using CT images available for diagnostic purposes, we assessed body composition with high

precision and no harm for the patient. Our main finding was that body fat and gait speed were

independent determinants of % MFI in a model adjusted for sex and age. Moreover, we also

found that in obese CRC patients, presenting 4 or more components of frailty were positively

associated with % MFI and inversely associated with muscle attenuation. This finding

indicates that myosteatosis was associated with frailty in obese patients. Overall, these
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findings suggest that body fat and gait speed were the determinants of % MFI and highlight
the importance of % MFI as a contributor of frailty in CRC obese patients.

Of note, we found positive associations between % MFI and body fat measurements,
including BMI, total body fat, abdominal subcutaneous adipose tissue and visceral adipose
tissue, all of which were significantly higher in the 3™ tertile of % MFI. Therefore, obesity
plays an important role in % MFI and subsequently in increased myosteatosis, a finding
previously shown in studies including individuals with and without cancer (12, 29, 30). The
alterations inherent to the increased body fat accumulation (i.e. obesity), such as the changes
in mitochondrial function, the impaired fatty acid metabolism, the defect in the ability of
subcutaneous fat to store excess fatty acids and the accumulation of macrophage and T-cell,
which induce muscle inflammation with consequent fat accumulation in the skeletal muscle
(31, 32) are likely to explain the role of obesity in increasing % MFI. The consequence of
myosteatosis is a worse muscle quality and diminished muscle contractile area, which has
been claimed to be associated with lower muscle function in the elderly (7-9, 33), due to a
change in activation, proliferation and differentiation of skeletal muscle stem cells into
adipocytes (31). Aligned with this speculation, in the present study, patients in the 3™ tertile
of % MFI were significantly older than that those in the 1% tertile of % MFI, reinforcing the
notion that aging is related to myosteatosis, even in CRC patients. Regarding muscle mass, we
found that lumbar SMI assessed by CT and total SMI assessed by BIA were not significantly
different among the tertiles. We hypothesize that this result is justified by the inability of the
muscle mass measurements to discriminate the amount of fat within the muscle. In fact, a
previous study including patients with cancer could not find a variation in the skeletal muscle
mass area, although muscle attenuation (a marker of myosteatosis) varied across the
individuals (15). Surprisingly, phase angle, considered a marker of the amount and quality of
soft tissue mass (34), was able to follow the differences between the % MFI tertiles in males,
signifying phase angle as a potential superior marker to discriminate for myosteatosis. Finally,
although muscle function measurements were not different among the tertiles, gait speed was
inversely associated with % MFI, by diminishing in 13% the expected value of % MFI, in a
model adjusted for sex and age. This finding is in accordance with a previous study in patients
with cancer showing that muscle attenuation was more strongly associated with physical
function than with skeletal muscle mass (6). Such finding can be explained by the fact that
higher MFI diminishes the muscle contractile area and impact negatively in muscle function
(9). Overall, body fat and gait speed, representing obesity and muscle function respectively,

were determinants of % MFI in a sample of CRC patients.
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Frailty is an age-associated syndrome well described in the geriatric population that can
also be associated with myosteatosis and therefore, higher % MFI. According to the definition
conceptualized by Fried et al. (26), frailty involves the decline in many physiological domains
including muscle mass, strength, loss of body weight, weakness and poor balance (35), which
in turn leads to vulnerability to adverse events and worse outcome, such as increased
susceptibility to falls, worse quality of life, higher mortality rate, increased risk of
postoperative complications, admissions and chemotherapy intolerance (3, 4, 36). More
recently, frailty also became a subject of interest in patients with cancer with prevalence
raging from depending on the type of cancer, the instrument and cut-point used to diagnose
frailty (3). In the present study, 29% (n=54) of the patients fulfilled the criteria of frailty
phenotype defined by Fried et al. (26) with a higher prevalence in the 3™ tertile of % MFI.
Our finding agrees with those from Williams et al. (37) in which skeletal muscle density and
skeletal muscle gauge, both assessed by CT and markers of myosteatosis, were related to
frailty index even after adjusting by sex and age, in a sample of 162 older cancer patients.
Moreover, since we found that body fat was an important determinant of % MFI, we furthered
our analysis, by speculating that the correlation between frailty and % MFI could be more
pronounced in obese patients. In fact, we found that in obese, but not in the non-obese,
presenting 4 or more criteria augmented 174% the expected value of % MFI as compared to
the none or 1 criteria of frailty (reference group). Moreover, these findings were confirmed in
a sensitivity analysis using muscle attenuation, a proxy of % MFI. In this analysis, presenting
4 or more criteria of frailty was associated with almost 9 units decrease of muscle attenuation
in obese, but not in non-obese patients. Although our study design does not allow to stablish a
cause-effect relation, these results clearly shows that myosteatosis is associated with frailty
and therefore, should be a target of treatment.

Lastly, the clinical implication of our findings deserves attentions. As far as we know,
myosteatosis has not yet been a body compartment of target in interventional studies
conducted in patients with cancer, since reversing wasting and cachexia were the focus of
attention in nutritional interventions. With the findings from present study we instigate
researchers to shift focus toward the other side of the coin that is, the adverse outcomes of
obesity in CRC patients, such as myosteatosis and frailty. As obesity in the present study was
present in 40.8% of the patients, targeting interventions of enhancing physical activity (38)
and dietary omega-3 fatty acid supplementation (39, 40) to reverse frailty and myosteatosis
will likely improve quality of life, an outcome understood of high value in ill patients such as

those from this study.



54

The limitations and strength of the present study should be addressed. As limitations,
because this was a convenient sample across various time points in the cancer care continuum,
we cannot draw conclusions regarding the treatment impact on skeletal muscle, % MFI and
physical function. In addition, since this an observational and a cross-sectional study, a
causal-effect relationship between % MFI and frailty cannot be stablished. The strengths
include a representative and relatively large sample of CRC patients with body composition
assessed by CT, which provides an accurate and precise assessment, enabling to identify
muscle abnormalities, especially muscle fat infiltration, a subject not yet largely investigated
in cancer patients. Also, it is one of the few studies that use CT scans to investigate the
association between body composition parameters and frailty among patients with cancer.

In conclusion, body fat and gait speed were determinants of % MFI and presenting 4
or more criteria of frailty was associated with intramuscular fat infiltration and muscle
attenuation in obese patients with CRC, suggesting the role of myosteatosis in frailty. Finally,
clinicians should be aware of the clinical relevance of assessing body composition,

particularly myosteatosis, in future studies in order to propose individualized interventions.
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4.2 Artigo 2: Diagnosis of muscle wasting in colorectal cancer patients by computed

tomography and surrogate methods: which one can better identify low muscularity

and predict poor outcome?

Este trabalho procurou responder ao primeiro objetivo especifico da tese: avaliar a

validade dos métodos de avaliagio da massa muscular utilizados na pratica clinica em

comparagdo com a tomografia computadorizada; avaliar a associagdo entre a redugdo da

massa muscular, avaliada por diferentes métodos, e os parametros clinicos e de estado

nutricional; e identificar qual método substitutivo apresenta maior valor prognostico para

mortalidade no diagnostico de reducdo de massa muscular.
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O artigo sera submetido a publicagdo apés a defesa da tese e apds ouvir as

consideragdes da banca.
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ABSTRACT

Background & Aims: Considering the importance of assessing muscle mass in patients with
cancer, we aimed to evaluate the agreement between computed tomography (CT) with
surrogate methods commonly applied in clinical practice for the assessment of low
muscularity, the association between different muscle measurements with clinical parameters
and nutritional status and the prognostic value of low muscle mass with survival for all
muscle measurements studied in patients with colorectal cancer (CRC). Methods: Cohort
study including CRC patients with 17 months follow-up (interquartile range 12-23) for
mortality. Low muscle mass was evaluated by corrected mid-upper arm muscle area (AMAc),
calf circumference, skeletal muscle mass by bioelectrical impedance analysis (BIA), muscle
deficit by the physical examination from the Patient-generated Subjective Global Assessment
(PG-SGA) and lumbar muscle cross-sectional area by CT, which was used as the reference
method. For CT, the skeletal muscle mass index (SMI) was calculated as muscle cross-
sectional area (cm?)/height?> (m?) at third lumbar vertebra with cutoff points: men < 44.7
cm?/m?, women < 32.8 cm?/m?; AMAc: men < 21.4 cm?, women: < 21.6 cm?; SMI from BIA:
men < 10.76 kg/m?, women: < 6.76 kg/m?; calf circumference: men < 34 ¢m, women < 33
cm; and deficit of muscle scored as +1, +2 or +3 from physical exam. Results: This study
included 188 patients (age 61 +11.4 years; 57% men, 32% with malnutrition by the PG-SGA).
The prevalence of low muscle mass was 9.6% for AMAc, 20.2% for calf circumference,
54.3% for BIA, 29.3% for physical exam and 17.6% for CT. Among the methods tested, the
physical exam had the highest kappa coefficient compared to CT (kappa coefficient: 0.48;
sensitivity: 47.3%, specificity: 94.7%). Low Muscularity groups had higher proportion of
malnourished individuals and lower values of body mass index, body fat percentage (% BF)
and phase angle. The Cox regression models adjusted for age, sex and tumor stage showed
that, except for low muscle mass assessed by BIA, the Low Muscularity groups predicted
higher mortality rates than the Normal Muscularity group. However, physical exam had the
highest hazard ratio and C-statistic value among all methods investigated (HR: 2.58; 95%IC:
1.47-4.53; C-statistic: 0.69). Conclusions: Compared with CT, physical exam had the best
agreement to assess low muscle mass in CRC patients. The Low Muscularity groups had
higher proportion of malnourished individuals and lower % BF. In addition, physical exam
showed the strongest predictive results in the survival analysis among all methods

investigated.

Keywords: Low muscle mass, computed tomography, cancer.
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4.2.1 Introduction

Low muscle mass is a common feature of patients with cancer with an estimated
prevalence varying from 5 to 89% depending on the method and cutoff applied for its
diagnose (1, 2). The etiology of low muscle mass in patients with cancer is multifactorial and
mainly involves an inhibition of protein synthesis and an increase in protein degradation,
leading to a negative protein balance (3). The factors contributing to low muscle mass include
tumor-related mechanisms, host response to tumor, anticancer treatment, reduced protein
intake and physical inactivity (3). Of note, as shown in recent studies, low muscle mass can
also occur in overweight and obese people (4-7) and it is associated with shorter survival,
chemotherapy toxicity, tumor progression, adverse postoperative outcomes and poor quality
of life in patients with cancer (4-6, 8-10).

Although muscle mass assessment appears to be mandatory for patients with cancer,
it is not routinely performed in clinical practice. Among the methods that yields muscle mass
assessments by suitable tools for clinical practice, the anthropometric measurements (mid-
upper arm muscle circumference, calf circumference and adductor pollicis muscle thickness)
and Bioelectrical Impedance Analysis (BIA) emerge due to its characteristics of being
portable, noninvasive and inexpensive. However, these methods have limited applicability in
obese patients and when edema is present (11). Another method currently performed to assess
nutritional status in patients with cancer is the Patient-generated Subjective Global
Assessment (PG-SGA) (12). This method is rapid, cost effective and feasible, and therefore
can be easily implemented in clinical settings to assess muscle mass as it includes the
assessment of muscle deficit in the physical exam.

In parallel, Computed Tomography (CT) is considered a gold-standard method for
evaluating body composition (13). Recently, the level of the third lumbar vertebra (L3) from
CT scan has been validated as the standard landmark for assess body composition in patients
with cancer (14) and has been opportunistically used to assess muscle mass in some studies in
oncologic and non-oncologic individuals (15-18). Although CT scan of the abdomen include
L3 and it is routinely used for diagnosis and follow-up in colorectal cancer (CRC) patients, its
high cost, the need of training and the exposition to radiation dose limit the use of CT to
research purposes and highlight the importance of testing other methods to assess muscle
mass in clinical practice. Therefore, considering the importance of assessing muscle mass in
patients with cancer, we aimed to evaluate in a sample of patients with CRC the agreement,
sensibility and specificity between CT and surrogate methods highly applied in the clinical
setting to diagnose low muscle mass, to explore the association between different muscle

mass measurements for the diagnosis of low muscle mass with clinical parameters and
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nutritional status, and to test which low muscle mass assessment method has the best

prognostic value to predict overall survival.

4.2.2 Materials and methods

4.2.2.1 Subjects and study design

This study included patients with CRC recruited between April 2015 and June 2016 at
the outpatient clinic of the Cancer Hospital Unit I of the National Cancer Institute José
Alencar Gomes da Silva (INCA, Rio de Janeiro, Brazil). Those who met eligibility criteria
and were scheduled for abdominal CT scan at the L3 region, as part of routine care, were
invited to participate. Inclusion criteria comprised age higher than 18 years old and Eastern
Cooperative Oncology Group performance status below 3. In addition, those with physical
deformity unable to carry out tests for muscle strength or physical performance, with
pacemaker, congestive heart failure, chronic kidney disease, liver cirrhosis, anal canal cancer,
synchronous colorectal cancer and with more than one cancer type were not included in the
study. From 204 patients initially invited to participate in the study 188 were eligible to
participate. The reasons for dropout are depicted in Figure 1. The local Research Ethical
Committee from National Cancer Institute José Alencar Gomes da Silva approved the study
(protocol number 38992014.5.0000.5274) and a written informed consent was obtained from

each subject before their inclusion.

Included in the original study (n=204)

Drop-outs (n=16)

¢ Patients without CT scanning (n=1)

s Patients without images at third lumbar
vertebra (n=1)
*  Patients without AMAc, calf circumference,

BIA and PG-SGA (n=4)

¢ Patients with anal canal cancer (n=3)

+  Patients with synchronous colorectal cancer
(n=3)

* Patients with more than one cancer type
(n=2)

Patients included in this analysis (n=188)

Figure 1- Flow chart of study inclusion and exclusion.

CT: Computed tomography; AMAc: Corrected mid-upper arm muscle
circumference; BIA: Bioelectrical impedance analysis; PG-SGA: Patient-generated
subjective global assessment.
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4.2.2.2 Study protocol

After consenting to participate, patients received instructions to fast for 6 h before the
CT scan (water-soluble oral contrast and medication were allowed). After CT scan, all
participants had the nutritional status, body composition, and muscle function assessed. Blood
samples were then scheduled to be collected under fasting conditions not later than 30 days
after the CT scan. Clinical data were collected from medical records such as age, sex,

previous and current treatment, comorbidities, performance status, tumor site and stage.

4.2.2.3 Muscle mass assessment

Five different muscle mass measurements were used to diagnose low muscle mass
according to the cutoffs shown in Table 1: corrected mid-upper arm muscle area (AMAc), calf
circumference, skeletal muscle mass (SMM) from BIA (19), physical exam of muscle mass
deficit from PG-SGA and muscle cross-sectional area from CT scans. According to each of
these measurements and cutoffs described in Table 1, patients were classified as Low

Muscularity group and Normal Muscularity group.

Corrected mid-upper arm muscle area (AMAc): AMAc was calculated according to the
equation AMAc (cm?) = [Mid upper arm circumference (cm) - 0.314 x triceps skinfold
thickness (mm)]?/ 4, corrected by sex ( - 10 for men and— 6.5 for women, respectively) (20).
Mid-upper arm circumference was measured three times by a trained dietitian at the midpoint
of the non-dominant upper arm between the acromion process and the tip of the olecranon
process, using a non-elastic, flexible measuring tape. The triceps skin fold (TSF) was
measured three times at the same point using a Lange® caliper (Cambridge Scientific

Industries, Inc.). The mean value of these measurements was recorded.

Calf circumference: It was assessed by using an inextensible tape with the subject in the
sitting position, feet 20 cm apart. The measurement was taken on both sides at the point of

greatest circumference. The mean of the three measurements was calculated.

Bioelectrical impedance analysis (BIA) for Skeletal muscle mass (SMM) : 1t was determined

using the Janssen’s equation as follows (19):
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SMM (kg)= [((height centimeter)? / resistance x 0.401) + (sex (0 for female and 1 for male) x
3.825) + (age years x (-0.071))] + 5.102.

A Dbioelectrical impedance analyzer, tetrapolar device model Quantum II (RJL Systems,
Detroit, MI, USA), with an electrical current of 800 pA at 50 kHz was used to assess
resistance and reactance values in Ohms (€2). SMM was normalized by height squared (m?)
and reported as skeletal muscle index (SMI) (kg/m?). In addition, phase angle was calculated

with the following equation: phase angle (degrees) = arctan (Xc/R) x (180/IT).

Physical examination of muscle mass deficit: It is part of the PG-SGA form (12). Muscle
wasting was investigated by a trained dietitian through visual inspection and palpation of
muscles with loss of bulk and tone in the sites of temple, clavicle, shoulder, scapula, thigh,
calf and interosseous muscle indicating muscle depletion. The degree of muscle depletion was
evaluated and rated as 0 (normal), +1 (mild), +2 (moderate) and +3 (severe). The assessment

was carried out by trained dietitian.

Computed tomography (CT) for skeletal muscle area (cm?): It was assessed with the Slice-O-
matic software, version 5.0 (Tomovision, Montreal, Quebec, Canada) using routine CT scans
conducted for diagnostic/follow-up purposes and were digitally stored in the patient’s medical
record. One image extending from L3 was assessed for skeletal muscle (psoas, erector spinae,
quadratus lumborum, transversus abdominus, external and internal obliques, and rectus
abdominus). CT Hounsfield unit (HU) thresholds -29HU to +150HU were used for skeletal
muscle, -190HU to -30HU for subcutanecous adipose tissue and intramuscular adipose tissue
and -150HU to -50HU for visceral adipose tissue (14). The same trained dietitian read all the
CT images. Skeletal muscle area was normalized by height squared (m?) and reported as
lumbar skeletal muscle index (SMI) (cm?/m?). Muscle attenuation was also evaluated from
CT and was derived by averaging the Hounsfield unit of skeletal muscle. The percentage of
muscle fat infiltration (% MFI) in relation to the skeletal muscle mass at the L3 slice was also
calculated using the following formula (21):

% MFI = IAT (¢cm?)/[IAT (cm?) + SMM(cm?)] x 100, where MFI: muscle fat infiltration;

IAT: intramuscular adipose tissue; SMM: skeletal muscle mass.
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Table 1- Low muscle mass according to different methods and cut-offs

Methods Cut-off Reference
AMAc
Male <21.4cm? (22)
Female <21.6 cm?
Calf Circumference (23)
Male <34 cm
Female <33 cm
SMI - BIA
Male SMI < 10.7 6 kg/m? (24)
Female SMI < 6.76 kg/m?
MM physical exam from PG-SGA Muscle mass deficit: +1, +2 ou +3 (12)
SMI - CT
Male SMI < 44.7 cm?/m?? (25)
Female SMI < 32.8 cm?/m?

AMACc: Corrected mid-upper arm muscle circumference; MM: Muscle mass; PG-SGA: Patient-generated
subjective global assessment; SMI: Skeletal muscle index; BIA: Bioelectrical impedance analysis; CT:
Computed tomography.

aCut-off values of muscle mass at L3 level for CT scans are based on SMI 10th percentile values of a healthy
Caucasian population (25).

4.2.2.4 Measurement of muscle strength and physical performance

Muscle strength was measured using a Jamar® hydraulic hand dynamometer
(Sammons Preston, Chicago, IL). Each individual sat in a chair and the upper limb was placed
alongside the body with the elbow at a 90° angle; the contralateral limb was relaxed on the
thigh. During the exam, the patient was instructed to use the maximum strength in each
measurement. Three measurements were determined for each hand in an alternating manner,
and the maximum strength was defined as the greatest of the six measurements.

Physical performance was assessed by 4.6 m gait speed test. The subject was
instructed to walk as fast as possible, but not running, through a predetermined 4.6 m straight
path with no obstacles while the time to complete the course was measured. The test was
applied twice, with an interval of approximately 30 seconds between applications, and the

lower of the two measurements was considered for use.
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4.2.2.5 Nutritional assessment

Body weight (kg) was assessed using a platform-type mechanical scale (Filizola, Sdo
Paulo, Brazil) with a maximum capacity of 150 kg and variation 0.1 kg and height (cm) by a
vertical stadiometer 200 cm long and with a 0.1 cm precision. Body mass index (BMI) was
calculated as body weight in kilograms divided by squared height. The percentage of total
body fat (% BF) was assessed by BIA based on the predictive equation provided from the
manufacturer’s software. Obesity was defined according to sex-and-age-specific % BF cutoff
points for the healthy population (26). In addition, the PG-SGA was also used to assess
nutritional status. It includes two sections: (1) history of weight loss over the previous six
months, dietary intake, gastro-intestinal symptoms and functional capacity; (2) clinical
condition, metabolic stress, and physical examination assessing muscle wasting, loss of
subcutaneous fat mass and presence of edema/ascites. In order to evaluate nutritional status,
each patient is classified as well nourished (PG-SGA A) and malnourished (PG-SGA B and
C) (12).

4.2.2.6 Laboratorial measurements

Serum dosages of albumin (green bromocresol) and high-sensitivity C-reactive protein
(CRP) (turbidimetric method) was measured by specific kits from Roche® using a COBAS
311 analyzer (Roche Diagnostics®, Mannheim, German) in the laboratory of the Cancer

Hospital Unit I of the National Cancer Institute José Alencar Gomes da Silva.

4.2.2.7 Overall survival

Survival data were obtained from the electronic medical record of each patient after
one year the last patient had been included (median: 17 months; interquartile range: 12-23
months). Survival time was defined as time from inclusion in the study until death and
recorded as number of months. Patient who were still alive were censored at date of last

consultation in the hospital.
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4.2.2.8 Statistical analyses

Continuous variables were summarized as mean + standard deviation or median and
interquartile range, depending on its normality distribution (assessed by Shapiro-Wilk test).
Categorical variables were summarized as the absolute frequencies and their corresponding
percentages. To assess differences or association among clinical parameters, nutritional status,
body composition, and physical function according to the presence of low muscle mass based
on different muscle measurements, t-tests were used for normal distributed variables, Mann
Whitney test for not normal distributed variables and Chi-square test for categorical variables.
The agreement between CT and the surrogate methods for the assessment of muscle mass
(AMAc, calf circumference, SMI from BIA, muscle mass deficit from PG-SGA physical
exam) was evaluated by kappa test. The kappa value of agreement can be interpreted as
follows: 0.20 poor, 0.21 to 0.60 moderate, 0.61 to 0.80 good and 0.81 to 1.00 very good (27).
The sensitivity and specificity of the methods were assessed through a cross-reference table.
Kaplan Meier survival curves for different muscle mass measurements were also performed.
Multiple Cox regression analysis were performed to test associations between overall survival
and Low Muscularity groups assessed by different muscle mass measurements adjusted for
age, sex and tumor stage. Harrell’s C statistic (C-statistic) test was calculated for all
measurements to assess which muscle mass method showed the best predictive accuracy for
survival. In this test, the higher C-statistic value, the better the model’s accuracy. Statistical
significance was defined as p values below 0.05. The Statistical Package for the Social
Sciences (SPSS) version 20.0 (SPSS, Inc., Chicago, IL, USA) was used for the statistical
analyses, except for C-statistics, in which STATA 15.0 was used.

4.2.3 Results

This study included 188 patients, mostly males (n=108; 57%) with a mean age of 61 +
11.4 years, mean BMI of 27.1 + 5.4 kgm? and with 32% (n=60) of the patients with
malnutrition according to PG-SGA. Moreover, the majority had cancer on stage III to IV
(n=147; 78%) and 58% (n=108) had performance status 1 and 2. The prevalence of low
muscle varied from 9.6% to 54.3% depending on the method applied to assess muscle mass

(Figure 2).
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Figure 2- Low muscle mass prevalence according to different muscle
mass measurements techniques (n=188).

AMAc: Corrected mid-upper arm muscle circumference; SMI: Skeletal
muscle index; BIA: Bioelectrical impedance analysis; MM-PG-SGA:
Muscle mass assessed by patient-generated subjective global

assessment; CT: Computed tomography.

The agreement between CT and the surrogate methods for the assessment of low
muscle mass is shown in Table 2. As can be seen, the kappa coefficients were indicative of
moderate agreement and the specificity was higher than the sensibility. Although showing low

sensibility, the physical exam had the highest kappa coefficient among all methods tested.

Table 2- Agreement between muscle mass evaluated by computed tomography and methods
applied in clinical practice (n = 188)

Kappa test Sensibility Specificity
(r:p) (o) (o)
CT vs AMAc 0.26 (<0.01) 50 85.9
CT vs Calf Circumference 0.32 (<0.01) 42.1 88.7
CT vs SMI-BIA 0.26 (<0.01) 30.4 97.7
CT vs MM-PG-SGA 0.48 (<0.01) 47.3 94.7

CT: Computed tomography; AMAc: Corrected mid-upper arm muscle circumference SMI: Skeletal muscle
index; BIA: Bioelectrical impedance analysis; MM-PG-SGA: Muscle mass assessed by patient-generated
subjective global assessment.

Table 3 and Table 4 describe clinical parameters, nutritional status, body composition
and physical function according to Low Muscularity groups defined by different muscle mass
methods. Differences between Low Muscularity and Normal Muscularity groups were

observed for sex when muscle mass was assessed by BIA and CT; for age when assessed by
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BIA; for performance status when assessed by calf circumference and physical exam (Table
3). These differences showed that the Low Muscularity group had higher proportion of males,
older patients and worse performance status. For all methods applied to assess muscle mass,
the patients in the Low Muscularity group had significantly lower BMI, higher prevalence of
malnutrition and lower values of phase angle, subcutaneous adipose tissue, % BF and visceral
adipose tissue (except for BIA) (Table 4). Moreover, handgrip strength was lower in Low
Muscularity group when assessed by AMAc, calf circumference and BIA and gait speed was
lower when assessed by AMAc, calf circumference and physical exam. Interestingly, in the
Low Muscularity groups, % BF was within the normal values and not indicating malnutrition.

Similarly, serum albumin was within the normal range (>3.5 g/dL) in both groups (Table 4).
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Table 3- Differences in clinical parameters between Low Muscularity groups defined by different muscle mass measurements (n=188)

AMAc Calf Circumference SMI - BIA MM-PG-SGA SMI - CT
Low Normal Low Normal Low Normal Low Normal Low Normal
muscularity muscularity muscularity  muscularity muscularity  muscularity muscularity — muscularity muscularity  muscularity
(n=18) (n=170) P (n=38) (n=150) P (n=102) (n=86) P (n=55) (n=133) P (n=33) (n=155) P

Male [n (%)] * 7 (39%) 101 (59%)  0.09 20 (53%) 88 (59%) 0.50 81 (79%) 27 (31%) <0.01 36 (66%) 72 (54%) 0.15 28 (85%) 80 (52%) <0.01
Age (years) ” 57.6+12.5 60.8+11.3 0.31 64+13.2 59.6+10.7 0.06 62+11.8 58.6+10.6 0.03 62.6+x11.4  59.6+11.3 0.10 62.4+11.3  60.1+11.4 0.27
PS [n (%)] 7

0 5(28%) 73 (43%) 0.43 10 (26%) 68 (46%) 0.03 43 (42%) 35 (42%) 0.99 15 (27%) 63 (48%) 0.02 12 (36%) 66 (43%) 0.75

1-2 13 (72%) 95 (57%) 28 (74%) 80 (54%) 59 (58%) 49 (58%) 40 (73%) 68 (52%) 21 (64%) 87 (57%)
Tumor Stage [n
(%)) 2 (11%) 39 (23%) 0.24 8 (21%) 33 (22%) 0.89 19 (19%) 22 (26%) 0.25 10 (18%) 31 (23%) 0.43 5 (15%) 36 (23%) 0.30

0-11 16 (89%) 131 (77%) 30 (79%) 117 (78%) 83 (81%) 64 (74%) 45 (82%) 102 (77%) 28 (85%) 119 (77%)

I-1v

Results are shown as n (%), mean * standard deviation or median (IQR Q1-Q3). AMAc: Corrected mid-upper arm muscle circumference; SMI: Skeletal muscle index; BIA:
Bioelectrical impedance analysis; MM-PG-SGA: Muscle mass assessed by patient-generated subjective global assessment; CT: Computed tomography; PS: Performance status; *
Chi-square test; ° t test; T N=186.
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Table 4- Differences in nutritional status and body composition between Low Muscularity groups defined by different muscle mass

measurements (n=188)

AMAc Calf Circumference SMI - BIA MM-PG-SGA SMI - CT
Low Normal Low Normal Low Normal Low Normal Low Normal
muscularity — muscularity muscularity muscularity muscularity muscularity muscularity muscularity muscularity muscularity
(n=18) (n=170) P (n=38) (n=150) P (n=102) (n=86) P (n=55) (n=133) P (n=33) (n=155) P
BMI (kg/m?) * 21.7¢4.9 27.9+5.1  <0.01 21.8+£3.2 28.7+4.9 <0.01 24.8+4.1 30.3+5.2 <0.01 21.7+2.4 29.6+4.5 <0.01 22.3+3 28.4+5.2 <0.01
PG-SGA BC [n (%)] " 14 (78%) 46 27%)  <0.01 25 (66%) 35 (23%) <0.01 43 (42%) 17 (20%) <0.01 47 (85%) 13 (10%) <0.01 26 (79%) 34 (22%) <0.01
Albumin (g/dL’ ** 4.1+0.5 4.4+0.4 0.07 4.1+£0.5 4.4+0.3 <0.01 4.4+0.4 4304 0.70 4.1x0.4 4.4+0.3 <0.01 4.2+0.3 4.4+0.4 0.03
CRP (mg/dL) 8 0.5(0.3-1.4) 04(0.2-09) 067 0.4(0.2-1.7) 0.4 (0.3-0.9) 0.95 0.4 (0.2-1) 0.5 (0.3-0.9) 0.84 04(02-14) 04(03-09) 053 0.4 (0.3-1.6) 0.4(0.2-09) 038
PA()* 4.9+0.8 57409  <0.01 4.9+0.9 5.8£0.9 <0.01 5.5+1 5.8+0.9 0.04 4.9+0.8 5.9+0.8 <0.01 4.9+0.7 5.8+0.9 <0.01
MA (HU) * 33.8+11 345+7.6  0.72 34.149.6 34.5+7.5 0.80 35.5+7.6 33+8.1 0.03 35.5+9.1 33.9+7.4 0.22 35.2+8.6 34.2+7.8 0.52
MFI (%) ¢ 7.7 (5.2-11.6) 53(3.1-9.6) 0.07 6.5(4.2-10.6) 5.5(3.1-9.2) 0.15  5.6(3.4-10.4) 5.5(3-8.6) 0.31 8 (4.7-11.7) 4.9(2.8-8.5) <0.01 7.1 (3.6-12.7) 533.294) 0.15
SAT (ecm?) 95(52-153) 170 (121-242) <0.01 99 (65-148) 182 (134-282)  <0.01  135(96-171) 224 (158-334) <0.01 96 (55-134) 206 (152-290) <0.01 103 (74-149) 182 (127-281) <0.01
VAT (em?) ¢ 53 (31-87) 134 (75-187) <0.01 58 (31-110) 142 (80-193) <0.01 115 (54-183) 139 (72-182) 0.27 54 (31-127) 143 (89-198) <0.01 78 (48-167) 134 (75-183)  0.02
Body fat (%) © 27 (17-36) 35(28-42)  0.02 27 (17-36) 35(28-42) <0.01 30 (23-35) 41 (34-49) <0.01 26 (19-33) 38 (3147)  <0.01 26 (20-33) 36 (30-45) <0.01
HGS (kg) ¢ 22 (18-29) 30 (24-37) <0.01 25 (18-29) 32 (24-38) <0.01 34 (26-37) 27 (22-32) <0.01 28 (20-35) 30 (24-38) 0.07 32(26-36) 29 (22-37) 0.50
GS (m/s)* 0.98+0.18 1.09+0.24  0.02 0.97+0.18 1.11+0.24 <0.01 1.11£0,24 1.05+0.24 0.09 1.03+0.24 1.11+0.24 0.04 1.09+0.25 1.08+0.24 0.97

Results are shown as n (%), mean + standard deviation or median (IQR Q1-Q3). AMAc: Corrected mid-upper arm muscle circumference; SMI: Skeletal muscle index; BIA: Bioelectrical

impedance analysis; MM-PG-SGA: Muscle mass assessed by patient-generated subjective global assessment; CT: Computed tomography; BMI: Body mass index; PG-SGA: Patient-generated

subjective global assessment; CRP: C-reactive protein; PA: Phase angle; MA: Muscle attenuation, MFI: Muscle fat infiltration; SAT: Subcutaneous adipose tissue; VAT: Visceral adipose
tissue; HGS: Handgrip strength; GS: Gait speed;  t test; ® Chi-square test; ° Mann-Whitney test; F N=168; "~ N=157.



72

After 17 months (interquartile range 12-23 months) of follow-up, there were 52
deaths. The number of deceased patients in the groups of low muscle mass were 8 when
assessed by AMAc, 16 by calf circumference, 32 by BIA, 25 by physical exam and 16 by CT,
representing 44%, 42%, 31%, 45% and 48% in each group respectively. Figure 3 shows the
survival plots by the different methods assessing low muscle mass. Of note, except for the
group of low muscle mass assessed by BIA, patients with low muscle mass had significantly
lower survival. The Cox model adjusted by sex, age and tumor stage (Table 5) showed that
the Low Muscularity group had an increased hazard ratio for mortality when muscle mass was
assessed by calf circumference, physical exam and CT, but not by AMAc and BIA. Of note,
muscle wasting assessed by the physical exam had the highest hazard ratio (HR: 2.58; 95%IC:
1.47-4.53) and C-statistic value (0.69) among all methods investigated.



107
Nermal
7 muscularity
(n=170)
- Low muscularity
3 7 (n=18)
"
L=
<
5 06
w
o
7
&
3 -
£ o4
5
5]
P=0.04
0.1
0.0 AMAc
T T T T T
10 15 20 25 30
Follow up (months)
1,01
Normal
T muscularity
(n=86)
= Low muscularity
08 7 (=102)
® o
; o SRR
5 057
(7
L
_h
B
3 04
§ P=0.2
0.29
0] SMI-BIA
I
Follow-up (months)
10
MNormal
T mus cularity
(n=155)
- Low muscularity
08 (n=33)
? i
z by
E D.E’ -—,1u‘
- SR
2 |
K
g 04
3
o P=<0.01
0.2
007 SMI-CT
T

Follow-up (months)

Cumulative Survival

Cumulative Survival

73

Nermal
=T muscularity
{n=150)
- Low muscularity
(n=38)
067 -
D e s SR SRS
044
P=<0.01
0.2
0 Calf circumference
T T T T T
10 15 20 5 30
Follow-up (months)
1,09
Nomal
I muscularity
(n=133)
- Low muscularity
0& " (n=85)
+ “lam
p 3
Tn
05 3l
i T e
S —
0.4
P= <001
0.2
007 MM-PG-SGA
0 5 o 15 ™ & 3

Follow-up (months)

Figure 3- Kaplan Meier survival curves of different muscle mass measurements (n=188).
AMACc: Corrected mid-upper arm muscle circumference; SMI: Skeletal muscle index;

BIA: Bioelectrical impedance analysis, MM-PG-SGA: Muscle mass assessed by patient-
generated subjective global assessment; CT: Computed tomography.
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Table 5- Multiple Cox regression analysis of different muscle mass measurements (n=188)

Variable HR 95% CI P C-statistic
Model 1*
Low muscle mass- AMAc 1.93 0.85;4.36 0.11 0.63
Model 22
Low muscle mass- Calf circumference 2.04 1.10; 3.75 0.02 0.65
Model 3°
Low muscle mass- SMI-BIA 1.17 0.61;2.25 0.62 0.63
Model 4°
Low muscle mass- MM-PG-SGA 2.58 1.47;4.53 <0.01 0.69
Model 5 2
Low muscle mass- SMI-CT 2.31 1.24;4.29 <0.01 0.65

AMAc: Corrected mid-upper arm muscle circumference; SMI: Skeletal muscle index; BIA: Bioelectrical
impedance analysis; MM-PG-SGA: Muscle mass assessed by patient-generated subjective global assessment;
CT: Computed tomography; HR, Hazard ratio; CI: Confidence interval; * Adjusted for age, sex and tumor
stage. The group with normal muscularity was taken as reference for the analysis.

4.2.4 Discussion

This study aimed to evaluate the agreement between CT with surrogate methods
highly applied in the clinical setting for the assessment of muscle mass and to assess the
prognostic value of low muscle mass with survival in a follow-up of 17 months in a
representative group of 188 well characterized CRC patients. Our main finding was that
among all methods tested, muscle wasting assessed by the physical exam from PG-SGA
showed the highest kappa coefficient and the best agreement with CT, which was taken as the
reference method. In addition, as expected, the Low Muscularity groups had higher proportion
of malnourished individuals and lower % BF. Depending on the method applied to assess
muscle mass, the Low Muscularity groups had lower handgrip strength and gait speed,
denoting lower strength and muscle function. Finally, the Cox regression models adjusted for
age, sex and tumor stage showed that, except for low muscle mass assessed by AMAc and
BIA, the Low Muscularity groups predicted higher mortality rates than the Normal
Muscularity group. Moreover, the method of the physical exam had the highest hazard ratio
and C-statistic value among all methods investigated. These results are aligned with the
notion that low muscle mass has a negative impact on outcome, which emphasizes the
importance of implementing its assessment by a method that can be easily used in the routine

care of cancer patients.
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In addition, we observed a wide variation on the prevalence of low muscle mass (9.6%
to 54.3%) depending on the method applied, which was similar to the reported findings in two
studies carried on patients with varying types of cancer (1, 2) . This large variability may be
explained not only by different methods applied, but also by distinct thresholds to screen for
low muscle mass. Although the European Working Group on Sarcopenia in Older People
recommends using normative data of the study population (24), researchers have used
different cutoff points of the distinct populations to assess low muscle mass and the results
may be difficult to interpret. Therefore, our findings together with those previous reported
highlights the importance of exploring which method has the best agreement with a reference
method. In this regard, we showed that the muscle deficit assessed by the physical exam from
the PG-SGA had the best agreement with CT, the later considered a gold standard method for
this end (28) and in an area that was shown to reflect the muscle mass of the whole body in
healthy individuals (17) and in patients with cancer (14). We speculate that the good
performance of physical exam may result from the fact that it includes the assessment of
seven sites of the body (temple, clavicle, shoulder, scapula, thigh, calf and interosseous
muscle), which will be rated according to the clinical judgement of the examiner in +1 (mild),
+ 2 (moderate) and +3 (severe) of muscle deficit. Hence, we hypothesize that it can yield a
better overall condition of muscle depletion than the other methods, such as calf
circumference and AMAc, that restricts the assessment to one site of muscle area. Preferably,
the physical exam should be performed by a trained dietitian, but other health care
professionals (nurses, physicians, physiotherapist) can also be trained for that. As there is no
need of equipment and the exam takes less than 10 minutes to be completed, it can be easily
implemented in the clinical setting, such as in outpatient clinics and hospitals. However, it
should be acknowledged that the physical exam has the disadvantage of not being an
objective measurement and therefore, can be subjected to a large inter and intra examiner
variability, which requires further investigation. In agreement with our results, Raeder et al. in
a study with 97 non-metastatic CRC patients identified 64% of sensitivity and 78% of
specificity of the physical exam from PG-SGA when compared with fat free mass estimated
by BIA (29). On the other hand, in a study from our group carried in non-dialyzed chronic
kidney disease patients, we failed to show a good agreement between CT and the physical
exam from Subjective Global Assessment (kappa coefficient in male: 0.32; sensitivity: 40%;
specificity: 88%; kappa coefficient in female: -0.12; sensitivity: 9%; specificity: 79%) (18).
The difference in the results between oncologic and chronic kidney disease patients may be

attributed to the characteristics related to the group itself. Chronic kidney disease patients are
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known to show fluctuation in the hydration status that is likely not to be visualized by the
physical exam (30), unless it comes as a pronounced edema. It indicates that the performance
of methods assessing body composition and therefore, low muscle mass, should be carefully
investigated in different clinical settings. In addition, it should also be kept in mind that the
results from our study, as well from the previous one in patients with cancer showed a better
specificity than sensibility of the physical exam to diagnose muscle wasting, suggesting a
limited capacity to detect the true cases of low muscle mass. Despite of these findings, the
physical exam was able to differentiate nutritional status between patients with and without
muscle wasting.

Also of note, in our findings the Low Muscularity group had worse nutritional status
than the Normal Muscularity group, as depicted by higher prevalence of malnutrition by PG-
SGA, lower values of phase angle, BMI, abdominal subcutaneous adipose tissue and % BF.
However, in all groups of low muscle mass, the mean % BF was not indicative of low values,
suggesting that overweight and obesity can occur together with low muscle mass, which is
known as sarcopenia obesity (4-7). Similarly, for all methods applied, serum albumin was
indicative of normal values, that is above 3.5 g/dL, even in the Low Muscularity group, which
is aligned with the median CRP levels denoting low degree of inflammation, suggesting that
serum albumin is not a marker of low muscle mass, but most likely, a response of an
inflammatory condition. Finally, phase angle, considered a marker of the amount and quality
of soft tissue mass (31), was able to detect the differences between the group with and without
muscle loss.

Finally, we furthered our analysis by investigating the prognostic outcome on overall
mortality of low muscle mass diagnosed by different methods. Except for AMAc and BIA,
low muscle mass diagnosed by the remaining methods were able to predict overall mortality
in the models adjusted for sex, age and cancer stage. Our findings are not in accordance with a
previous study (32) in which among the methods applied to diagnose for cachexia in patients
with cancer, AMAc had the higher hazard ratio compared to the other methods investigated
(HR: 2.00 (95% CI: 1.42; 2.83) for AMAc; HR: 1.64 (95% CI: 1.15; 2.34) for CT and 1.50
(1.05; 2.14) for BIA). The lack of agreement with our results is likely to be explained by the
fact that Blauwhoff-Buskermolen et al. (32) applied different cutoffs for AMAc, BIA and CT
and assessed muscle mass by CT in L3 and in fourth thoracic vertebra, while we assessed at
L3. Moreover, in our study, the physical exam had the highest hazard ratio for mortality (HR:
2.58; 95%IC: 1.47-4.53) and the higher C-statistics (0.69). We are not aware of studies in

patients with cancer testing the prognostic effect of muscle wasting assessed by the physical
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exam on overall mortality. But in nondialyzed and dialyzed patients, Carrero et al. (33) also
showed that mortality was significantly higher in patients having muscle depletion by
physical exam, which is in agreement with our results. Altogether, muscle wasting assessed
from the physical exam had the best agreement with CT, was able to differentiate nutritional
status measured by objective measurements and had the best predictive results in the survival
analysis.

The strengths of the present study include the measurement of muscle mass by four
surrogate methods and one reference method, all performed by the same trained researcher
and in a representative and relatively large sample of CRC patients. Moreover, our findings
showing the reliability of the physical exam for the assessment of muscle wasting has
important clinical application allowing its implementation in the routine when screening
patient with high need of nutritional care. The limitations include the lack of a long-term
follow up, the use of a convenient sample and the lack of reference values for low muscle
mass from Brazilian normative tables, except for calf circumference. Therefore, future
prospective studies are warranted to confirm our findings.

In conclusion, physical exam showed the highest kappa coefficient and the best
agreement with CT. Low Muscularity groups had higher proportion of malnourished
individuals and lower values of % BF and phase angle. Although calf circumference, physical
exam and CT were independent factors of mortality in patients with CRC, physical exam
showed the strongest predictive results in the survival analysis among all methods

investigated.
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CONSIDERACOES FINAIS

Condigdes clinicas que apresentam como caracteristica comum o estado pro-
inflamatério ¢ o aumento do catabolismo proteico podem predispor a perda de massa
muscular, & mioesteatose ¢ ao desenvolvimento de sarcopenia (98, 99). A perda de massa
muscular ¢ a mioesteatose sdo frequentes em pacientes com cancer ¢ podem estar presentes
tanto em individuos com caquexia quanto em individuos com sobrepeso e obesidade (98, 100-
102). Além disso, a mioesteatose estd fortemente associada com a fun¢do muscular
independente de massa muscular (103-106). O desfecho negativo de ambas as condi¢des esta
no desenvolvimento da sindrome da fragilidade, piora da qualidade de vida e aumento na taxa
de morbimortalidade (98, 107-111).

Na atualizagdo no consenso de 2010 publicado em 2018, o EWGSOP recomenda a
avaliagdo da massa e¢ qualidade muscular no intuito de se confirmar o diagnéstico de
sarcopenia (112). Diferentes métodos e pontos de corte podem ser empregados para o
diagnoéstico de reducdo de massa muscular (113). Contudo, sdo escassos os estudos que
comparam os métodos de avaliagdo da massa muscular disponiveis na pratica clinica com um
método de referéncia.

A partir de uma amostra de pacientes com cancer colorretal, foram desenvolvidos dois
estudos com objetivos diferentes, mas que convergiam na avaliacdo da massa e qualidade
muscular. No primeiro estudo, que teve como objetivo explorar os determinantes da
mioesteatose e sua associagdo com os componentes da fragilidade, observou-se que a gordura
corporal e a velocidade da marcha foram fatores determinantes da mioesteatose e que a
mioesteatose estava associada a fragilidade em pacientes obesos com cancer colorretal. No
segundo estudo, que buscou avaliar a validade dos métodos de avaliacdo da massa muscular
utilizados na pratica clinica em comparacdo com a TC, considerada padrdo ouro para esse
fim, observou-se que o exame fisico foi o0 método com melhor concordancia com a TC além
de apresentar maior valor preditivo para mortalidade em relagdo aos demais métodos
avaliados. O grupo com redugdo de massa muscular avaliada por diferentes métodos
apresentou maior prevaléncia de desnutricdo e menor valor de IMC, gordura corporal e
angulo de fase. Ademais, a prevaléncia de reducdo de massa muscular encontrada variou de
9,6 a 54,3% a depender do método aplicado para avaliagdo de massa muscular.
Adicionalmente, a gordura corporal ndo se apresentou reduzida, mesmo nos grupos
classificados com redu¢do de massa muscular, o que enaltece a importancia do rastreamento

para redugdo de massa muscular mesmo em individuos com sobrepeso. O pior prognostico de
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sobrevida notado nos grupos de reducdo de massa muscular corroboram a importancia do
rastreamento para redu¢do de massa muscular.

A partir desses achados, ¢ possivel destacar a importancia de se avaliar a massa e a
qualidade muscular em pacientes com céancer. Apesar da avaliagdo da massa e qualidade
muscular serem uma etapa necessaria para o diagnoéstico de sarcopenia, os métodos
disponiveis para a avaliagdo da qualidade muscular ndo estdo disponiveis na pratica clinica.
No entanto, a detec¢do da redugdo de massa muscular possibilita o inicio de intervencoes
terapéuticas precoces e possivelmente com maior chance de éxito. Do mesmo modo, na
inviabilidade de se utilizar um método padrdo ouro para avaliacdo da massa muscular, foi
observado que técnicas simples e de baixo custo, como o exame fisico, apresentaram boa
correlacdo com a TC no grupo de pacientes com céancer colorretal. Dessa forma, este trabalho
aponta para medidas que permitam o uso corrente na pratica clinica de avaliacdo desse
compartimento da composicdo corporal. Os pontos de corte capazes de diagnosticar redugéo
de massa muscular e que se associam com pior desfecho de morbimortalidade em pacientes
com cancer se mantém ainda a serem investigados, sendo esse, um importante objeto de

investigacdo para pesquisas futuras.
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APENDICE A— Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do Projeto: VALIDACAO DOS DIFERENTES METODOS DE AVALIACAO DA
MASSA MUSCULAR UTILIZADOS NA PRATICA CLINICA NA AVALIACAO DA
SARCOPENIA EM PACIENTES COM NEOPLASIA COLORRETAL

Nome do voluntario:

Vocé esta sendo convidado (a) a participar de um estudo que ird comparar diferentes
métodos utilizados para avaliar a quantidade de musculo distribuido no corpo em pacientes com
cancer de intestino atendidos no Hospital do Cancer I (HCI) no Instituto Nacional de Cancer (INCA).
Este estudo é coordenado pela professora Dr* Carla Maria Avesani (Universidade Estadual do Rio de
Janeiro) e pela pesquisadora Nilian Souza (nutricionista do INCA).

JUSTIFICATIVA

O cancer ¢ uma doenga que pode causar ma nutrigdo, perda de peso e de musculo podendo
interferir negativamente na resposta ao tratamento e¢ na qualidade de vida. A tomografia
computadorizada é considerada um dos métodos para avaliacdo da quantidade de musculo distribuida
no corpo. Considerando que os exames de tomografia computadorizada sdo pedidos pelo médico
durante o periodo de tratamento do cancer, as imagens podem ser aproveitadas para esta avaliacdo.

Para que vocé possa decidir se quer participar ou ndo deste estudo, precisa conhecer seus
beneficios, riscos e implicagoes.

OBJETIVO DO ESTUDO

Neste estudo vamos comparar alguns métodos utilizados para avaliacdo da quantidade de
musculo, como a impedancia bioelétrica, a antropometria e avaliagdo subjetiva global produzida pelo
paciente (ASG-PPP) (explicados a seguir), com o exame de tomografia computadorizada em pacientes
com cancer de intestino.

PROCEDIMENTOS DO ESTUDO

Aceitando participar do estudo e apés a assinatura desse Termo de Consentimento Livre e
Esclarecido, vocé participara de uma avaliagdo e passara por uma coleta de sangue que serdo
realizadas no mesmo dia que estd marcado o exame de tomografia computadoriza solicitado pelo
médico responsavel pelo seu tratamento. A avaliacdo sera realizada nas dependéncias da radiologia,
localizada no 2° andar, antes da realizagdo da tomografia computadorizada, e tera duragdo de 60 a 90
minutos.

Coleta de sangue: serdo coletados 1 (um) tubo de 10ml, correspondente a uma colher de
sopa, por um profissional capacitado, para dosagem de proteinas e glicose do sangue e avaliagdo da
func¢do renal.

Antropometria: serdo aferidos (medidos) seu peso, altura, circunferéncia do brago,
panturrilha e cintura (com fita métrica), e dobra cutanea na parte de tras do seu braco (com uma pinga
especial chamada adipdmetro).

Impedéancia bioelétrica: sera solicitado que vocé deite na maca de barriga para cima com os
bragos e as pernas afastados do corpo. Serfo colocados adesivos (como os usados no
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eletrocardiograma) nas maos e nos pés e nestes adesivos serdo conectados fios que serdo ligados ao
aparelho. Os dados obtidos serdo registrados e usados para as analises do estudo. Estas medidas sdo
rapidas e ndo causardo dor nem desconforto.

Os dados do exame de tomografia computadorizada serdo aproveitados para avaliar a
quantidade de musculo do corpo.

Vocé devera estar em jejum de 8 (oito) horas para que sejam feitas a coleta de sangue, a
impedancia bioelétrica e a tomografia computadorizada.

Avaliacdo subjetiva global produzida pelo paciente (ASG-PPP): ¢ um questiondrio
autoexplicativo dividido em 3 (trés) partes com duragdo de aproximadamente 10 (dez) a 15 (quinze)
minutos. Na primeira parte vocé respondera perguntas sobre peso, altura, tipo e quantidade de
alimentagdo ingerida, sintomas que podem interferir na sua alimentagdo e atividade fisica. Na segunda
parte, serdo registrados dados da sua ficha de acompanhamento, como tipo e localizagdo da doenga,
idade, outras doengas, tratamentos ja realizados e a presenga de febre e/ou uso de remédios. Na
terceira parte sera realizado o exame fisico. Nessa etapa vocé devera estar deitado na maca onde o
pesquisador verificard se vocé tem sinais de ma nutrigdo como perda de musculo e de gordura e
inchaco.

Vocé também sera avaliado pelo teste da forga de preensdo manual (for¢a do aperto de mao)
na mao esquerda e direita utilizando um aparelho chamado dinamdmetro. A medida sera realizada em
trés momentos com um intervalo de um minuto entre as medidas. Vocé também realizara um teste que
avalia sua velocidade de caminhar. Sera solicitado que vocé caminhe uma distancia de 4 (quatro)
metros. Serdo cronometrados os tempos das duas caminhadas (ida e volta), com intervalo de
aproximadamente 15 segundos cada uma. Além disso, sera aplicado um questionario que avalia seu
nivel de atividade fisica e cansaco.

RISCOS

O seu tratamento sera exatamente o mesmo caso voc€ participe ou ndo deste estudo. Toda
pesquisa possui um risco € no caso de participar deste estudo serei submetido a um questionario onde
meu maior desconforto sera respondé-lo. As medidas de peso, altura, circunferéncias (brago,
panturrilha e cintura), dobra cutinea do braco e o exame de impedéancia bioelétrica ndo trardo
desconforto. O exame fisico podera lhe causar uma sensagdo de cocegas, porém nao sera doloroso. A
coleta de sangue pode ocasionar leve dor no local ou manchas roxas passageiras. Os testes que avaliam
sua velocidade de caminhar e a for¢a do aperto de mao podem ocasionar cansaco e queda. Caso vocé
apresente algum sintoma de cansago os testes ndo serdo realizados. O risco relacionado a realizagao do
exame de tomografia computadorizada ¢ a sua exposi¢ao a radiagdo.

BENEFICIOS

A participacdo no estudo ndo trara beneficios diretos a vocé. No entanto, com o resultado
dessa pesquisa poderemos encontrar um método de avaliagdo da quantidade de musculo mais pratico e
simples e, desta maneira, tentar prevenir e recuperar a perda de muisculo, o que pode melhorar a
resposta ao tratamento e a qualidade de vida do paciente com céncer.

ACOMPANHAMENTO, ASSISTENCIA E RESPONSAVEIS.

Durante a participagdo no estudo vocé sera acompanhado pela nutricionista Nilian Souza que
faz parte da equipe de nutricionistas do hospital (INCA) e tem o direito de ser mantido atualizado
sobre os resultados parciais e finais da pesquisa.
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CARATER CONFIDENCIAL DOS REGISTROS

Seus registros médicos poderdo ser consultados pela equipe que participara do estudo e pelo
Comité de Etica em Pesquisa do Instituto Nacional de Cancer (CEP-INCA). Seu nome nio sera
revelado em hipotese alguma. Antes de processar os resultados, seus dados pessoais serdo totalmente
transformados em niimeros que ndo permitirdo a sua identificagdo. Assim, as informagdes de seu
registro médico serdo utilizadas para propositos de publicacdo, que ocorrerdo independentemente dos
resultados obtidos.

TRATAMENTO MEDICO EM CASO DE DANOS

Todo e qualquer dano decorrente do desenvolvimento deste projeto de pesquisa, € que
necessite de atendimento médico, ficara a cargo da instituigdo (INCA). Seu tratamento e
acompanhamento médico ndo dependem de sua participagdo neste estudo.

CUSTOS

Nao havera qualquer custo ou forma de pagamento a vocé pela sua participagdo no estudo.
Todos os procedimentos referentes ao estudo serdo realizados no mesmo dia que estd marcado o
exame de tomografia computadoriza solicitado pelo médico responsavel pelo seu tratamento. Nao sera
necessario comparecer ao hospital fora deste dia, assim, ndo ha necessidade de gastos extras.

BASES DA PARTICIPACAO

E importante que vocé saiba que a sua participacio neste estudo é completamente voluntéria
e que voce pode se recusar a participar ou interromper sua participacdo a qualquer momento, sem
penalidades ou perda de beneficios aos quais vocé tem direito. Se vocé€ decidir interromper sua
participagdo, a equipe participante do estudo devera ser informada.

GARANTIA DE ESCLARECIMENTOS

A qualquer momento vocé e seus familiares poderdo fazer perguntas sobre o estudo. Quando
isto for necessario, ligue para a nutricionista Nilian Souza no telefone (21) 98530-0149. Se vocé quiser
saber seus direitos como participante do estudo, também podera entrar em contato com o Comité de
Etica em Pesquisa (CEP) do INCA, situado a Rua do Resende, 128 , sala 203, Centro, Rio de
Janeiro, telefones (21) 3207- 4550 ou (21) 3207-4556 (horario de atendimento: de 9 as 12h e de 14 as
16h), ou também pelo e-mail: cep@inca.gov.br. O CEP ¢ formado por profissionais de diferentes
areas, que revisam os projetos de pesquisa que envolvem seres humanos, para garantir os direitos, a
seguranga e o bem-estar de todos as pessoas que se voluntariam a participar destes.

Li as informagdes acima e entendi o proposito, beneficios e riscos deste estudo. Tive a
oportunidade de fazer perguntas e todas foram respondidas. Entendo que nédo receberei compensagio
monetaria para minha participacdo neste estudo. Eu, por intermédio deste, dou livremente meu
consentimento para participar neste estudo.

Eu recebi uma via assinada deste formulario de consentimento.
/ /

(Assinatura do Paciente) dia més ano

(Nome do Paciente — letra de forma )
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(Assinatura de Testemunha, se necessario) dia més ano

Eu, abaixo assinado, expliquei completamente os detalhes relevantes deste estudo ao
paciente indicado acima e/ou pessoa autorizada para consentir pelo paciente.
/ /
(Assinatura da pessoa que obteve o consentimento) dia més ano
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APENDICE B — Formulario de coleta de dados

I - Identificacio

Ne Identificacdo (ID):

Data da realizacdo TC (DATA_TC): / /

1? consulta (DATA_PRONT): / /

Tempo de tratamento (MESES INCA): meses

Inicio tratamento (INICIO _INCA): ( 0) Outros hospitais (1) INCA
Data de nascimento (DAT_NASC): / /

Idade (IDADE): anos

Faixa Etaria (F_ETARIA):  (0) Adulto (1) Idoso (> 65 anos)
Sexo (SEXO): (0)Feminino ( 1) Masculino

Performance Status (PS):  (0) (1) (2) (3) (4)

II — Historia da Doenca Atual

Localizagdo do tumor (LOC_TUM):

(1) colon (2) retossigmoide (3)reto (4 ) canal anal

Classificagdo Internacional de Doengas (CID):

CID de matricula (CID_MAT):

Estadiamento (ESTAD): (0)0 (1)I (2)II (3)II (4)IV

Estadiamento TNM (ESTAD TNM):

Metastase a distdncia (MTX): (0)Sim (1) Nao

Local (LOCAL MTX):

(0 )figado ( 1 )pulmao ( 2 )LFN a distancia ( 3 )peritonio ( 4 )osso ( 5 )SNC (6)ovario

(7) Gtero (8) > 2 locais (9) NA (10) Outros

Momento do tratamento (MOM_TRAT): (0)Pré (1) Durante (2)Po6s

Fim do tratamento (FIM_TRAT): / /

Duragdo tratamento (MESES TRAT CONT): meses

Tratamento atual (TRAT AT): (0)QT (1 )RxT(2)QTeRxT(3)Pré OP(4)PosOP (5)
Outros (6)NA

Medicamentos (MED_QT): (0)SFU+LV (1)FOLFOX (2)FLOX (3)FOLFIRI (4)Xeloda (5)Xelox
(6)Cetuximabe (7)Bevacizumabe (8)Outros (9)NA

Dose RT (DOSE_RTX):

Tipo cirurgia (TIPO_CIR): (0) RAR (1) RAP (2) colectomia (3) hepatectomia (4) lobectomia
(5)Outros (6) NA

Finalidade do tratamento (FINA TRAT): (0) Curativo (1) Neoadjuvante (2) Adjuvante

(3) Paliativo (4) Néo definido

Tratamento prévio (TRAT PREVIO): (0)QT (1)RxT (2)QTeRxT (3)CIR (4)QTe
CIR (5)RxTeCIR (6)QT,RxTeCIR (7)Outros (8)NA

Medicamentos (MED_QT PREV): (0)5SFU+LV (1)FOLFOX (2)FLOX (3)FOLFIRI (4)Xeloda
(5)Xelox (6)Cetuximabe (7)Bevacizumabe (8)Outros (9)NA

Dose RT (DOSE_RTX PREV):

Tipo cirurgia (TIPO_CIR_PREV): (0) RAR (1) RAP (2) colectomia (3) hepatectomia

(4) lobectomia (5) Outros (6) NA

Historia de neoplasia pregressa - ha mais de 5 anos (HNP):  (0)Sim (1) Nao

111 — Historia Social
Co-morbidades* (COMORB): (1) Nao (2) HAS (3) DM (4) HASe DM (5) ICC (6) IRC (7) IR (8)
Outras (9) HAS e outras (10) DM e outras

Uso de medicamentos (USO_MEDIC): (0) Sim (1) Nao

Medicamentos (MEDIC):

Estado civil (EST_CIV): (0) Solteiro (1) Casado/amasiado (2) Viuvo (3) Divorciado/Separado
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Raca (RACA): (0) Negra (1)Parda (2)Branca (3) Amarela (4) Indigena
Renda familiar (RF_SALMIN): (1) <1 sal (2) 1-2 sal (3) 2-3 sal (4) 3-4 sal (5) 4-5 sal
(6) >5sal (7) Néo sabe

Principal provedor (PRINC PROV): (0) Proprio (1) Outro (3 ) Ambos

N° pessoas que contribuem com a renda (PES_REND):

NP° pessoas na moradia (PES_ MOR):

Anos de estudo (AN_EST): anos

Sabe ler (LE): (0)Sim (1) Nao

Sabe escrever (ESCREV):  (0)Sim (1) Nao

Ocupagdo atual (OCUP_AT): (0)Sim (1)Nao

Aposentado (APOS):  (0)Sim (1)Nao

IV — Informacdes Nutricionais

Terapia Nutricional (TN):  (0)Sim (1) Nao

Via (VIA_TN): (0)Oral (1)Enteral (2)OraleEnteral (3)NA
Momento (MOM_TN): (0) Atual (1) Pregressa (2)NA

Peso atual (PESO_AT): kg, Peso relatado (PESO_RELAT): kg

Altura (ALT): m, Indice de massa coporal (IMC): kg/m?

Peso relatado 6 meses (PESO_6M): kg, Percentual perda de peso 6m (PPP_6M): %
Peso relatado 1 ano (PESO _1A): kg, Percentual perda de peso 1 ano (PPP_1A: %,
Circunferéncia do brago (CB): cm, Prega cutanea tricipital (PCT): cm
Circunferéncia muscular do Brago (CMB): _ cm

Area muscular do braco corrigida (AMBc)  cm

Circunferéncia panturrilha (CPANT): cm

Circunferéncia cintura (CCINT): cm, Circunferéncia quadril (CQUADRIL): cm

BIA
Resisténcia (RES): , Reactancia (REAC): ,
Resisténcia Reactancia

1? aferi¢do
2% aferi¢do
3* aferi¢ao

TC

Area Muscular (MM_L3): cm’, Atenuagdo Muscular (MA): HU

Indice Muscular Esquelético lombar (SMI_L3)": cm?’m?, Gordura subcutinea
(SAT_TC): cm’,

Gordura visceral (VAT _TC): cm?, Gordura intramuscular (IAT_TC): cm’

Bioquimica:
Albumina (ALB): g/dl, Pré-albumina (PRE_ALB): g/dl, Glicemia(GLI): mg/dl, Proteina
C-Reativa(PCR): mg/dl, Creatinina (CREAT): mg/dl

ASG-PPP
Escore (ESCORE_ASG) = , Classiﬁcagﬁor (CLASS ASG): (A ()B (2)C
Exame fisico: Reserva muscular (ESCORE_.MUSCULO) 00 (1)+1 (2)+2 (3)+3

Reserva adiposa (ESCORE_GORDURA) @0 (H+1 2)+2 3)+3
Estado de hidratagdo (ESCORE _HIDRATACAO) (0)0 (1)+1 (2)+2 (3)+3

Fendtipo de Fragilidade:
1-Perda de peso ndo intencional igual ou superior a 3 kg no ultimo ano:
Perda de peso real = peso obtido na avaliagdo — peso registrado em prontudrio 1 ano antes
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2-For¢a de preensdo manual:
*Marcar um “X’’ na mao dominante

Mao Direita () Mao Esquerda ()
1° medida
2° medida
3° medida
Maior forca de preensio manual (FORCA PREENSAO): kg

3-Fadiga relatada (FADIGA):

(a) “Com que freqiiéncia, na ultima semana, o (a) Sr (a) sentiu que tudo que fez exigiu um grande
esforgo/foi muito custoso?” 0( ) 1( ) 2( )3( )

(b) “Com que freqiiéncia, na ultima semana, o (a) Sr (a) sentiu que ndo conseguia levar adiante as
suas coisas (iniciava alguma coisa mas ndo conseguia terminar?”

0C)1()2()3()

As respostas para ambas as questdes serdo:

0= nunca ou raramente (< 1 dia),

1= Poucas vezes (1-2 dias),

2= Algumas vezes (3-4 dias) ou,

3= A maior parte do tempo

4- Velocidade de caminhada:

Teste da marcha com 4,6m Tempo (segundos) m/s
Ida

Volta

Menor tempo no teste de velocidade de caminhada: segundos
Velocidade de caminhada (VEL_CAMINHADA): m/s

*Utilizou algum auxiliar de marcha (AUXILIAR MARCHA)? (1) Nao (2) Andador (3) Bengala
(4) Muletas (5) Outro
*Registrar motivo da ndo realizagdo de alguma etapa:

5-Atividade fisica - Questionario Internacional de Atividade Fisica - IPAQ - versio curta

1a. Em quantos dias da ultima semana voc€ CAMINHOU por pelo menos 10 minutos continuos em
casa ou no trabalho, como forma de transporte para ir de um lugar para outro, por lazer, por prazer ou
como forma de exercicio?

dias por SEMANA () Nenhum

1b. Nos dias em que vocé caminhou por pelo menos 10 minutos continuos, quanto tempo no total vocé
gastou caminhando por dia?

Segunda Terga Quarta Quinta Sexta Sabado Domingo

Total: horas minutos

2a. Em quantos dias da ultima semana, vocé realizou atividades MODERADAS (precisam de algum
esforgo fisico) por pelo menos 10 minutos continuos, como, pedalar leve na bicicleta, nadar, dangar,
fazer ginastica aerdbica leve, jogar volei recreativo, carregar pesos leves, fazer servicos domésticos na
casa, no quintal ou no jardim como varrer, aspirar, cuidar do jardim, ou qualquer atividade que fez
aumentar moderadamente sua respiragio ou batimentos do coragio (POR FAVOR NAO INCLUA
CAMINHADA).

dias por SEMANA () Nenhum
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2b. Nos dias em que vocé fez essas atividades moderadas por pelo menos 10 minutos continuos,
quanto tempo no total vocé gastou fazendo essas atividades por dia?

Segunda Terca Quarta Quinta Sexta Sabado Domingo

Total: horas minutos

3a Em quantos dias da tltima semana, vocé realizou atividades VIGOROSAS (precisam de um
grande esforgo fisico) por pelo menos 10 minutos continuos, como, correr, fazer ginastica aerobica,
jogar futebol, pedalar rapido na bicicleta, jogar basquete, fazer servigos domésticos pesados em casa,
no quintal ou cavoucar no jardim, carregar pesos elevados ou qualquer atividade que fez aumentar
MUITO sua respiragao ou batimentos do coragao.

dias por SEMANA () Nenhum

3b Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos continuos quanto
tempo no total vocé gastou fazendo essas atividades por dia?

Segunda Terga Quarta Quinta Sexta Sabado Domingo

Total: horas minutos

As ultimas questdes sdo sobre o tempo gasto sentado todo dia, no trabalho, em casa e durante o tempo
livre. No incluir o tempo gasto sentando durante o transporte em Onibus, trem, metré ou carro.

4a. Quanto tempo no total vocé gasta sentado durante um dia de semana (TSENT_SEMANA)?
horas min

4b. Quanto tempo no total vocé gasta sentado durante um dia de final de semana
(TSENT_FSEMANA)? horas m




Identificacio N°:

ANEXO A - Avaliacdo subjetiva global produzida pelo paciente

Sexo:

1. PESO (vaja anexo 1)

Resumo do meu peso atual e recente:

Ev atualmente peso aproximadamente:____,___ Kg

Eu fenho aproximadamente 1 mefro e m

Ha um més alrds ev pesava aproximadamente: Ky
Hd seis meses atrds eu pesava aproximadamente____,_ Kg

Durante as 2 dlfimas semanas meu peso:

[ Diminuiv (1) [ ficou igual (0) [ Aumentou (0)

(aixa 1 l:l

3. SINTOMAS: Durante s 2 iltimas semanas, eu fenho fido
os seguintes problemas que me impedem de comer o suficiente
(marque todos os que estiver sentindo):

["Isem problemas para se alimentar (0)

[sem apetite, apenas sem vontade de comer (3)

[Indusea (1) [ vémito (3)

[ eonstipacdo (1) [ diarréia (3)

[ faridas na boca (2) [ boca seca (1)

[ Jalimentos tém gosto estranho ou ndo tém gosto (1)

[los cheiros me enjoam (1)

(1 problemas para engolir (2)

[ rapidamente me sinta satisfaito (1)

[Idor; onde? (3)
([loutres*: (1)
** ex. depressdo, problemas dentdrios ou financeiros

(aixa 3 |:|

2. INGESTAO ALIMENTAR: Em comparacdo a minha alimentacdo normal ey
poderia considerar minha ingestdo alimentar duranfe o dlfimo més como:

[ sem mudangas (0)

(] mais que o normal (0)

(] menas que o normal (1)
Atvalmente, ev estou comendo:
[ comida normeal (alimentos slidos) em menor quantidade (1)
[ ] comida normel (alimentos sdlidos) em pouca quantidade (2)
[ apenas liquidos (3)

[ apenas suplementos nuiricionais (3)

[ muito pouco de qualquer comida (4)

[ apenas alimentos por sonda ou pela veia (0)

(aixa 2 I:l

4. ATIVIDADES E FUNGAO: No ilfimo més, eu consideraria minha atividade

como:

[ Normal, sem nenhuma limitacdo (0)

(] Néo totalmente normal, mas capaz de manter quase fodus s afividades
normais (1)

["1Ndo me sentindo bem para o maioria das coisas, mas ficando na cama ou
na cadeira menos da mefade do dia (2)

[ capaz de fazer pouca afividade, e passando a maior parte do tempo na
cadeira ov na cama (3)

[ bastante tempo acamado, raramente fora da cama (3)

(aixa 4

Somatério dos escores das caixas 1 a 4 |:| A

0 restante do questiondrio serd preenchido pelo seu médico, enfermeira ou nutricionista. Obrigada.

5. DOENCA E SUA RELACAO COM REQUERIMENTOS NUTRICIONAIS (Veja anexo 2)

Todos os diagnésticos relevantes (aspecifique):

Estadiamento da doenca priméria (circule se conhecido ou apropriado) I 11 111 IV Qutro:

Idade:

Escore numérico do anexo 2 I:I B

6. DEMANDA METABOLICA (Veja anexo 3)

Escore numérico do anexo 3 |:| C

7. EXAME FISICO (Veja anexo 4)

Escore numérico do anexo 4 I:I D

AVALIAGAO GLOBAL (Veja anexo 5)

("] Bem Nutrido ou anabélico (ASG-A)

[ Desnutricdio moderada ou suspeita (ASG-B)
L1 Gravemente desnuirido (456-C)

Escore Total da ASG produzida pelo paciente:
Escore numérico total de A+B+C+D acma
(Siga as orientacdes de triagem abaixo)

Recomendacdes de triagem nutricional: a somatdria dos escoras é utilizada para definir intervencdes nutricionais especificas, incluindo a orientagdo do
paciente e seus familiares, manuseio dos sinfomas incluindo infervencoes farmacoldgicas e infervencdo nutricional adequada (alimentos, suplementos
nutricionais, nulricdo enteral ou parenteral). A primeira fase da infervencdo nuricional inclui 0 manuseio adequado dos sinfomas.

0— 1: Nio hd necessidade de intervencdo neste momento. Reavaliar de forma rotineira durante o fratomento.

2 — 3: Fducacdio do paciente e seus familiares pelo nutricionista, enfermeira ou outro profissional, com intervencdo farmacoldgica de acordo com o

inquérita dos sinfomas (caixa 3) e exames lboratoriis sa adequado.

4 — 8 Necessita infervencdo pela nutricionista, juntamente com a enfermeira ou médico como indicado pelo inquérito dos sintomas (caixa 3).
= 9: Indica necessidade critica de melhora no manuseio dos sinfomas a/0u opcdes de intervengdio nutricional.
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produzida pelo padiente (ASG-PPP)
As caixas de 1 a 4 do ASG-PPP foram feafus para serem preenchidas pelo paciente. 0 escore numérico da ASG-PPP é determinado usando: 1) os pontos entre parénteses anofados nas
aixas 1 a4 e 2) na folha ebaixo para ifens nio pontvados enire parénteses. Os escores pare as coixas T e 3 sio wditivos dentro de coda caixa e os escores dus cixas 2 e 4 sio
baseados no escore mais alfo marcado pelo paciente.

Anexo 1 - Fscore da perda de peso

Anexo 2 - (ritério de pontuacdo para condicao
Para deferminar o escore, use o peso de 1 més atras se disponivel. Use o peso de 6

A pontuacie é obtida pelo adicio de 1 ponfe para coda condicdo listada abaixo

meses afrds apenas se ndo fiver dodos do peso do més passado. Use os pontos abaixo que o paciente apresenfe.

para penfuar as mudencas do peso e acrescenie pontos exiras se o padenfe perdey Cafegoria Ponfos
peso nas 2 dltimas semanas. Coloque a ponfuacdo fotal no caixa 1 da ASG-PPP. Cdincer 1
Perdo de peso em | més  Ponfos Perda de pese em & meses AlDs 1
10% ou mais 4 20% ou mais Coquexia pulmonar ou cardiaca 1
5-99% 3 10-19.9% Ulcera de decibito, ferida aberfa ou fistula 1
3-49% 2 6-99% Presenca de frauma 1
2-29% 1 7-59% Idade maior que 65 anos 1
0-19% 0 0-19%

Pentuacie para o anexo 2

Ponfuacio para o anexo 1 2
Anofe na caixa B

Anole na aixa A

] [ ]

Anexo 3 - Ponfuacio do estresse mefabalico

0 estore pora o estresse mefabdlico é deferminado pelo nimero de variaveis conhedidas gue as necessitodes colaricos e proféicas. O escore € aditivo sendo que se
o paciente tem febre > 38.95C (3 pontos) e toma 10mg de prednisona cronicamente (2 pontos) teria uma pentuacdo de 5 pontos para esta secdo.

Estresse Nenhum (0) Baixo (1) Moderado (2) Alro (3)

Febre Sem febre >37,2e<383¢ =383e< 3894 =38,9°C

Duracdio do Febre Sem febre < 72 horas 72 horas > 72 horas
Corticosterdides Sem corticosterdides dose baixa dose moderada dose alfa

(< 10mg prednisona/dia) (= 10 a < 30 mg prednisona)

Pontuacdo para o anexo 3
Anote na caixa €

(= 30 mg prednisolona)
Anexo 4 - Exame fisico

0 exame fisico inclui o avaliocdo subjetiva de 3 ospedtos da composicdo corporal: gordura, misculo e estado de hidratacdo. Como é subjefiva, cada aspecto do exame ¢ groduado pelo
grou de defict. 0 déficit muscular tem maior impacia no escore do que o déficit de gerdvro. Definicio dos categerias 0 = sem défidt, 1+ = deficit leve, 2+ = déficit moderado, 3+ =
deficit grave. A avaliacio dos defict nestas jas ndo devem ser somadas, mas sio vsadas para avaliar clini o grav de déficit (ou a presenca de liquidos em excesso).

Reservas de gordurar Estado de hidratacdo:
Regitio peri-orbital 0 +1+2+3 FEdema no fornozelo 0+1 +2 +3
Prega de friceps 0 +71+2+3 Edema sacral 0+1 +2 +3
Gordura sebre as ilfimas costelas 0 +1+2+3 Asite 0+1 +2 +3
Avaliagdo geral do déficit de gordura 0+1+2+3 Avaliagdo geral do estado de hidratagge 0 +1 +2 +3
Es_'“"’ ”’“"f’f" 5 A penivacio do exame fisico é determinodo pelo avoliocdo subjetiva
Temporas {mu:sr. I‘?"’P"“‘f{ 0 +1 +243 geral do déficit corporal fotal
Claviculas (peﬁumrs e delfdides) 0 +1 +24+3 sem défiit escore = 1 ponios
Uf[TﬁFOS fﬂ'EfI{JFdES.{ G4 1 a3 Défici leve escore = | ponto
Mus’(ufafum AUBEOSSEE o ) 0 +1 +2 +3 Déficit moderado escore = 7 ponios
Escapula {dafsaf maier, frapézio, deltoide) 0 +1 +2+3 Déficit grave escore = 3 pontos
Coxu (quodriceps) 0:+] +2:+3
Panturritha (gastrocnémivs) 0+ +2+3 Pontuacdo para o anexo 4 I:l
Avaliagae geral do estade muscular 0 +1+2+3 Anofe na caixa D
Anexo 5 - Categorias da avaliacio global da ASG-PPP
Estdgio A Estdgio B Estdgio €
Categoria Bem Nutrido Moderada desnutride ou suspeito de desnutriciio Gravemente desnuirido
~ 5% PPem ] més (ou 10% em 6 meses) OU | > 5% PPem I més {ou 10% em & meses) OU
Peso Sem perda 0U gonho recente nio hidrico Sem estabilizacdo ou ganho de peso Sem esrabrflzp_ro ov i) crnﬁolde neso
(contipug ﬂgﬁégmm] P
Ingestiio nutrientes Sem déficit ou melhora significativa recente Diminvicdo definitiva na ingestio Deficit grave de ingestdo
Nenhum 0U melhora significativa recente | presenca de sinforas de i - P de sii de i icional
s 2 s ’ pacto nutricional resenca de sinfomas de impacto nuiridona
Sintomtas com impacto nuicional permitindo ingestio adequada (caixa 3 da ASG-PPP) (caixa 3 da ASG-PPP)
i o o Deéficit funcional grave OU piora recente
3 Sem déficit ou melhora significativa recente | Déficit funcional moderado OU piora recente significativa
e — Sem deficit OU deficit cranico porém Evidénci de perda leve o moderada de gorduru e/ | Sinais obvios de d iccio (ex. perda inpo
com recente melhora dinica ov mssse musasar &/ou fonus muscular @ palpacdo dos tecidos sub-cufdneos, possivel edema)

Categorias Globais do ASG-PPP {A.8 ou () =
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ANEXO B — Aprovagio do Comité de Etica em Pesquisa

CANCER/ INCA/ RJ asil

(i N CA N INSTITUTO NACIONAL DE g%,?{hnoﬂofﬂto

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Validacdo dos Diferentes Métodos de Avaliacdo da Massa Muscular Utilizados na
Pratica Clinica na Avaliacdo da Sarcopenia em Pacientes com Neoplasia Colorretal

Pesquisador: Nilian Carla Silva Souza

Area Tematica:

Versdo: 3

CAAE: 38992014 5 0000 5274

Institui¢do Proponente: Hospital do Céncer |
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 942 022
Data da Relatoria: 08/02/2015

Apresentacdo do Projeto:
Conforme descrito no Parecer Consubstanciado CEP/INCA N° 916.021 de 16/12/14.

Objetivo da Pesquisa:
Conforme descrito no Parecer Consubstanciado CEP/INCA N° 916.021 de 16/12/14.

Avaliagdo dos Riscos e Beneficios:
Conforme descrito no Parecer Consubstanciado CEP/INCA N° 916.021 de 16/12/14.

Comentarios e Consideracoes sobre a Pesquisa:
Conforme descrito no Parecer Consubstanciado CEP/INCA N° 916.021 de 16/12/14.

Consideragdes sobre os Termos de apresentagédo obrigatoria:
Conforme descrito no Parecer Consubstanciado CEP/INCA N° 916.021 de 16/12/14.

Endereco: RUA DO RESENDE, 128 - SALA 203

Bairro: CENTRO CEP: 20231-092
UF: RJ Municipio: RIO DE JANEIRO
Telefone:  (21)3207-4550 Fax: (21)3207-4556 E-mail: cep@inca.gov.br

Pagina 01 de 05



CANCER/ INCA/ RJ asil

o N\
(I N CA INSTITUTO NACIONAL DE . § Emn\o

Continuagio do Parecer: 342.022

Recomendagdes:
N&o se aplica.

Conclusoes ou Pendéncias e Lista de Inadequacoes:

Trata-se da analise das respostas as pendéncias apontadas no Parecer Consubstanciado CEP/INCA N°
934.408 de 25/01/2015:

2: Quanto ao projeto de pesquisa:

2.5- Na péagina 18 de 23, no item “Analises estatisticas” solicita-se informar:
c) todas as variaveis que seréo coletadas e a forma em que os dados seréo coletados.

RESPOSTA 1: Na pagina 18 de 23, no item “Andlises estatisticas” c) As variaveis serdo coletadas através
de uma ficha de coleta de dados inserida no projeto e na Plataforma Brasil como “Ficha de Coleta de
Dados™.

ANALISE 1: PENDENCIA PARCIALMENTE ATENDIDA. Em relacéo a Ficha de Coleta de Dados, é
importante ressaltar que sob nenhuma circunstancia podera constar qualquer informacéo (nome, registro
médico, endereco etc.) que permita a identificacio dos participantes de pesquisa. O pesquisador principal
devera garantir a anonimizacdo dos dados através do uso de formularios especificos. Adequar.

RESPOSTA 2: Na pagina 18 de 23, no item “Analises estatisticas™ c) As informacdes referentes ao nome e
ao registro médico foram retiradas do formulario e o mesmo foi modificado no projeto de pesquisa e
anexado na Plataforma Brasil como “Ficha de Coleta de Dados”.

ANALISE 2: PENDENCIA ATENDIDA.

2.8 — Na pagina 15 de 23 lé-se “A ASG-PPP sera aplicada por um Unico avaliador bem treinado.
Oquestionario é dividido em duas partes. A primeira sera respondida pelo paciente ou cuidador e envolve
questdes sobre perda de peso, alteracdes na ingestédo alimentar e na capacidade funcional e sintomas que
possam interferir no consumo alimentar como perda de apetite, alteracdes do paladar, nauseas e vomitos
[..]". Néo foi apresentado o instrumento de coleta. Solicita-se adequacéo.

Enderego: RUA DO RESENDE, 128 - SALA 203

Bairro: CENTRO CEP: 20231-092
UF: RJ Municipio: RIO DE JANEIRO
Telefone:  (21)3207-4550 Fax: (21)3207-4556 E-mail: cep@inca gov br

Péagina 02 de 05
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CANCER/ INCA/ RJ asil

@ \ INSTITUTO NACIONAL DE ’ Platafor
(INCA e ™™

Continuagdo do Parecer: 942.022

RESPOSTA 1: O instrumento de coleta (formulario da ASG-PPP) foi incluido no projeto e na Plataforma
Brasil como “Formulario da ASG-PPP".

ANALISE 1: PENDENCIA ATENDIDA. Caso esse formulario seja retirado do prontuario e armazenado em
arquivo da pesquisadora, por favor considerar necessaria a adequacéo indicada na analise da pendéncia 6
(vide acima).

RESPOSTA 2: As informacdes referentes ao nome e registro médico foram retiradas do formulario da ASG-
PPP e 0 mesmo foi modificado no projeto de pesquisa e anexado na Plataforma Brasil como “Formulario da
ASG-PPP".

ANALISE 2: PENDENCIA ATENDIDA.

3 - Quanto ao documento “PB_INFORMACOES_BASICAS_DO_PROJETO_273376.pdf’ de 21/11/2014:

3.1 - No campo "desfecho primario”, o texto informado & uma justificativa, mas ndo esclarece qual sera o
desfecho primario. Solicita-se adequacéo.

RESPOSTA 1: O desfecho primario foi modificado para “Validar a utilizacdo das medidas de circunferéncia
da panturrilha, area muscular do braco corrigida, massa muscular esquelética e o exame fisico da ASG-PPP

para a avaliacéo da massa muscular e o diagnostico da sarcopenia em pacientes com neoplasia colometal”.

ANALISE 1: PENDENCIA ATENDIDA. Como recomendac&o, sugerimos redigir "validacdo" ao invés de
"validar" nesse campo.

RESPOSTA 2: No campo “desfecho primario” a palavra “validar” foi trocada por “validacéo”.
ANALISE 2: PENDENCIA ATENDIDA.
3.2 — No item “Riscos e Beneficios”, os riscos devem contemplar as outras avaliacdes previstas no projetode

pesquisa (nfdo so a coleta de sangue), mencionando outros riscos, como queda, cansaco,
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etc. (o paciente sera submetido a varias avaliacfes exclusivas para o estudo em jejum, ndo somente a TC
para estadiamento). Sobre os beneficios, esclarecer que ndo havera beneficio direto aos pacientes.

RESPOSTA 1: No item “Riscos e Beneficios” foram contemplados os riscos de queda e cansaco e foi
mencionado que o paciente néo tera beneficio direto com o estudo em questéo.

ANALISE 1: PENDENCIA PARCIALMENTE ATENDIDA. A pendéncia foi atendida apenas em relacéo a
descricdo do item "Beneficios”. No item "Riscos”, ainda nfdo estdo contemplados os riscos de todas as
avaliacdes da pesquisa, como a aplicacéo do formulario. Conforme exposto pela pesquisadora: "néo havera
outros riscos maiores”. No entanto, os riscos considerados "pequenos” pela pesquisadora também devem
ser descritos. Segundo a resolugdo CNS n® 466/12, risco de pesquisa é a "possibilidade de danos a
dimenséo fisica, psiquica, moral, intelectual, social, cultural ou espiritual do ser humano, em qualquer
pesquisa e dela decorrente”. Solicitamos adequacéo.

RESPOSTA 2: O campo “Riscos” foi modificado e foram contemplados os riscos de todas as avaliacdes
incluidas na pesquisa.

ANALISE 2: PENDENCIA ATENDIDA.
4 - Quanto ao documento “TCLE doutorado.doc™

4.4 - Os textos dos itens “RISCOS” e “BENEFICIOS” deverio ser adequados, citando os riscos inerentes as
outras avaliacdes e esclarecendo que nédo ha beneficio direto ao paciente conforme pendéncia 3.2.

RESPOSTA 1: Na pagina 3 de 5 do TCLE foram contemplados os riscos de queda e cansaco e foi
mencionado que o paciente néo tera beneficio direto com o estudo em questéo.

ANALISE 1: PENDENCIA PARCIALMENTE ATENDIDA. A pendéncia foi atendida apenas em relacéo a

descricéo do item "Beneficios”. No item "Riscos”, ainda ndo estdo contemplados os riscos de todas as
avaliacdes da pesquisa, como a aplicacdo do formulario. Conforme exposto pela pesquisadora:
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"néo havera outros riscos maiores”. No entanto, os riscos considerados "pequenos” pela pesquisadora
também devem ser descritos. Segundo a resolugdo CNS n® 466/12, risco de pesquisa € a "possibilidade de
danos a dimenséo fisica, psiquica, moral, intelectual, social, cultural ou espiritual do ser humano, em
qualguer pesquisa e dela decorrente”. Solicitamos adequacéo.

RESPOSTA 2: Na pagina 3 de 5 do TCLE o campo “Riscos” foi modificado e foram contemplados os riscos
de todas as avaliactes incluidas na pesquisa.

ANALISE 2: PENDENCIA ATENDIDA.

Situagao do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:

Néo

Consideragdes Finais a critério do CEP:

Diante do exposto, o Comité de Etica em Pesquisa do Instituto Nacional de Cancer (CEP-INCA), de acordo
com as atribuicdes definidas na Resolucéo CNS 466/12 e na Norma Operacional N° 001/2013 do CNS,
manifesta-se pela aprovacéo do projeto de pesquisa proposto.

Ressalto o(a) pesquisador(a) responsavel devera apresentar relatorios semestrais a respeito do seu estudo.

RIO DE JANEIRO, 30 de Janeiro de 2015

Assinado por:
Carlos Henrique Debenedito Silva
(Coordenador)
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ANEXO C - Confirmagao da submissao do Artigo 1

Submission Confirmation for

De:  Clinical Nutrition (eesserver@eesmail.elsevier.com)
Para: niliansouza@yahoo.com.br; nilian.souza@inca.gov.br

Data: sexta-feira, 10 de agosto de 2018 22:12 BRT

*** Automated email sent by the system ***

Dear Mrs. Nilian Carla S Souza,

Your submission entitled "FRAILTY IS ASSOCIATED WITH MYOSTEATOSIS IN OBESE PATIENTS WITH
COLORECTAL CANCER" has been received by the Editorial office of Clinical Nutrition. Its category is Full Length
Article, if this is not correct please let us know.

You will be able to check on the progress of your paper by logging on to Elsevier Editorial Systems as an author.
The URL is https://ees.elsevier.com/ycinu/.

Your manuscript will be given a reference number once an Editor has been assigned.
Thank you for submitting your work to this journal.
Kind regards,

Editorial office
Clinical Nutrition
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De:  Clinical Nulrition (eesserver@eesmail elsevier.com)
Para: niliansouza@yahoo.com.br; nilian.souza@inca.gov.br
Data: terca-feirz, 6 de novembro de 2018 02:42 BRST

MS. Ref. No.: ¥CLNU-D-15-DD834
Title: "FRAILTY IS ASSOCIATED WITH MYOSTEATOSIS IM OBESE PATIENTS WITH COLORECTAL CANCER™

Dear Mrs. Souza,

Your Full Length Arficle entitted "FRAILTY 1S ASSOCIATED WITH MYOSTEATOSIS IN OBESE PATIENTS WITH
COLORECTAL CANCER" has been sent to ane or more independent reviewers and has been reviewed by the
Editorial Board. | am sormy to say that it has been found unsuitable for publication in Clinical Nutrition joumnal in it
present form. However, if you are able to address the enclesed suggestions and criticisms, we would be pleased to
re-assess a revised version of your manuscript although please be aware that publication would not be guaranteed.

We request that you adjust the paper according to the Guide for Authors located at hitp:/fwww elsevier comijournals
Ielinical-nuirifion/0261-56 14/guide-for-authors | if not already done so. Enclosed below are Comments from the
Editorial Board and the Reviewers. These are appended fo the end of this message.

If you decide to revise and resubmit your paper for the Clinical Nutrition joumnal, this should be done by Feb 04, 2019
in order to maintain the same reference number. Otherwise, it will be dealt with as a new manuscript. Your revised
version should be accompanied by a letter with a point-by-point reply to the reviewers comments and explanation of
the changes included in your paper. The response to the reviewers also should have continuous fine numbers.
Please clearly mark the changes made to the manuscript, and submit fwo revised versions as follows: 1) a document
with track changes, and 2) a document with the changes already made.

To resubmit a revised paper, please go fo https./fees. elsevier.c clnu/ and log in as an Author. You will see the
following menu item listed "Submissicn Meeding Revision™ and you will find your submission there.

Please note that this journal offers a new, free service called AudicSlides: brief, webcast-style presentations that are
shown next to published articles on ScienceDirect (see also hitp:/fwww elsevier. comiaudioslides). If your paper is
accepted for publication, you will automatically receive an invitation to create an AudioSlides presentation.

NOTE: Upon submitting your revised manuscript, please upload the source files for your article. For additional details
regarding accepiable file formats, please refer to the Guide for Authors at- hitp-/fwww. elsevier comfoumals/clinical-
nutrition/0261-5614/quide-for-authors

When submitting your revised paper, we ask that you include the following items:
Manuscript and Figure Source Files (mandatory)

‘We cannot accommodate PDF manuscript files for production purposes. We also ask that when submitting your
revision you follow the journal formatting guidelines. Figures and tables may be embedded within the source file for
the subméssion as long as they are of sufficient resolution for Production. For any figure that cannot be embedded
within the source file (such as *. PSD Photoshop files), the original figure needs to be uploaded separately. Refer to
the Guide for Authors for addiional information.

hitp-ifwwow elsevier. comfjounals/ clinical-nutrition/0261-5614/quide-for-authors

Thank you for submitting your paper to Clinical Mutrition. We are locking forward to hearing from you.

Yours sincerely,

maurizic muscaritoli, MD

071172018 09:44
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Associate Editor
Clinical Mutrition

Nicolaas E Deutz, MD, PhD
Editor-in-Chief
Clinical Mutrition

Comments from the Editors and Reviewers:

Reviewer #1: The manuscript provides insight on the association between muscle lipid infiliration and function in
colorectal cancer patients. The association of frailty with lipid infiltiration is an interesting finding (although nat totally
onginal). The fact that obesity is aggravating the scenario certainly is of clinical relevance. Nevertheless, some
points deserve discussion:

- Was there control for hydration of patients, since BlA is affected by this parameter?

- handgrip may not be a good method, specially when comparing men and women, who beyond as healthy adults
displaying major differences, present a different dynamic of muscle loss in ageing. Timed up and go is perhaps, a
better predictor of function

-Although inveluntary weight less is reported, the patients were not classified as cachectic or not. Please comment.
- Muscle lipid infiltration could derive from obesity solely. The effect of cancer is not clear. We would suggest to
measure at least plasma lipids in order to examine whether the results are a reflex of cancer (with increased
lipemia), or just reflect the comprehensively described myosteatosis of obese patients.

- Albumin is not changing. Would that mean patients are not undemourished, nor cachectic?

The study presents an observational approach and mechanisms should be discussed in more depth.

- Please consider to discuss:

1: Lipina C, Hundal H5. Lipid modulation of skeletal muscle mass and funciion. J

Cachexia Sarcopenia Muscle. 2017 Apr;8(2):190-201. doi: 10.1002fjcsm. 12144, Epub

2016 Oct 8. Review. PubMed PMID: 27857400; PubMed Central PMCID: PMCS5377414.

2: Xiao J, Caan BJ, Welzien E, Cespedes Felicianc EM, Kroenke CH, Meyerhardt JA,
Baracos VE, Kwan ML, Castillo AL, Prado CM. Associations of pre-existing
co-morbidities with skeletal muscle mass and radiodensity in patients with
non-metastatic colorectal cancer. J Cachexia Sarcopenia Muscle. 2018
Aug;H4)654-663. doi: 10.1002ffcsm.12301. Epub 2018 Apr 19. PubMed PMID:
29675984, PubMed Central PMCID: PMCE104112.

3: Baracos VE, Amibas L. Sarcopenic obesity: hidden muscle wasting and its
impact for survival and complications of cancer therapy. Ann Oncol. 2018 Feb
1;29(suppl_2):i1-i9. doi: 10.1093/annonc/mdx810. PubMed PMID: 29506228,

Reviewer #2: There are a couple of points of clarity that are required.

The study is not actually exploring the determinants of muscle fat infiliration but rather the functional outcomes
associated with muscle fat infiltration. Body fat may be a determinant of fat infiltration (the fatter you are the more fat
you have in musces) which may also implicate frailty but a slower gait speed may be a result of having a higher level
of fat in the muscles and thereby being more frail. At times, the way this is worded is confusing. In other words, is
having a slow gait speed likely to contribute to myosteatosis or does a slow gait speed result from {or reflect)
myosteatosis. The cause and effect are not evaluated in this study.

Methods:

For albumin, what the method used for this assessment?

‘Were the comorbidity conditions of the population captured? It is known that the number of comorbidities a person
relates to the measure of muscle radiodensity (using CT). People with cancer commonly have 3 or more
comerbidities upen presentation with cancer. If it is known, this is also part of the model.

Infiltration of fat measured by the amount of IMAT in a single slice at L3 has not been validated as a way to
determine the amount of fat in muscle. IMAT distrbution in muscles is highly variable and that which is present at L3
may not reflect this parameter as a whole. Further, is it know how well this measure cormrelates with the radiodensity
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of muscle? What is the relationship between these varables in your population? Since this is the measure by which
the data is categorized, this becomes important. The references cited have net validated this method at L3 in CT

images.
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Factors Associated with Sarcopenia in Patients with Colorectal Cancer
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ABSTRACT ARTICLE HISTORY
Introduction; Sarcopania aiefmquemﬂ obsened in cancer patients and was associated with poor Recarved 16 hpal 2017
prognosis Objectives; to o of | status, body compesition, and ~ Acepied 13 Ociober 207

mtpmmmummpﬁmuummﬁxm cancer {CRC). Mathods; We conducted a
cross-sectional study of 197 patients with TRC. mmmummmmmm
muscle index (SMI), handgrip strength, and gait speed were d. The SMl was d by
computed tomography at third lumbar vertebra. Phase angle (FA), serum albumin SAlL), musde
attenuation (MAL and the scored patient-genaated subjective global assessment (PG-5GA) were
dlso evaluated. Unianiate and multivaniate analysis of foors associsted with sarcopenia were
performed. Resws; Sarcopenia was present in 29 of 195 patients (15%) and was significantly
oomelated with advance age, lower body mass index (EMI). SAlb, PA, MA, higher PGSGA scone, and
malnutrition (PGSGA EL In univariate analysis, ags BML SAlh, PA, MA, PGSGA score, and
malnu trition (PGE-5GA B) were assodated with sarcopenia. Multivariable analysis revealed that BMI,
SAlb, PA, MA, and PG-5GA soone wene independent predictors of sarcopenta. Conclision; BMI, SAlD,

PA, MA, and PG-SGA score wese indepen dent predictors of sarco penia in patients with CRC

Introduction

Colorectal cancer (CRC) is amongst the types of cancer
with the highest incidence rates. In the world, CRC is
third in incidence and fourth in martality (1). In Brazil,
it is the third most frequent in men and second in
women, according to the Brazilian Mationad Cancer
Institute José de Alencar Gomes da Silva (INCA) (2).
The etiology of CRC is assodated with age, family his-
tory of CRC and genetic predisposition to the deveop-
ment of chronic intestinal diseases, lifestyle and eating
habits (2—4).

Malnutrition is commaon in CRC (5-7) due to the
combined effects of malignant disease progress, the host
regponse to the tumor, anticancer treatment, and the
direct effects of bowel obguction and malabsorption (8).
In severe cases, malmutrition can progress to cacheda, a
specific form of malnutrition chamcterized by a negative
protein and energy balance driven by a variable combina-
tion of reduced food intake and abnormal metabolism
(9-12). Although the evidence indicates that of all can-
cer-related deaths more than 30% are due to cachexia
(13), a lack of a definition, diagnostic criteria, and

dassification create difficulties to advancement in clinical
practice (14,15). Fearon et a. (11) defined cancer
cachexia as a multifactorial syndrome characterized by an
angoing los of skeletal muscle mas, with or without los
of fat mass, that cannot be fully reversed by conventional
nutritional support (11).

In parallel, the term sarcopenia, originally introduced
to define age-related sheletal musde dedine (16), is now
used to indicate any loss of musde tissue and function
due to aging, chronic diseases (induding cancer), Jow pro-
tein—energy intake and physical inactivity (17). As arec-
ognized malnutrition-related syndrome, sarcopenia has
been confirmed that it can ocaur in overweight and obese
people recently (18-21). Age-related sarcopenia is defined
by the European Working Group on Sarcopenia in Older
People (EWGSOP) as the loss of muscle and function,
and has suggested a conceptual staging as presarcopenia,
sarcopenia, and severe sarcopenia hased on the severity of
this condition (17). The prevalence of sarcopenia has
been poorly studied in cancer patients and is assodated
with adverse postoperative outcomes, Jonger length of
hospital stay, and poorer rehabilitation outcome (22,23).
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Current diagnostic methods for sarcopenia indude
measuring skeletal muscle mass and function, which
includes muscular strength and physical performance.
Computed tomography (CT) is a reference method used
in assessing skeletal muscle mass, due to its accuracy and
reliability (24,25). However, the method is expensive,
requires specialized skills to operate and exposes individ-
uals to a high radiation dose (26). The third lumbar ver-
tebra CT has been validated as the standard landmark
for hody composition analysis becanse in this region,
skeletal muscle and adipose tissue correspond to whole
body tissue quantities for healthy individuals (27) and
for cancer population (28).

Diespite great progress, data on prevalence of sarcope-
nia in patients with CRC are scarce. Emerging evidence
supports that sarcopenia in patients with cancer is an
independent risk factor for poorer outcomes. We con-
ducted a cross-sectional study to identify the prevalence
of sarcopenia and factors assodated with this syndrome
in patients with CRC. We hypothesized that sarcopenia
may be assodated with worse clinical condition in
patients with CRC.

Subjects and Methods

Subjects

From April 2015 to June 20165, all patients with CRC
whounderwent cancer treatment at the Cancer Hospital |
of the Brazilian National Cancer Institute (INCA, Rio de
Janeiro, Brazil) were induded in this study. The inchision
criteria induded patients who: were =18 years old; had
ahdominal CT scans at the third lumbar vertebme level
(L3) available for review; and agreed to take part in the
study and signed the informed consent. Exdusion criteria
included: those aged <18 years old; those with a physical
deformity who were unable to be tested for muscle
strength or physical performance; those with pacemaker,
those with Eastern Cooperative Oncology Group (ECOG)
performance score =3, and those with congestive heart
failure, chronic kidney disease, and liver cirrhosis, ECOG
performance score is a standard criteria for measuring the
patients’ level of function in terms of their ability to care
for themsehves, daily activity, and physical ahility (30).

Study Design

Patients with CRC scheduled for abdominal CT scan at
the L3 region as part of routine care, who met study eligi-
bility criteria and those who agreed to participate and
signed a consent form, were included Patients received
instructions to fast for 6 h before the CT scan (water-sol-
uble oral contrast and mediation were allowed). After

CT scan, nutritional status, body composition, and mus-
de function were assessed. Blood samples were collected
under fasting conditions 0-30 days after the CT exam.

Clinical data such as age, gender, previous and current
treatment, comorbidities, ECOG performance soore,
tumor site and stage according to the Union for Interna-
tional Cancer Control (UICC) guidelines (31) were col-
lected from medical records. Cancer staging describes
the severity of an individuals cancer based on the
magnitude of the primary tumor as well as on the extent
cancer has spread in the body (32).

Nutrition al Assessment

Body weight (kg) was assessed using a platform-type Fili-
z0la® mechanical scale (Filizola, S30 Paulo, Brazil) with a
maximum capacity of 150 kg and variation 0.1 kg and
height (cm) by a vertical stadiometer 200 cm long and
with a 0.1 cm precision, according to the standardized
protocols (29). Body mass index (BEMI) was calculated as
weighttheight' (kg/m*) and was dassified using Waorld
Health Organization (WHO) criteria (33).

The scored patient-generated subjective global assess-
ment (PG-5GA) was previously validated for the Portu-
guese language (34) and was carried out by one trained
researcher. The scored PG-SGA consisted of two sec-
tions: the first induded questions on weight history, food
intake, nutrition impact symptoms, and funcional
capacity; the second contained data on clinical condi-
tions, metabolic stress, and physical examination. Each
patient was clssified as well nourished (PG-SGA A),
moderately malnourished or suspected of being mal-
nourished (PG-5GA B), or severely malnourished (PG-
SGA C). In addition, a total PG-SGA score was caleu-
lated (35).

Body Composition Assessment

CT images are acquired for medical diagnosis/follow-up
purposes in cancer patients and have been digitally
stored in the patient's medical record, which it useful in
use the body compasition as well, CT images were ana-
lyzed for tissue cross-sectional area (cm®) at L3 using
Slice-0-Matic software version 5.0 (Tomovision, Mon-
treal, Quebec, Canada). One image extending from the
L3 was assessed for skeletal muscle (psoas, erector spinae,
quadratus lumborum, transversus abdominus, external
and internal obliques, and rectus abdominus), and adi-
pose tissue (visceral, subcutaneous, and intramuscular).
T Hounsfield unit (HU) thresholds were —Z9HU 1o
+150HU for skeletal muscle, —190HU to —30HU for
subcutaneons and intramnscular adipose tissue and
—150HU to —50HU for visceral adipose tissue (36).
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Image analysis for this study were performed by a single
trained ohserver. Skeletal muscle area was normalized by
height square (m”) and reported as lumbar skeletal mus-
cle index (SMI) (cm’/m®). Low SMI were dassified
according to Martin et al. (21) (men: =43 cm*im® for
BMI =25 kg/m" and <53 cm®/m® for BMI =35 kg/m®;
women: <41 an’/m"). Muscle attenuation (MA) has
also heen evaluated. MA was derived by averaging the
Hounsfield unit of skeletal musde, The attenuation of
skeletal muscle is inversely related to musde fat content
(21.26).

Biodectrical impedance analysis (BIA) was per-
formed with a tetrapolar device, single frequency
(50 kHz), model Quantum Il (RJL Systems, Detroit,
M1, USA), according to the protocol recommended by
Kyle (37). BIA provides resistance (R) and reactance
(¥c) values in Ohms (£2). Phase angle (PA) was calou-
lated with the following equation: PA (degrees) = arc
tan (Xc/R) = (180/x). The principles of PA is based
on changes in resistance and reactance as alternating
electric aurrent passes through tissues. A phase shift of
the current is stored in the resistive compartments of
cellular membranes. PA has been interpreted as an
indicator of quantity of cells, cell membrane integrity,
and water distribution between the intra- and extracel-
lular spaces (38-40).

Measurement of Muscle Strength and Physical
Performan ce

Muscle strength was measured using a Jamar™ hydran-
lic hand dynamometer (Sammons Preston, Chicago,
IL). Each individual =at in a chair with armrests, with-
out rings, watches, or other objects on their hands or
wrists. The upper limb to be evaluated was placed
alongside the body with the elbow at a 90° angle; the
contralateral limb was rdaxed on the thigh. During
the exam, interviewers were instructed to provide ver-
bal motivational stimulus to determine the maximum
strength of the individuals for each measurement.
Three measurements were determined for each hand
in an alternating manner, and the maximum strength
was defined as the greatest of the six measurements
(41). The cut-off points for loss of handgrip strength
were less than 30kg for men and less than 20kg for
women (17).

A 46 m gait speed test was applied to evaluate physi-
cal performance. The subject was instructed to walk as
fast as possible without running through a predeter-
mined 4.6 m straight path with no cbstacles; the time to
complete the course was measured The test was applied
twice, with an interval of approximately 30 5 between
applications (42). To determine the loss of muscle
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performance, the lowest of the two measurements was
considered, using the previously established cut-off point
of less than 0.8 m/s (17).

Definition of Sarcopenia

Presarcopenia was defined as Jow sheletal muscle mass
and sarcopenia was defined as low skeletal muscle mass
plus low musce strength and/or low physical perfor-
mance according to the EWGSOP (15). Individuak who
did not meet these citeria were considered normal for
the outcome studied

Biachemical Analysis

Albumin was quantified by the bromocresol-green
method, pre-abumin by the immunoturbidimetric
method, ghicose by the enzymatic colorimetric method,
creatinine by the modified Jaffe colorimetric method
and high-sensitivity C-reactive protein (CRP) was mea-
sured by the turbidimetric method with specific kits
from Roche® using a COBAS 311 analyzer (Roche
Dl.agrl.nsh.csm Mannheim, German), according to labo-
ratary routine

Ethical Approval

The study was approved by the Ethics Committer of the
Brazilian National Cancer Institute José Alencar Gomes
da Silva (protocol number 38992014 5.0000.5274) and
all participants gave written informed consent.

Statistical Analysis

The Holmogorov-Smirnov test was used to determine
the normality of continuous data. Normally distributed
continuous data were presented as means and standard
deviations (8D), while non-normally distributed contin-
uous data were presented as median and interquartile
range (IQR). Categorical data were compared using the
%" test. Mormally distributed continuous data were com-
pared using the independent samples t-test. Non-nor-
mally distributed continuous data and hierarchical data
were compared with the Mann—Whitney U-test. Univari-
ate analysis was used to identify potential risk factors for
sarcopenia Varishles with a P-value of <0.50 were
included in the multivariate logistic regression anabyds
adjusted for gender and age. P-values <0.05 were consid-
ered to be statistically significant. All data were analyzed
using SPSS statistics version 200 (IBM, Armonk, New
York, USA).
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Results

Erom April 2015 to June 2016, 204 patients were recruited,
and 7 patients with anal canal cancer were exduded. For the
197 CRC patients induded in this study, mean age was 60
(standard deviation 114 years), 57% were male, 72% had
advanced disease, 57% had already undergone cancer ther-
apy (after treatment group), 20% had diabetes, 48% had
hypertension, and 59% had an ECOG peformance score of
Lor 2,as shown in Table 1.

According to BMI, most of the patients were overweight
and obese (BMI =25 kg/m®). The prevalence of obesty is
higher in women and the prevalence of overweight is higher
in men (Table 2). Acconding to PG-SGA, the majority of the
patients were well-nourished (PG-5GA A), and had normal
albumin and pre-albumin levels. Men had a dgnificantly
higherserum creatinine than women (Table 2).

As expected, body compasition and PA were signifi-
cantly different between men and women (Table 3).
Sarcopenia was present in 29 of 195 patients (15%) and
presarcopenia in 57 of 195 patients (29%). The preva-
lence of sarcopenia in men was 14% and 13% in women.
Although there was no statistical difference, the preva-
lenee of presarcopenia is higher in men (33%) than in
women (24%) (Table 4).

The factors amociated with sarcopenia are showed in
Table 5. Patients with srcopenia were older, had lower
BMI, serum albumin (SAlb), FA, MA, higher PG-SGA
score and malnutrition (PG-SGA B) than those with no
mrcopenia. In univariate analysis, age, BMI, SAlb, PA, MA,
and malnutrition [ PG-5GA B) were associated with sarco-
penia (P < 0.05). Differences were not chserved among
other factors, induding sex, tumor stage, ECOG pertor-
mance score, CRP, and intrmmuscular adipose tissue. In the

Table 1. Jinical characteristics of all patients fn = 197).
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Table 2. Nutritional and blocd parametars of all patients by sex
{n=147).
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helmlsq\un tes; Norpaamatss Mann-Whitney test.

multivariate model after controlling for potential con-
founders, BMI (OR: 088, 95% CE 0.80-0.97, P 0.009),
SAlb (OR: 0.25, 95% CL 0.09-075, B 0.01), PA (OR: 021,
95% CL 0.11-041, P: <0001}, MA (OR: 0.91, 95% CL
0.85-097, P 0.004), and PG-SGA soore (OR: 11, 95% CE
L02-1.2, P 0.02) remained as the independent predictos
for sreopenia (P < 0.05).

Discussion

Most patients had advanced discase mainly due to longer
waiting time to diagnosis and treatment which are asso-
dated with poarer outcomes (1743-45). As reported to
other studies, most of the patients with CRC were

Table 3. Body composition according to (T and phase angle of
all jpatients by sex (n= 197).
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Table 4. Prevalence of sarcopenia and low musde mas in
patients with colorectal cancer by sex (n = 195).

Men (n = 1111 Wamen {0 = 84) o
M copenia 57(51%) 52 (e o4
Presamopena 1713 20
Saoperia 17(15%) 12(1%)

hi-square fest.

overweight or obese (4) and well-nourished (44). How-
ever, some studies have shown a higher prevalence of
malnutrition in patients with other types of cancer
(46,47). Subjects had SAlb levels within the normal refer-
ence range. Although SAlb is an independent factor of
clinical outcome (48), it can be influenced by fluid imbal-
ance, drugs, and an acute phase response (49).

According to the body compaosition assessment, men
had higher valies of muscle mass, MA, visceral adipose
tissue, and PA, while women had higher values of subcu-
taneous and intramuscular adipose tissue, as alko
reported to other studies (45.50,51). A lower MA is
indicative of a greater fat infiltration into the musde.
Inflammation can increase the deposition of fat intra-
muscularly which then leads to reduced MA (45). In
addition, low MA was a predidor of poor survival

Table 5 Factors assocd ated with sarcopenia of patients with colo-
rectal cancer {n = 195).
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(21,53). Recently, some studies have shown that MA is
maore associated with muscle fundtion than just muscle
mass [54).

The prevalence of presarcopenia was found in 29%
af the subjects. In fact, presarcopenia assessed by CT
is high and is present in between 20 and 70%
depending on the tumor type, tumor stage and cut-
off points for low of skeletal muscle mass that were
used (50,55,56). In addition, presarcopenia was assodi-
ated with adverse postoperative outcomes, longer
length of hospital stay, poorer rehabilitation outcome,
higher chemotherapy toxicity, and lower survival
(18,44 56-58). However, inchiding a functional aspect
to the definition of sarcopenia may result in better
prediction of poor outcomes. In recent years, sarcope-
nia was demonstrated to be a poor prognostic factor
for various types of cancer, and impacted clinical out-
comes  following certain  operative  procedures
(22,23 ,55,59). A recent study have shown that sarco-
penia itself is an independent risk factor for compli-
cations after surgery for CRC and had a better
predictive power than did presarcopenia (22). Huang
et al. (55) found that 30% of elderly patients who
underwent surgery for gastric cancer were sarcopenic.
Sarcopenia, but not presarcopenia, was an indepen-
dent risk factor for mortality (55). Furthermore, sar-
copenia was also assodated with higher hospital costs
and longer postoperative length of hospital stay (23).
In the present study, the prevalence of sarcopenia
(15%) was similar to previous studies (12-30%)
(22,23 55,59).

Recently, several studies have also reported that sarco-
penic cancer patients had a warse nutritional status and
muscle function, and worse clinical condition than those
with no sarcopenia (22,23,59,60). Significant clinical
implications of sarcopenia suggest that patients should
receive early detection and treatment of sarcopenia using
different strategies to maintain muscle mass and improve
muscle function in order to detect sarcopenia earlier than
by changes in clinical parameters (e.g., weight or BMI),
which occur at a liter and potentially irreversible stage
(58). Information gained from the analysis of imaging
and physical exam data could be used to adapt patients’
nutrition and physical ecercise plans (61).

Physical activity in cancer patients i associated with
maintenance or significant improvements in aerobic
capadity, muscle strength, and with reduction in fatigue
(62-64). There is some indication that resistance exercise
perhaps is more effective for improving muscle strength
than aerobic exercise (62-64). Further evidence suggests
that resistance training induced increase in muscle mass
and strength can be enhanced by high protein diet and
certain nutrients (65,66).
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Despite loss of skeletal muscle mas can occwr inde-
pendently of adiposity (18,67), BMI was assodated
inversely with sarcopenia in the present gudy. BMI class-
fications ignore the compaesition of a unit of weight which
has been shown to be dinically important in patients with
cancer (18). Of interest is sarcopenic obesity, in which
severe obesity and low skeletal musde mass occur simul-
taneoudy (18). This condition represents a worst-case
acenario because it combines the health risks of obesity
and depleted skeletal musde mass (21).

PA is the most spedfied impedance parameter for
dinical prognosis (68-70) and it is connected with
changes in cellular membrane integrity as well as altera-
tions in fluid balance (71). It reflects changes in the
amount and the quality of soft tissue mass (71) and,
which is, in turn, related to sarcopenia. Low PA indicates
cell death or deceased cell integrity and has been
observed in patients with age-related and disease-related
muscle loss and those with low musde function
(6970,72,73).

It has been propased that SAlb could bea marker of mus-
de mass and musde fundtion. Lower SAlb was asociated
with future loss of musde mass in older persons and it may
be a risk factor for sarcopenia (74). However, SAlb demon-
arated modest and incondstent trends with los of musde
mass and function in community-dwelling men (75).

The scored PG-5GA is a nutrition assessment tool
that identifics malnutrition in patients with cancer (35).
It is suitable for use as an outcome measure in clinical
nutrition practice and is associated with quality of
life (76). Some studies hawe also shown that cancer
patients with sarcopenia had a higher nutritional risk
screening (NRS) 2002 score (22,23).

In our study, tumaor stage was not assodated with sar-
copenia Most of the patients had advanced disease
which may affect statistical power. However, some recent
studies which investigated the association of sarcopenia
with short-term postoperative outcomes in patients with
cancer have also found no assodations between sarcope-
nia and tumar stage (22,23).

The strengths of the arrrent sudy are its mmple sz and
it is the first study in Brazil assessing the prevalenceand fac-
tors asociated with sarcopenia in patients with CRC, How-
ever, the study has some limitations as its heterogeneity and
Jong-term follow-up has not been assessed.

In conclusion, CRC patients with sarcopenia had
worse nutritional status and muscle function and poor
dinical condition than non-sarcopenic patients. BMI,
MA, PA, abumin, PG-SGA score were independent pre-
dictors of sarcopenia. These results show the importance
of investigatong the prevalence of sarcopenia and factors
assodiated with it in order to perform an early individu-
alized intervention to prevent negative clinical outcomes.

Long-term follow-ups are needed in future studies to
confirm our results and to investigate the relationship
between sarcopenia and morbidity.

Acknowledgment

This study was supponted by Brazilian National Cancer Insti-
tute Josd Alencar Gomes da Siva (INCA).

References

1. Fitzmaurice C, Dicker D, Pain A, Hamavid H, Moradi-
Lakeh M, et al: The Global Bunden of Cancer. JAMA
Onanl 1{4), 505-527, 2015.

Instituio Nacional de Cincer José Alencar Gomes da Silva.

Coordenagao de Prevengio e Vigilinch Estimativa X016

inddencin de ginger no Brasd. Ingitute Naclomd de

Cancer Joed Alencar Gomes da Silva - Rio de Japein:

INCA, p. 122

3. Dot 5, Thichaut A, Samson §, Ricordeau P, Guillemot D,

d al: Elderdy patients with colorectal cancer: reatment modal-
ities and survival in France Natiom]dats foom the ThinDiT
anhort shedy. Bur [ Cancer S007), 1276-1283, 014

4. Lee JY, Lee HS, Lee DC, Chu SH, Jeon [Y, et al: Visceral

Eit accumulation is asoctated with colorectal cancer in
postmenopausal women. PLAS Ore $(11), €] WI587, 2014.

5. Hu WH, Cafas-Monson LC, Esenstein § Parry L, Cosman

B, et al: Preoperative malnuirition assessments as predic-
tors of postoperative mortality and morbidity in colorectal
cancer: an analysis of ACSNSQIP. Nutr [ 14, 91, 215,

6. Presoir M, Desne §, Berchery D, Rossignol G, Poiree B,
et al: Prevalence, rsk factors and dinical implications of
malnuirition in French Comprehensive Cancer Centres
Br [ Cancer 102(6), 966-971, 2010

. Yamano T, Yoshimura M, Kobayashi M, Beppu N, Hama-

nzka M, et al: Malnutrition in rectal cancer patients

receiving preoperative chemoradiotherapy is common and
wssnciated with treatment tolerabdity and ansstomotic

leakage. Int [ Colorectal Dis 31(4), 877884, 2016

Ryan AM, Power DG, Daly L, Cushen S, Ni Bhuschalls E,

etal: C d mal . cachexia and

peniz: the skelewn in the hospital doset 40 years hiter.

Proc Nutr Soc 75(2), 199-211, 2016,

9. Liesenfeld DB, Grapov D, Fahrmann [F, Salou M, Scherer
D, et al: Metabolomics and transer plomics identify path-
way differences between visceral and subcutaneows adi-
pose tssue in colorectal cancer patients the ColoCare
study. Am | Chin Nutr 102(2), 433443, 2015.

10 Tisdale M]: Cancer cachexia Curr Gpm Gastroenterol 26
{2, 146-151, 2014,

11 Fearon K Strasser F, Anker SD, Bosseus [, Bruem E, etal:
Definition and dasification of cancer cachexic an inter-
national consenss. Lencet Orcol 12(5), 489495, 2011.

12 Musscaritoli M, Anker SD, Argiles |, Aversa Z, Baver [M, et al:
Consensus  definition of cachexia and pre-
cachexia: joint document ehboraied by Specil Interest
Groups (SIG) “cachexia-anoreda in dironic wasting diseases™
and “nutrition in geratrics™. Clin Nutr 20(2), 154-159, 2010

e

3

=

116



13,

14.

15.

14.

17.

18,

14,

21

24,

25,

26.

X7

won Haehling 5, and Anker $D. Cachexda a5 a major
unde pestimated and unmet medical need: Bets and num-
bers. [ Cachexia i Muscle 1(1), 1-5, 2010
Bvans W], Modey [E, Arglles |, Bales C, Barscos V, et al:
Cacleia: 2 new definition. Clin Nubr 27(6), 793704, 2004,
Fox KM, Brooks M, Gandrs SR, Markus B, and Chiou CF:
Estimation of cachexis among cancer patienis based on
four definitions. [ Oncel 2000, 1-7, A4,
Rosenberg TH: Epidemiclogic and me problems
in determining nuirdtional staius of older persons. Pro-
of a conference. Abuguerque, New Mexico,
October 19-21, 1988 Am | Chin Nutr 5005 Suppl), 1121-
1235, 1989,
Cruz-Jentoft A, Baeyens [P, Baver [M, Boide Y, Ceder-
holm T, et al - Sarcopenix Buropean comsensus on defini-
tion and disgoosis: Report of the European Working
Group on Sarcopenia in Older People. Age Apgeimg 39(4),
A12-423, 2000
Prado CM, Lieffers JR, McCargar L], Reiman T, Sawyer
MH, ot al: Prevalence and dlinical implications of simoe-
penic obesiy in patienis with solid tumowrs of the respira-
tory and gastrointestinal tracts a population-based study.
Lancet Oncol9(7), 629635, M08,
Tan BH, Bindsell LA, Martin L, Baracos VE, and Fearon
KC: Sarcopenia in an overweight or obese patient i an
adverse prognostic factor in pancreatic cancer. Chin Cancer
R 15(22), 69736979, A9,
Haracos VE, Reiman T, Mourtzakis M, Gioullasanis 1, and
Artoun §: Body composition in patients with non-small
cell lung cancer: a contemporary view of cancer cachexia
with the use of compuied tomography image analysis. Am
T Clin Nuatr 91(4), 11335-11375, 2010
Martin L, Birdsell L, Maadorald N, Reiman T, Clandinin MT,
et al: Cancer cachexda in the age of obesity: dkeletal musde
depletion is 3 powerful prognostic Betor, independant of
body mass index. [ (e Oncal 31{12), 1539-1547, 2013,
Husarg DD, Wang SL, Zhuang CL, Zheng BS, Lu [ etal:Sar-
ooperiia, & defined by low miscle mas, stren gih and phiysical
petformance, predias complications afer surgery fbr mlores-
tal cancer. Coloractal Dis 1711, 0256-0264, 2015,

. Wang 5L Zhusang CL, Huang DD, Pang WY, Lou N, et al -

Sarcopeniaadvendy inmpacts postoperative dinical outosmes
Iollowing, gastrectomy in patients with gastric cancer a pro-
spective study. Ann Surg Onol 33(2), 556564, 2014
Heymsfield 5B, Wang Z, Baumgartner BN, and Ross R
Human body composition: advances in models and meth-
ods. Annu Rev Nutr 17, 527-558, 1997,

Mitsiopoules N, Ba RN, Heymsfield SB, Lyons
W, Gallagher D, et al - Cadaver validation of skeletal mus-
de measurement by magnetic resonance imaging and
comtputerized tomography. | Appl Physid (1955) 85(1).
115-122, 1998,

Prado CM, and Heymsfield SB: Lean thsue imaging 4 new
era for nutritionsl asessment and intervention. JPEN J
Parenter Enteral Nutr 38(8), 9a0-953, 2014.

Shen W Posvanite M Wane 7 Callsoher Ty St-Dines

3.

=

41

. Lobunan TG, and Roche AF. A

NUTRITEON AN D CANCER () 7

ted phy images acquired during mutine
care. Appl Physiol Nutr Metab 33(5), %97-1006, 204,
i Starrakeralization
Reference Manual Human Kinetics, Chanmpaign, I1, 1988

. Oken MM, Creech RH, Tomey DC, Horton |, Davis TE,

et al: Tawicity and resporsecriteria of the Eagemn Cooperative
Group, AmJ Clin Ol 5(8), 649655, 1982,

Union for Intematiornsl Cancer Control (UICC) eds
TNM Classification of Malignant Tumours, §th Ed. Wiley
Blackwell, Oxfond, 2017,

Edge 5B, Byrd DR, Compton OC, Fritr AG, Greene FL,
et al: AJOU Cancer Staging Manual. 7th Ed. Sprnger, New
York, NY, 2004,

. WHO. Plysical staius: the wse and interpretation of

anthropometry. Report of 3 WHO Expert Commitiee.
World Health Organ Tech Rep Ser 854, 1452, 1995,

. Gorealer MC, Beugﬁ LR, Silveia DH, Assuncio MCF,

and Orlandi SP: Validsg3o da vers3o em porugeés da
avalisgio subjetiva produzids pelo paciente. Rev
Bras Nutr Clin 25(2), 102-108, 2010,

. Ottery FI: Definition of standardized nutritional asses-

mment and interventionl pathways in oncology. Nutrition
12(1 Suppl), $15-519, 199,

Houwrsfield GN: Computerized transverse axial scanning
(tommography). 1. Desciption of system. Br | Rudicl 46
{552), 101 6-1022, 1973,

. Kyle UG, Bosseus 1, De Lorermo AD, Deurenberg P, Elia

M, et al.: Bivelectrical impedance analysis—part I: review of
principles and methods. Clin Nutr 23(5), 1226-1243, 2004.
Barbosa-Silva MC, and Barms AJ: Bioelec trical impedance
analysis in cinical practice: a new perspective on s use
beyond body composition equations. Curr Opi Clin Nutr
Metab Care 8(3), 311-317, 2005,

. Norman K, Pidich M, Sorensen |, Chrstersen P, Kemps

M, et al: Bioimpedance vector amlysis 25 a measure of
mviscle function. Clin Nutr 28(1), TH-82 2009,

. Toso §, Piccoli A, Gusella M, Menon D, Crepaldi G, ot al:

Bioimpedance vector pattern in cancer patients without
disease versus locally advanced or disseminated disease.
Nutritivr 19(06), 510-514, 213,

Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H,
et al: A review of the messurement of grip stremgth in
clinical and e pide miological studies: towards a standar-
dised approach. Age Ageing 4004), 423429, 2011,
Guralnik M, Simaonsick EM, Ferrucei L, Glynn RJ, Berk-
man LF, et al: A shon physical periormance battery
assessing lower extremity function: assocation with self-
reported dissbility and prediction of mortality and nursing
home admission. [ Gerontol 492), MES-M%4, 1994,
Song N, Shin A, Padk [W, Kim [, and Oh [H: Common
risk variants for colorectal cancer: an evaluation of asock -
tions with age at cancer onset. Sei Rep 13(7), 40644, 2017,

. Thoresen L, Frykholm G, Lydesen S, Ulvelind H, Baracos

V. et al: Nutritional status, cachexia and survival in
patients with advanced colorectal carcinoma. Different
attesment critera for mitritiars] @atie pravide el

117



& (&) BULDESOUZAEFAL

4.

&,

. Fulasda Y, Y

Guerra RS, Fonseca I, Sousa AS, Jesus A, Pichel F, et al:
ESPEN disgnostic criteda for malnutdtion - A validstion
study in hospitalized patients. Clivical Nutrition 36(5),
1326-1332, AM7.

. Ewang AY: Objective and subjective nutrition al assessmeant of

jpatlents with cancer in pallintive care. Amenican Joumal of
Hospie ¢ Palliative Medicine™ 27(2), 117-126, 2000,

Nazha B Mouwsaly B Zmrour M, Weerasinghe C, and
Azab B: Hypoalbuminemis in colorectal cancer
mtritional mader o ln&lmmmry mnag:te? World J
G trodntest Surg 12), 370-377, 2015

. Dravies M: Nuiritional screening and assessment in cancer-

assoc bted malnvtdtion. Eur [ Oncol Nurs 9, Suppl 2, S64-
573, 25

. Barmet M, Antoun § Dalban C, Malks D, Mansowbakdit T,

et al: Sarcopents is linked to treatment toxicity in patients
with metastatic colorectal cancer. Nutr Cancer 66{4), 583
589, 2004,

Siddigui NI Khan 54, Shoeb M, and Bose §: Anthropo-
metric predictors of bio-impedance amalysis (BlA) phase
angle in healthy adulie. | Clin Diagn Res 10(6), OC01-
CCHM, 2016,

. Friedman |, Lussiez A, Sullivan |, Wang 5, and Engleshe

M: Implications of sarcopenia in major surgery. Nutr Clin
Pract 30(2), 175-179, 2015.

. Rier HN, Jager A, Sleijfer &, van Rosmalen [, Kock MC,

et al: Low muscle atienwation is a prognostic factor for
survival in metastatic breast cancer patients treated with
first line pallistive chemoth erapy. Breast 31,9-15, 2017,

. Williams GE, Deal AM, Mus HB, Weinberg MS, Sanoff

HE, et al.: Skeletal muscle measures and physical function
in older adults with cancer sarcopenia or myopenia?
Orcotarger B Y, 3365833665, 2017,

. Huang DD, Chen XX, Chen XY, Wang 5L, Shen X, et al:

Sarcopenia predicts 1-year mortality in elderly patients
undergoing curative gastrectomy for gastric cancer: a pro-
spective study. | Cancer Res Chin Oncol 142(11), 2347
2356, 2016

Lieffers JR, Bathe OF, Fasbender K, Winget M, and Bara-
o8 VE Sarcopenis is associated with postoperative infec-
tion and delayed y from colorectal cancer resecti
surgery. Be [ Cancer 107(6), 931-936, 2012,

. van Viedder MG, Levolger §, Ayez N, Vethoef C, Tran

TCE, et al: Body composition and oulcome in patients

undergoing resection of colorect] liver metastases. British

Journal of Surgery 99, 550-557, 2012,

Nattenmilller ], Wochner R, Muley T, Steins M, Hummler

5, et al: Prognostic impact of CT quantified musde and

fat distribution before and after first-line <he motherapy in

lung cancer patients PLoS One 12(1), 20169136, 2017,

K. Hirso M, Nishil B Nag;

Y, et al: Saravpenia & d witls severe p Live

complications in elderly gastdc cancer paﬂems mndegm:g

gastrectomy. Gastric Cancer 19(3), 986-003, 2016,

Makinra D, Ono B, Inove |, Kashiwa M, Oshiliri T, et al -

Preoperative sarcopenia is a predictor of postoperative

pulmorary complications in esophagesl cancer following
ectomy: a retmspective cobort study. | Geriatr

Oracal 7(6), 430436, 2016

6l

62

&7

7L

72

73

74

75

7a

Phillips SM: Nutritional supplements in support of resis-
tance exerc e to counter age-related sarcopenis. Adv Nutr
6(4), 452—46d, 2015,
Stene GB, Helbostad JL, Balstad TR, Riphogen 11, Kaasa §
et al: Effect of 1 exercise on muscle mass and
strength in cancer patients during trestment a systematic
review. Crit Rev OncolHemartol B8(3), 573-503, 2013
Keilani M, Husenoehd T, Baumann L, Ristl B, Schwarz M,
et al: Eifects of msigance exercise in tate cancer
patients 2 m.eh-nm]ys.ls Summrt Care Cancer 25(9),
2453-2064, 2017,
Strasser B, Steindorf K, Wiskemann |, and Ulrich CM:
Impact of resistance training in cancer survivors a meta-
analysis Med Sci Sports Exerc 45(11), 2080-2080, 2013,
Baracos VE: Skeletal muscle anabolism in patients with
advanced cancer. Lanet Onoel 16(1), 13-14, A5,
Murphy RA, Mourtzakis M, Chu Q8 Baracos VE, Reiman,
et al: Nutritioral imervention with fish oil provides a ben-
efit over standard of care for weight and skeletal musdle
maass in patients with ponsmall cell lung cancer receiving
ch L Cancer 117(8), 1775-1182, 2011,
Prado CM, Cushen 8], Orsso CE, and Ryan AM: Sarcope-
nia and cachexia in the era of obesity: dinical and nutr-
tiomalimpact. Proc Nutr Soc 75(2), 188-198, 2016.
Selberg O, and Selberg [ Nomns and correlaies of bioim-
pedance phase angle in bealthy human subjects, hospital-
ized patients, and patients with liver cirhosis. Eur [ Appl
Physiol 86(6), 59-516, A2,
Noman K, Stobaus N, Zocher D, Bosy-Westphal A, Szra-
mek A, etal: Cutoff percentlles of bioelectrical phase angle
predict functionaity, quality of life, and moriaity in
patients with cancer. Am [ Clin Nutr 92(3), 612-619, 2010
Norman K Wirth B, Neubawer M, Bcardt R, and Siobaus N:
The bicimpedance phase angle predicts low musdle strengih,
inmypraired quality oflife,a nd incresed mortality in old patients
with cancer [ Am Mai Dir Assoe 16(2), 173,217 222, 215,
Barbosa-Silva MOG, Barres ATD, Wang [, Heymsfeld SB,
and Pieson RNJ: Bioee ctrical impedance amalysis popu-
lation reference values for phase angle by age and sex Am
T Clirt Nutr 82(1), 49-52, 265,
Marini E, Buffs R, Saragat B, Coin A, Toffanello ED, et al:
The potential of dasic and specific bioelectrical inped-
ance vector analysis for the assessment of sarcopenia and
ic obesity. Clin fntery Aping 7, 585-591,2012
Nomean K, Pirlich M. Sorensen |, Christersen P, Kemps
M, et al: Bioi nce vector analysis as a messume of
myuscle function. Clin Nutr 28{1), 7882 2009,
Wisser M, Kritc. 5B, Newman AB, Goodpaster BH,
Tylawsky FA, et al: Lower serum albumin concentration
and change in muscle mass the health, aging and body
coniposition study. Am [ Clin Nutr 82(3), 531-537, 2005,
Soyder CK, Lapidus JA, Cawthon PM, Dam TT, Sakai LY,
et al: Serum albumin in reltion to change in musde
mass, muscle strength, and musce power in older men. J
Arm Greriatr Soc 60(9), 1663-1672, A2
Isenring E, Baver |, and Capra & The scored patient- generated
subjective global assessment (PG-SGA) and its assocition
with quality of il in ambulstory patents receiving radiother-
apy. Eur [ Clint Nutr 57 2), 305304, 2003,

118



119

ANEXO F - Artigo publicado em periédico como coautora

Ewapean Journal of Clinial Nuirion
s 7 doioeg 10,1 035/ 41430-018-01 30-1

L

Body composition, energy expenditure and physical activity
Muscle mass assessment by computed tomegraphy in chronic
kidney disease patients: agreement with surrogate methods

Juliana Giglio" - Maria Ayako Kamimura® - Nilian Carla Souza'® - Andre Valente Bichels® - Antonio Cados Cordeire® -
Mivaldo Pinho® - Carla Maria Avesani'®

Received: 14 June 2017 / Revised: 18 December 2017 / Accepted: 10 Febouay 2018
© Mecmillan Publishers Limited, part of Springer Nature 2018

Abstract

Background/objectives Patients with chrmonic kidney dsease (CKID) ar subjected to muscle wasting. Therefore, it is
important to investigate swrogate methods that cnable the assessment of muscle mass loss in the clinical sciting. We aimed
to analyze the agreement between computed tomography (CT) and surmgate methods for the assessment of muscle mass in
non-dialysis CKD patients.

Subjects/methods Cross-sectional study including 233 non-dialysis patients on CKD stages 3to 5 (61 £ 11 years; 64% men;
glomerular filtration rate 22 (14-33) mL/min/l 73m?. The muscle mass was cvaluated by CT and bicelectrical impadance,
skinfold thicknesses, midarm muscle circumterence {MAMC), the predictive equations of Janssen and Baumgartner and the
physical examination of muscle atophy from the subjective global asscssment.

Results In males, the MAMC showed the best agreement with CT as indicated by the kappa test (k=057, P<0.01},
sensitivity (§ =68%), specificity (§ =#9%) and accumcy (area under the cuirve—AUC =(1.78), followed by the Baum-
gartner equation (kappa =046, P <0.01; sensitivity = 60%; specificity =87% and AUC=0.73). In female, the Baum-
ganiner equation showed the best agreement with CT (kappa =043, P<0.01; sensitivity = 57%: specificity = 86% and
AUC=071)

Conclusions The MAMC and Baumganner equation showed the best agreement with CT for the assessment of muscle mass
in non-dialysis CKD patients.

Introduction in CKD is progressive and is ofien observed 2, 3], due to

an imbakince chamcterized by a low protein synthesis and
The skeletal muscle mass is a dynamic organ that providesa  increased protein degradation. The factors inherent to the
rich source of amino acids and carbon chains that can be  disease that induce to protein catabolism include hormonal
mobilized during stress or chronic pathologic conditions, disturbances, metabolic acidosis, physical inactivity,
such a5 chmonic kidney discase (CKD) [1]. Muscle wasting  immunologic and myocellular changes, inflammatory con-
dition, meduced protein intake, myostatin expression and
reduction in satellite cells function [4—6]. The concem af
developing muscle wasting lics on its association with the

7 Calz Maria Avesmi occumence of frailty [7] and functional disability [£], which,
AL A G cecw in tum, leads to worsening quality of life [9], Moreover, loss
! Mutrition Gracise Prigram in Food, Nusrition snd Healt, of muscle mass itself has been shown to increase momality
Nufrition Institute, Rio de Janeiro State University, Rio de kmeiro,  Tisk in CKD patients [10-13]).
Bl For diagnostic purposes, skeletal muscle mass is the
* Nuirition Oradusle Prgram, Federal Universty of 530 Paulo, ideal compartment to target in the seamch for muscle
Ri dle Taneiro, Brazil abnormalities in CKD. However, in non-dialyzed CKD
1 National Ingitue of Cancer, Rio de Janeino, Brasil 'paticms, one should be aware for clinical signs of edema,
4 Depertment of Hyperension and Nephrology, Dante Parsmese as it might impair a proper assessment of muscle mass
Institute of Cardiology, Rio de Janeiro, Bowil [14]. In CKD, muscle mass is often assessed by dual-
4 Nurition Institte, Rio de Jansino Stste University, Rio de Janeirg,  ©NCTEY X-ray absorptiometry (DXA) and anthmopometry.
Braxil An important limitation related these methods are that
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measucments are subjected to emors when hydmtion
status iz not constant, DX A, for instance, assumes a uni-
form hydmtion of 73% of the lean body mass [15] and,
fluctuations in the hydration status because of the illness
such as CKD, results in over or undersstimation of the
lean body mass gquantification  [16]. Similardy, the
anthmpometric measurements (midarm cicumference,
midamn muscle circumference, calf crcumfersnce and
adduwctor pollicis muscle thickness), although validated
for screening for low muscle mass, can show meduced
accuracy when clinical edema is present, a condition that
can ocewr in the stages 4 and 5 of CKD [14]. Therefore,
methods able to assess the skeletal muscle mass that does
not suffer influence from the hydmtion statns can offer
better precision than the former ones.

The Eumpean Consensus Statement has, to its high
precision, accuracy, and reliability [17], identified the
computed tomography (CT) as the gold-standard method
for the detection of muscle wasting in clinical trials. In
addition, CT is not influcnced by the hydration status,
making this a method of preference to be applied in patients
with CKD [14]. However, the radiation exposure and its
high cost restrict the use of CT to the rescarch setting. There
arc fow studics applying CT for the asscesment of skeletal
muscle mass in dialyzed patents [18, 19] and none of them
explored the use of this technique to validate surmogate
methiods for the asscssment of muscle mass. Therefore, it is
necessary 0 investigate the single cross-sectional image
area that shows the highest accuracy to estimalke or represent
the total hody skeletal muscle. Shen ot al. [20] showed in
healthy adult (123 men and 205 women) that among the
dbdominal skeletsl muscle slice areas, the one located Scm
above LA-LS, which comesponds to the thind lumbar ver-
tebra, had the highest comrelation with total body skeletal
muscle volume, assessed by magnetic msonance imaging
(MRI). In addition, the authors showed that this single slice
area accurately predicted total body skeletal musclk volume
in a model validation including healthy subjects [20]
Subsequently, a study performed in oncologic patients
showed that the skeletal muscle volume from the slice area
located i the third lumbar venebra was highly comelated
with fai-free mass and with appendicular skeletal muscle
mass as asscssed by DXA [21]. Although the site at the
third lumbar vertebra 0 assess muscle mass has oot yet
been tested in CKD individuals, the results obtained in the
previous shadics suggesis this as an accurate slice amrca to
assess whole-body skeletal mass. Maoreover, CT images
aoffer the sssessment of muscle quality by the infiltration of
fat n the muscle, an attnbute not availabke thrmgh DXA
Therefore, considering the accuracy of CT and the impor-
tance of assessing muscle mass in CKD patients to screen
for muscle wasting, we aimed to identify the surmgate
method with higher agreement, sensitivity, :pccif"x:'ity and
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accuracy as compared with CT in CKD patients on stages
3-5 (mon-dialysis dependent).

Materials and methods

Subjects and study design

This study is included in the project entitled Malmtrition,
Inflammation and Vascular Caldficaton (MIVC) cohont
{Dante Pazzanese Institnte of Candiclogy in Sao Paulo,
Brazl), which aimed to assess the association between
traditional, novel and uremic risk factors with cardiovas-
cular and general morbimontality [22, 23] The paticnis wene
enmlled from March 20010 until March 2013, CKD was
defined as JFlnm:Tula' filtration mate (GFR) below 60mL/
min/1.73 m". The exclusion criteria included clinical signs
of acute infection in the month before enrollment, active
cancer or liver disease, diagnosis of immunological diseases
and denial to paricipate in the study. The patients wen
submitied to thoracoabdominal T analysis without contrast
for the evaluation of the comnary aneries calcium score and
abdominal visceral fai. For the present study, patients wene
included if measurements of CT from the thoracic and
abdominal scan imaging were available. Chat of 3(X) patients,
67 were excluded due © lack of CT scans or due to the CT
scan without images from the third lumbar vertebra. There-
fare, 233 patients werne included as depicted in Fig. 1. No
difference reganding age, gender and presence of diabetes was
obscrved between the excluded patients {n = 67) and included
sample, except for GFR (18.0(9.8; 27.6) wvs 223 (13,5, 32.9)
mLimin/l.73m", P<0.01, respectively). The Research Ethi-
cal Commitiee from Dane Pazzanese Ingitute of Candiology
approved the study and informed consent was obtained from
cach subject before inchision in the shudy.

Subjective global assessment (SGA)

The 7-point subjective global assessment (SGA) was
employed to evaluate the nutritional status. A score of 1-2

Included in iy udy {n- 51|

)
&  Fatlens withost CT scanung (6=26)
»  Futicots wihoe oroges @ thid
lummibar vertcbra fn=d1

| Patienns induded in this saslyels (0-231)

Fig. 1 Flow chan of stwly inclusion and exclwiom CT compuied
tamigraphy
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Erector spinae

Fig. 2 Descrplion of cross-section evaluation of the muscles locsted =
the third lumiher veriehra by compuied tmography

Laboratorial parameters

Blood samplkes were acquired afier an ovemight fast
Plasma and serum were stored at —70°C, # not immadi-
ately analyzed. Semim dosages of wrea (kinctic method),
creatinine (colorimetric method—Jaffe) and albumin (green
bromooresol) were evaluated, in addition to the creatinine in
the 24 h urine sample (colorimetric method—Jlaffe). The
laboratorial analysis was performed at the Danie Pazzanese
Institute of Cardiology laboraiory.

Statistical analyses

Continpous varishles will be presentsd as mean+ 5D or
median and interquartile mnge, depending on its normality
distribution  {assessed by Kolmogorow-Smimov  fest).
Categorical variables will be shown as the absolute value
and its cormespondent percentage. The univariate associaton
hetween mus cle mass evaluated by the CT and the surmgate
metods will be assessed by Pearson or Spearman test,
depending on the varable distribution. The agreement
hetween CT and the surmgate methods for the assessment
of low muscle mass will be evaluated by kappa test. The
kappa value of agreement can be interpreted as follows:
0.20 poor, 0.21 to 0,60 modemte, 061 to 080 good and
081 to LOO very good [31]. The sensitivity and specifi-
city of the surmogate methods weme assessed thmough a
cmss-reference table and the area under the curve (AUC)
by the mcciver operator curve (ROC) analysis, using CT
as the reference method. Diagnostic accuracy was deemed
excellent for AUC values in the range of 090100, gond
or discrete for (.80-0.70; poor for (L60-0.710, and absent
for values between (.50 and 0.60 [32]. A post hoc analysis
calculated a power of 9% to assess the agreement
between CT with the surrogate methods. Statistical sig-
nificance was defined as P-values below (105, The sta-
tistical package for the social sciences (SP55) version
18.0 (SPS5, Inc., Chicago, IL, USA) was used for the
statistical analyses.
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Table 1 Msxin demogophic and clinicsl cherscteristics of non
dislymed patients on CKD siages 3 i 5 under comservative testment
i{n=233)

Varishles All patients {n =233)
Gender (male) o (%) 149 (639
Age (years) H5+106
BMI (kgfm®) M2£55
SCA [n{%)]
87 (well mourished) 174 (75.5)
345 (maderately to miklly malnourished) 55 (23.8)
1,2 {meverely mlnourishesd) 209
Albumin {gfdl.) 39 (36 42
us-CRP {mgfdl} 037 (13, 0.8y
Crestinine {mgkll) A0 (23 43*
GFR {mlLémim) 23(138 29*
CRIY slages
3a ) {B.6
3h 52T
4 B9 (382)
3 71 {3D.5)
Lirea {mghklL) TOMLOTTA, 128.5)*
DM [ (0] 117 {502y
Hypertemsion [n (%)) BT (974

Data are expressed 2 meam 500 except for those with * which are
expresied = median and interquartile range

BMY body mass index, SGA subjective global svsessment, GFR
plomenulyr filration e, CKI chronic kidney diese, w-CRF
uhraendtive C-mactive protein, DM dishetes. mellins

Results

The demnographic and clinical characteristics of the sample
are desaribed i Table 1. Reganding the nutritional status,
the mean BMI was indicative of overweight [33], the
majorty of the patients had a SGA score mdicatve of
adaquate mutrifional status and serum alburmin was within
the apprmopriate value (=38 gdL) [27]. Mormeover, majority
of the patients were on CKD stages 4 and 5. The prevalence
of low muscle mass assessad by the cutoffs established for
the geneml elderdy or CKD individuals were investigated.
For SMM-Baumgarmer (cutoffs of appendicular skeletal
mass index <7.26 kg/m? for men and <5.5 kgim® for women
[17]) the prevalence observed was 7.4% for men and 3.6%
for women, for SMM-Janssen (cutoft skeletal muscle index
<10.76 kg/m® for men and <6. 76 kg/m® for women [17])
was 23 5% for men and 6% for women, for MAMC ade-
quacy <% [27] was 26.8% for men and 11.9% for women
and for SGA-muscle mass physical exam with a scone <5
the prevalence was 18.E% for men and 17 9% for women.

The agreement between T and the surrogate methods
for the asscssment of low muscle mass (applying the
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cutoffs described in Table 2) is shown in Table 3. In
males, the kappa coefficients wen indicative of modemte
agreement and the specificity (true negative values) was
higher than the sensitivity (tue positive values). In
addition, the AUC was indicative of a good accuracy,
except for MM-SGA. In female, a modemte kappa
agreement was observed for FFM-BIA, SMM-Baum gari-
ner, SMM-Jansen and MAMC. ']']tspuiﬁc:ity, sirnilar to
that observed in male, was higher than the sensitivity and
the AUC  indicated a good accumcy for
SMM-Baumgartner and FFM-BIA. Among the methods
tested, the MAMC and the Baumgarmer predictive
equation and FFM-BIA were the methods with higher
agreement and accuracy in males and females, mespec-
tively, when compared with CT. A significant and positive

Table 2 Cutofls to deline low muscle mee (kwed 25th percentile)
scconding & gender of non-dislyred patients on CKD stages 310 5 {n
=233)

Men (n=144) Wamen (n=84)
SMMACT e ) 1391 9415
FFM-ANT (kg) 524 391
FFM-BIA (kg Sa.8 414
SMM-Baumgarmer (kg) 214 14.8
SMM-Jansen (kg) 29.3 18.2
MAMC (em) 244 229

SMM deletal muscle mas, CT compuled bmagraphy, FFT fat-free
mass, ANT snthropomesy, Bid bioelecwical impedsnce amlysis,
MAMC miderm muscle circumilerence

association between the CT and the sumogate methods
were ohserved for all methods in both genders.

Discussion

This study aimed to evaluate the agreement between CT and
surogate methods highly applied in the clinical setting for
the assessment of musclk mass. To the best of our knowl
edge, this is the first study evaluating muscle mass by CT at
the third lumbar verebra in CKD patients before menal
replacement therapy .

The use of CT image analysis is considered a gold-
standand imaging method at the tissnc-organ level for the
assessment of body composition, espeacially muscle mass,
since it gathers chamcteristics such as high accumcy, pre-
cision and meliability [34, 35]. The site located at the third
lumhar vertechm has been validated in healthy individuals
for the asszssment of whole-body skeletal muscle mass [ 2]
and in oncologic paticnts the CT scans at this site showed to
be highly associated with fat-free mass and with appendi-
cular skeletal mass assessed by DXA [21). Considering that
the site locaied at the third lumbar vertebra is representative
of whole-body skeletal muscle mass in healthy individuals
| 20], the assessment of muscle mass by CT in CKD patients
is likely to be superior to other reference methods such as
DX A, since the assessment of muscle mass by CT is not
subjected to emrors coming from fuctuations in hydration
sas [14] However, the high cost and possible limited
access to the equipment, the requirement of appropriae

Table 3 Agreement and univariste ssocistion hetween mscle mass evalusted by computed mography and methods applisd in clinical practice
in monedialyzed patents on CED stages 3 10 5, acconding i gender 0 = 233)

Fappe ted {rp) Sensbility (%)

Specificity (%) ALUC (95% CIy Linivariste ssociation (T}

Male n =148)

CT vs FFM-ANT OS50 (<01} 622
CT vs FFM-BIA (43 (<001) 571
CT vs SMM-Baumgarner (.46 (<L) 549.5
CT vs SM M-Janssen 041 {<01) 571
CT vs MAMOC 057 (<) 676
CT va MM SGA 032 {(=001) 405
Female {n=84)

CT vs FFM-ANT 011 {0309 333
CT vs FFM-BIA (45 (= 001) 579
CT vs SMM-Baumgarmer 043 (=001) 571
CT va SMM-Janssen 039 (<001) 550
CT vs MAMC (.24 {003y 429
CT vs MM EGA =112 {25 a5

K14 0L.75 {IL65, (LES) 057 =0
5.7 071 (061, 0L.82) 055 {<0.0)"
866 .73 (a3, (L83) 055 {0
B5.1 O {60, 0.81) T
Be3 .78 {68, 0LRE) a2 (<001
584 hod (153, 0.76) -

T8 056 (41, 070 052 (=0.my*
56.9 0L.T2 {iL5K, 08T el =00y
5.7 .71 {05, (LR5) 058 {<0.0)"
B4.4 b8 {IL55, (LE3) a2 (=)
ELO 062 (L7, 07T 50 {0
Te.4 44 {ih34, 0.58) —_

ALC arez under the curve, CF cmfidlence interval, CT compuiexd tomergraphy, FFM [2t-free moss, ANT anthropedametry, B4 boslectrical
impedance analysis, SHM delels]l muscle moss, WAMWC miderm muscle croumlenmce, MM mscle moass, SGA subject global asesament

* Pearsom comelation tes
" Spesrmen comelation st
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software to analy ze body composition and trained personnel
with knowledge on anatomvy, restrict the use of CT to
mesearch purposes [34, 35], which emphasize the importance
of testing sumrogate methods in relation to CT. Moreover,
the exposition 1 mdiation dose generated by CT limits its
use in repeated measurements solely for the purpose of
conducting body compaosition research [34-36). Regardless
of these limitations, CT images cam be applied when
obtained from screening of the medical diagnosis and weme
digitally stored in the patient’s medical record, as the case
of the curent study, By using the medical reconds with CT
irnages available, we were able 1 analyze muscle mass with
no harm for the patient and show that the MAMC, the
Baumgartner predictive cquation and FFM-BIA were the
miethods with higher agreement and accuracy in males and
females, respectively, when compared with CT. In addition,
these methods showed the highest sensitivity and spedficity
to detect low muscle mass, a characteristic of high impor-
tance when testing diagnostic methods. However, it should
be noticed that the sensitivity (that is, the troe pcsnivt,
cases) for both methods showed a misclassification of low
muscle mass as compared to CT.

Owr results toward the good agreement of MAMC in
maks i in accordance with that proposed by the Interna-
tional Society in Renal Nutrition and Metabolism to screen
for muscle wasting [27]. Supporting this stalement, studies
that investigated the use of the MAMUC found a good cor-
relation with gold-standard methods, such as DXA and CT
[37, 38]. In a previous swdy in hemodialysis patients, which
cxamincd whether several anthmopometric and biochemical
measuements wene comelated with the lean body mass
assessed by DXA, it was shown that MAMC was strongly
associgted with the reference method (r=0.72, P=<0.001)
[37). In addition, MAMC has heing pointed a5 a predictor
of mortlity in incident dialysis patients [13]. In another
study including adults patients with liver cimhosis, Giusto
ot al reported that the MAMC showed good agreement with
muscle mass assessed by CT at the thind lumbar veriebm in
males (r=0.4%; P <{(L.001), but not m females (r=0.15; P
=0.435) [38]. The findng of a more mlishke nesult of
MAMC in male than in femalkes observed in our study and
by Giusto et al. [3£] can be explained by the fact that loss of
muscle mass is not wniform i the body and can affect
distinct sites according to gender. For example, the pro-
portion of the upper limhs muscles is usually higher in
maks than in females [39], which can lead to distinct
muscle loss depending on the gender. MNeverthelsss, one
should be aware of the misclassification ermor coming for
low muscle mass assessed by MAMUC given a sensitivity
lower than the specificity.

For females, on the other hand, among the methods
tested, the FEM-BIA and Baumgartner cquation showed the
highest agrecment, accuracy, sensitivity and specificity to
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detect low muscle mass. Of noie, the Baumgartner equation
showed a good performance ako in males, making this
equation an option for the assessment of muscle mass in
both genders. The Baumganner equation was developed in
a study aiming to estimate the prevalence of sarcopenia in
elderly participants of The Mew Mexico Elder Health Sur-
vey by using a random subsample of participants, which
was then extended to the total sample [26]. This predictive
cquation, which uses casy-to-measure varables (weight,
height, hip circumference and grip stength) was validated
against DXA for the assessment of appendicular skeletal
muscle mass [26]. In a previous study from our gmoup [40],
we showed that this predictive equation showed good
agmement with appendicular muscle mass asscssed by
DXA in a sample comprised by ecldedy hemodialysis
patients. Some studies, in non-CKD individuals, applied the
Baumgariner cquation to asscss the appendicular skeletal
muscle mass and found that low muscle mass was asso-
ciated with mobility and basic activities of daily living [41,
42]. These findings show that this equation was able to
predict clinical morbidity due to low muscle mass,

The limitations and strengths from the current investi-
gation should be discussed. As a limitation, we applied the
cuinft point below the 25th percentile for gender, in cach
method, to define low muscle mass. This threshold was
arbitrary, since there is no established value for the diag-
nosis of low muscle mass in non-dialyzed CKD and dis-
lyzed patients. It would be desirable to apply a cuft able 1o
predict a worse clinical outcome, such as low quality of life
andlor higher hospitalization mte and mortality. On the
other hand, when we assessed the prevalence of low musde
mass according 1o the cutoffs estmblished for the elderly
populaton or CKD individuak for each method by gender,
the vahes observed were similar or lower than the lowest
quartile of our sample. In addition, although validated in
healthy individuals and in oncologic patients, the site
located at the third lumbar vertehma has not yet been tested
in CKD individuals for the assessment of muscle mass. It
should also be mentioned that there was a lower proportion
of females and of patients in CKD stage 3a (GFR between
45 to 59 mimin'l.73m"), which might limit the repre-
sentativeness of the studied sample. The strengths worth
highlighting include the use of CT as the meforence method,
which is a well known for its high precision, accuracy and
reliahility [34, 35]. Also, the fact that the same ohserver
read all the images from CT minimizes cmors coming from
interobserver readings. Finally, the surogates tested had
high clinical applicability, characterized by low cost and
pcrt.ﬂ:llc cquipm:m rtqm':ing T T trai.n"ng, which
allows an affordable assessment of muscle mass,

In conclusion, in both genders, the Baumgarner equation
showed to be a good surmgate method to assess the musce
mass in CKD patients under conservative treatment. The
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MAMC showed higher agreement and accurmacy in males,
bt mot in fernales. Finally, clinicians should be aware of the
lack of threshold values for muscle depletion, which consist
a limitation of the use of CT scan in the evaluation of
muscle mass, Upcoming works should focus on the iden-
tification of normal threshold valies o offer a better eva-
luation of low muscle mass in CKD  patiemis under
comseTy ative treatment,
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