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RESUMO

Objetiva Investigar a associacao da sarcopenia, obtidaatelo com diferentes métodos
de avaliacdo da massa muscular, com o estadoian#i@ a sobreviddétodos estudo
observacional e prospectivo que envolveu 334 ptasesendo a sarcopenia definida pela
redugcdo concomitante da massa muscular e da forgassa muscular foi avaliada por
meio de 3 diferentes métodos, a saber: a area hausicubraco (AMB), a circunferéncia
da panturrilha (CP) e a massa muscular esquekiitieadicular (MMEA), descrita por
Baumgartner (1998) e ajustada pela altura (IMMBAjprca foi determinada por meio
do uso de um dinamdmetro de preensdo manual. &Awdbrfoi determinada pelo tempo
em dias contados da data da avaliacédo até o arnguica (90 dias). As curvas de Kaplan-
Meier foram construidas para a andlise da sobrevadassociacao entre a sarcopenia e a
sobrevida foi avaliada pelo modelo de regressdGale ResultadosA prevaléncia da
sarcopenia variou de 27% a 65% de acordo com odméiiilizado para avaliar a massa
muscular. A desnutricdo avaliada por diferentegupatros foi significativamente mais
frequente em pacientes com sarcopenia. Os pacieatssderados sarcopénicos pela
AMB (43 versus 67 dias, p <0,001), pela CP (44 w®i&/ dias, p <0,001) e o IMMEA
(48 versus 75 dias, p <0,001) apresentaram solarsigdificativamente inferior aqueles
pacientes ndo sarcopénic@ssarcopenia avaliada segundo a AMB (HR, 1,57; 1C95%,
1,122,18) e a CP (HR, 2,00; 1C95%, 1,45-2,76) configurou maior risco de mortalidade
em 90 diasConclusdo A sarcopenia diagnosticada pela AMB e af@Fapaz de prever

a mortalidade, sendo que a CP foi o melhor métooigndstico da sobrevida para esse grupo
de pacientes oncologicos.

Palavras-chave: Sarcopenia; Estado nutricional; Cancer avangado; Cuidados paliativos;
Sobrevida.
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Aim: To investigate the association of sarcopenia, d@oogrto distinct muscle mass
measurement methods, with nutritional status aretadlvsurvival (OS)Methods This
observational and prospective study, including 32dients, defined sarcopenia as
reduced muscle mass and strength. Muscle mass wedisated adopting 3 different
methods, mid-upper arm muscle area (MUAMA), calfcemference (CC) and
appendicular skeletal muscle mass (ASMI) describgdBaumgartner (1998) and
adjusted for height. Strength was defined usingmdgrip dynamometer and OS was
established based on a 90 days follow-up afteusich date. Kaplan-Meier curves were
conducted for survival analyzes and the associdietween sarcopenia and OS was
evaluated by Cox regression mod&esults. Prevalence of sarcopenia varied from 27-
65% according to the method used to evaluate mumsaks. Malnutrition assessed by
different parameters was significantly more frequermatients with sarcopeniRatients
considered sarcopenic by MUAMA (48rsus67 days, p<0.001), CC (44rsus/7 days,
p<0.001) and ASMI (4&ersus75 days, p<0.001) had significantly lower OS coregar
to non-sarcopenic patientarcopenia evaluated by MUAMA (HR, 1.57; 95% CI, 1.12-
2.18) and CC (HR, 2.00; 95% CI, 1.45-2.76) showed a higher risk of mortality.
Conclusion: Sarcopenia diagnosed by MUAMA and CC could predfiottality and CC
proved to be the best prognostic method for estim& Sin patients with advanced cancer
in palliative care.

Keywords: Sarcopenia; Nutritional status; Advanced cancer; Palliative care; Survival.



1. Introduction

The term sarcopenia is derived from the Greek wsads (flesh) and penia (poverty) [1].
The international consensus in sarcopenia defiheasi a syndrome characterized by
concomitant and generalized loss of skeletal musw@ss and strength [1,2,3,4]. Although
sarcopenia is primarily a condition of the eldarigividuals, it may also be associated with
chronic diseases, including cancer [1].

Evidence of muscle loss and strength reductiont®kis most cancer types and stages.
However, these conditions are more evident in ack@rphases of the disease and become
significant in terms of functional disability, logg autonomy and decreased quality of life
[1,5,6,7]. Studies have shown that the presensaragbpenidas been associated with adverse
outcomes including decreased overall survival ({(8%),10].

Current guidelines discuss the use of multiple mesament techniques and cut-points to
diagnose sarcopenia. There are several methodalaledb assess depletion of skeletal muscle
mass,such as, computed tomography (CT), magnetic resenamnaging (MRI), dual energy
X-ray absorptiometry (DXA), anthropometric measueegl bioelectrical impedance (BIA)
[5,7,11].

Although the CT, MRI and DXA methods are considegold standard, they are
expensive, require skilled labor and some of thegose patients to radiation, which may
render some of them unmanageable in the clinictihge On the other hand, anthropometric
measures are classified as low cost, noninvasideeasy to apply during routine clinical

practice [12].

Despite the associations between sarcopenia amausasignificant health outcomes,
there has been very limited research comparingasiseciations between nutritional status,
survival and sarcopenia defined by anthropometeasarements. Therefore, the aim of the

present study was to evaluate the associdbeiveen sarcopenia, diagnosed by different



muscle mass measurement techniques, with nutritistadus and overall survival (OS) in

patients with advanced cancer under palliative.care

2. Methods
2.1 Patients

This study presents the preliminary resudittsm an observational consecutive cohort
study conducted in the Palliative Care Unit atNlational Cancer Institutéosé Alencar Gomes
da Silva (INCA), Rio de Janeiro, Brazil. A total884advanced cancer patients were recruited
from March 2016 to July 2017. Muscle mass, streagthnutritional status were measured and
evaluated by trained nutritionists at the firsitigr outpatients and within the first 48 hours of
the first hospitalization for inpatients. Cancepey stage of the disease, previous oncologic
treatment, comorbidities and the date of death wbtained from medical records.

Patients were included according to the followitigikle criteria: age> 20 years old,
ability to answer the necessary information andtmompanied by someone capable of it, and
Karnofsky Performance Status (KPS30%. This study received ethical approval from the
Research Ethics Committees of INCA (Protocol nunthdf7.458 of 2016) and all patients
signed an informed consent term before joiningstiuely.

2.2 Measurement instruments

Anthropometry

Measurements of weight and height were made witfests wearing light clothing and
without shoes. Weight was obtained using a caklorgdortable Wiso Digital scale (150 kg
capacity). For those patients who were unabledndstit was used an in-bed scale system -
Stryker, model Go Bed Il. Weight loss history iretpast 6 months was also collected. We
considered a weight loss greater than or equa¥i@s clinically significant, consistent with

malnourished state or at risk of malnutrition.



Height was measured using a tape stadiometer onalheHowever, when not possible,
it had to be estimated using the knee height, wiviesi measured with the knee and ankle joints
flexed at 90°, using a measuring tape or an antmaper. The estimated height was calculated
through the Chumleat al. [13] formulas. Body mass index (BMI) was calcuthtes body
weight (kg) divided by the heigh(m).

Muscle mass

Three measures were used to assess muscle mass:

« Appendicular skeletal muscieass (ASM, kg)t was determined using the prediction
equation described by Baumgartregral [14], which uses body weight, height, hip
circumference and handgrip strength (HGS). The AS#&x (ASMI) was measured
using the following formula: ASM/heigh{2].

e Mid-upper arm muscle area (MUAMA, cmi):was obtained through the equation
proposed by Heymsfielet al.[15], which depends on sex and uses arm circumdere
and triceps skinfold thickness.

e Calf circumference (CC, cmit was assessed with the patient seated, kneeardheks
9(® flexed and the largest circumference was meadusieg inextensible tape. Values
were defined as the nearest 0.1 cm [16].

Muscle Strength

Muscle strength was assessed by HGS using Jamati@&ulie hand dynamometer
(Baseline, Fabrication Enterprises, Inc, EImsordl, NSA). Each participant was instructed
to comfortably arrange the instrument in his/herdyand in sequence apply as much effort as
possible with the dominaihiand, while sitting with the elbow flexed at 90hré&e trials were
performed with a 1 minute rest interval period. Tingt trial was discarded functioning as a

warm up and the higher HGS value of the other twadstwas recorded for the study.



Sarcopeniacriteria

Sarcopenia was defined as a reduction of muscle aras strength, concomitantly. Low
muscle mass was characterized when: 1) ASMI <7dl6vkfor male and < 5.45 kgffor
female [2]; 2) MUAMA <32 cm? for male and <18 cfrfor female [11]; 3) CC <34 ¢cm for male
and<33 cm for female [17]. Low muscle strength was medi by HGS <30 kg for male and
<20 kg for female [2].

Patient-Gener ated Subjective Global Assessment Short Form (PG-SGA SF)

Nutritional status was evaluated according to PGxS&F, available by Ottery in
Pt.Goblal.org, after its use permission. This toohsists of the first part of the PG-SGA,
detecting issues on: weight change (maximum sdob@, dood intake (maximum score of 4),
symptoms (maximum score of 24) and functional ceipé&maximum score of 3). Patients were
categorized as malnourished if PG-SGA SF sefre

2.3. Laboratory assessments

On the study enrollment day, a single intravenole®d sample was drawn for the
analysis of serum levels albumin and C-reactive protein (CRRpw serum albumin was
diagnosed as a plasma concentration <3,5 g/dL gmdCRP with values10mg/dl.

2.4 Survival

Patient OS was defined by the time interval, igsddetween the baseline date of the
study and the date of death (of any cause). Patight remained alive after 90 days were
censured.

2.5 Statistical analysis

We processed statistical analysis using the SBB&age version 21.0 (SPSS, Chicago,
IL, USA). Kolmogorov-Smirnov test was performed #ssess distribution symmetry.

Descriptive statistics [count/frequency (%), mearstandard deviation (SD), or median and
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interquartile ranges (IQR), as appropriate] weredut describe patient characteristics and
prevalence of sarcopenia.

Differences in nutritional status between patiemithh and without sarcopenia based on
different muscle measurements were evaluated (Bhigtest for categorical variables, and
independent t-test for continuous variables.

Kaplan-Meier method was used to illustrate surviuaves and the long-rank test to
compare OS according to the presence of sarcop@dyiaASMI, MUAMA and CC,
respectively). Additionally, the Cox proportionazard model was used to asdeszard ratios
(HRs) and confidence interval (Cl) of prognostictéas. Adjustments were made in multiple
Cox regression analysis for ag&0, female gender, gastrointestinal tract tum&$SK30-40%,

CRP >10mg/L and PG-SGA SF scaf@® Statistical significance was setpat0.05.

3. Results

A total of 334 patients with advanced cancer warduided in this study. The majority
were female (54.8%) with an average ages®finterquartilerange; IQR 55; 72). Table 1
describes the overall characteristics of patiemsluding nutritional status and laboratory
markers.

At the end of the follow-up, 127 (38.0%) patientsrevalive. The OS median was of 60
(IQR: 30-131) days for the entire group.

According to ASMI, MUANA and CC, low muscle masssyaresent in 89,9%, 32,3%
and 68,3% of patients, respectivdlpw muscle strength was prevalent in 70.4% oftimaple.
The prevalence of sarcopenia varied fldidb to 65%according to the diagnostic method.

The presence of malnutrition, diagnosed througfeidint parameters (weight l05$%
in 6 months, serum albumin <3,5 g/dL and PG-SGA&He>9), was significantly higher in

patients with sarcopenia compared with patientbout this condition, for the three muscle
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mass measurements, except for MUAMA, in which thesence of malnutrition by PG-SGA
SF, weight loss and serum albumwias higher among non-sarcopenic individuals. Funtioee,
BMI average was significantly lower between sarcop@atients compared to non-sarcopenic
patients for all muscle mass parametéebl(e 2).

The survival curves are iRigure 1. Patients considered sarcopenic by MUAMA (43
versus67 days, p<0.001), CC (dfrsus77 days, p<0.001) and ASMI (4&rsus75 days,
p<0.001) had significantly lower OS compared to -sarcopenicgroup In addition,
significantly lower survival curves (not shown hretfigure) were also observed for the groups
with low HGS (median OS 4877 days; p<0.001).

In theCox proportional hazard modelBaple 3), the univariate analysis showed a higher
hazard risk for mortality in the groups with sareog@, for the three different measurements,
but in multivariate adjusted analysis, only sarcopenia by MUAMA (HR, 1.57; 95% CI, 1.12-

2.18) and CC (HR, 2.00; 95% CI, 1.45-2.76) remained significant.

4. Discussion

The main aim of this study was to investigate ¢beelationof low muscle mass and
strength combined (true sarcopenia), defined herdint methods of muscle mass assessment,
with nutritional status and overall survival (OShree different muscle mass measurement
techniques were used, namely, CC, MUAMA and ASMie3e methods were selected because
they are reproducible and easily incorporated éndimical routine.

It is important to highlight that patients with sapenia classified by the three different
methods to asses muscle mass had lower survivaEuompared with their respective groups.
Nevertheless, higher mortality ratios in the 90sifmylow-up period were observed for low CC

and low MUAMA, but not for low ASMI. The results ggest that two of the three methods
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considered in this study can predict a 90 day®v¥elip mortality in patients with advanced
cancer.

Our primary hypothesis is that the proportion objeats classified as sarcopenic was
overestimated when defined by ASMI, since Baumgaignprediction equation takes into
account the HGS and the fact that 70.4% of the Eamasclassifiedas dynapenic. Thus, non-
sarcopenic individuals were possibly misclassifesdsarcopenic according to this method
Besides that, although Baumgartner’s predictioraiqn has been extensively used to estimate
muscle mass in adults and has been validated ifagplication in older subjects, additional
studies are needed to validate the use of thisodathadvanced cancer patients.

Some studies that investigated the relationshipvdsst sarcopenia and survival in
advanced cancer patients corroborate our findingsa study with patients receiving
neoadjuvant treatment for locally advanced esopddaggncer, those with sarcopenia showed
significantly decreased long-term survival compatedon-sarcopenic grouf8]. Also in
agreement with our study, Fukushietaal.[9], analyzing 88 patients with advanced urothelia
carcinoma, showed that sarcopenia was a signifaasindependent predictor of shorter OS.
It is important to note that although these studiese published recently, they classified
sarcopenia simply by low skeletal muscle mass, whiould be better designated as muscle
atrophy [11].

Related studies that evaluated the associationdegtwurvival and sarcopenia defined it
as the concurrent loss of muscle mass and stremgthrring in patients with cancer but not in
the advanced stage of the disease. For exampleygrtiiaal [22] in a prospective study of
elderly patients who underwent curative gastrecttongastric cancer showed that sarcopenia,
with muscle mass evaluated by CT, was an indepéndghn factor for 1-year mortality.

Likewise, sarcopenia with muscle mass determined®W assessed using multi-frequency
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bioelectrical impedance was a significant predictbOS in patients with esophageal cancer
who underwent esophagectomy [10].

Regarding anthropometric measurements, we did mat &tudies assessing the
relationship between survival and sarcopenia ushese methods with cancer patients.
Nevertheless, Tartaet al.[23] evaluated MUAMA as a potential prognostictéadn patients
with stage IV non-small cell lung cancer and fosrghificant lower OS for those categorized
as having depleted muscle mass. Additionally, Belukiarchassoret al. [24] identified that
calf circumference <31cm was found to be associaiéid 1-year mortality in a prospective
cohort including 606 elderly patients with cancer{0 years old).

Concerningnutritional status, patients with sarcopenia, méexjuently, presented
malnutrition assessed by PG-SGA SF, weight lossl &M serum albumin than its respective
groups.Corroborating these findings, Zhat al [25] performed a prospective study with
patients with gastric cancer and also found thetogeenia was associated with a lower BMI
and lower serum albumin, as well as lower hemogloldlues andigher nutritional risk
screening 2002 scoreSimilarly, Kim et al.[26] evaluated patients with small cell lung cance
and demonstrated that sarcopenia determined byneoghest CT scan was significantly
associated with lower BMI, serum albumin level, avelght. Therefore, with these results, we
suggest that the condition of sarcopenia was abldiferentiate the nutritional status of

patients.

The limitation of this study was that the use ofuaate methods such as CT and DXA
were not used to determine muscle mass, not altpawimore accurate and comprehensive
assessment of sarcopenia. The strength of themresely, on other hand, is the low-cost and
user-friendly muscle mass measuring techniqueseappb diagnostic criteria for sarcopenia.
These methods are required for screening, partlguradeveloping countries, since the use of

gold-standard methods are financially unfeasiblke large scale.
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5. Conclusion

The results of the present study show that sarcamkagnosed by MUAMA and CC
can predict mortality and CC is the best prognastthod to estimate OS in advanced cancer

patients.
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Table 1. Characteristics of the advanced cancer patients treated at a

Palliative Care Unit in the city of Rio de Janeiro, Brazil (n= 334).

Variables
Age (years® 63 (55;72)
Age>60 year® 208 (62.3%

Female gend®
Types of tumc®
Gl trac
Ginecologic
Head and nec
Lung
Breas
Other:
Distant netastasi®
Comorbiditie®
SAH
DM
KPS (3(-40%"
PG-SGA SF (global scor?
PCG-SGA (SF>9 points®
BMI (kg/m?)°
BMI (<20kg/mz2P
Albumin (g/dL?
Reduced muscle mé
ASMI (Kg/m?)
MUAMA (cm?)
CC (cm
Reduced HGP

183 (54.8%

104 (31.1%
58 (17.4%
43 (12.9%
37 (11.1%
29 (8.7%
63(18.9%

222 (66.5%

87 (26.0%
32 (9.6%
115 (34.4%
14 (8; 19)
255 (74.6%
22.1 (5.2
129 (38.6%
3.4 (2.9;3.9)

287 (89.9%
108 (32.3%
228 (68.3%
235 (70.4%

Note: n= number of observations; %= frequency; GI = gastrointestinal; SAH= systemic arterial
hypertension, DM= diabetes mellitus; KPS= Karnofsky Performance Status; PG-SGA SF=
Patient-Generated Subjecti@Gtobal Assessment Short Form; BMI= body mass index; ASMI =
appendicular skeletal muscle mass inde®JAMA= mid-upper arm muscle area; CC= calf
circumference; HGS = handgrip strength.

Median/interquartile ranges (p25-p75).

bNumber of observation/frequency

®Mean/standard deviation



Table 2. Differences in nutritional characteristics betwsarcopenia groups defined by different muscle nreasents in advanced cancer patients
treated at a Palliative Care Unit in the city obRie Janeiro, Brazil (n= 334).

ASMI MUAMA CC
Variables Sarcopenia  No sarcopenia (n=115) p Sarcopenia  No sarcopenia p Sarcopenia  No sarcopenia p
(n=219) value (n=90) (n=244) value (n=177) (n=157) value
PG-SGA SF>9 point§ 182 (54.5%) 66 (19.8%) <0.001 78 (23.4%) 170 (50,9%) 0.001 147 (44.0%) 101 (30.2%) <0.001
WL >5% in 6 month% 142 (60.9%) 63 (27.0%) 0.016 67 (28.8%) 138 (59.2%) 0.034 119 (51.1%) 86 (36.9%)  0.009
BMI (kg/m2)P 20.8 (+4.4) 24.6 (+5.8) 0.004 18.0 (£3.0) 23.6 (¢5.0) <0.001  19.7 (¢+3.6) 24.8 (#5.4) <0.001
Albumin <3,5 g/dI? 140 (41.9%) 37 (11.1%) <0.001 66 (19.8%) 111 (33.2%) <0.001 117 (35.0%) 60 (18.0%) <0.001

Note: ASMI = appendicular skeletal muscle mass index; MUAMA= mid-upper arm muscle area; CC= calf circumference; PG-SGA SF= Patient-Generated Subjective Global
Assessment Short Form; WL= weight loss; BMI= body mass index.

aNumberof observation/frequency; chix. 111 (33.2%)

PMean'standard deviation; independent t-test.

19



104 o Sarcopenia, ASMI 104 . Sarcopenia, MUAMA
—No sarcopenia No sarcopenia
Ty I Sarcopenia \ Sarcopenia
% = Mo sarcopenia-censored —+— No sarcopenia-censored
'-.l +—Sarcopenia-censored \ Sarcopenia-censored
a6 \ 0.8 X
\
- h |
m L5 —_ \
h © \
s : 2 \
g ]] g 0.6 \
L ) » \
[ - ® 1
= et o+ + > \
5 g A
2 .'. 3 N - bt
E 044 £ 04
E ) E
=3 iy e ——— - 3
Q (&) -
0,2+ 0.2+ it +
Median OS 48 vs 75 days; p<0.001 Median OS 43 vs 67 days; p<0.001
0.0 0,0
T T T T T T T T T
100 200 300 400 0 100 200 300 400
Overall survival (days) Overall survival (days)
104 o Sarcopenia, CC
W 1 No sarcopenia
7 Barcopenia
= No sarcopenia-censored
Y +— Sarcopenia-censored
|_I "1
0.8+ by
® b
=
3 0.6 -lll
n \
E R
4
E
0.4
£ 1 <3
=]
o
e T L L
0.2
Median OS 44 vs 77 days; p<0.001
0,0+
T T T T T
0 100 200 300 400

Overall survival (days)

Figure 1. Comparison of survival curves among patients with sarcopenia and no
sarcopenia by appendicular skeletal muscle mass, mid-upper arm muscle area and calf

circumference, n=334.

Note: ASMI = appendicular skeletal muscle mass index; MUAMA= mid-upper arm muscle area; CC= calf
circumference; OS= overall survival.

p-valor refers to log-rank test.
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Table 3. Multiple Cox regression analysis of the associatetween sarcopenia with
different muscle measurements and survival in ack@upatients treated at a Palliative
Care Unit in the city of Rio de Janeiro-Brazil (1343.

Univariate Multivariate
HR (95% CI p-value HR (95% CI)’ p-value
Sarcopenia, ASN 1.97 (1.44; 2.69) <0.001 1.34 (0.94; 1.92) 0.06(
Sarcopenia, MUAM;/ 1.93 (1.45; 2.58) <0.001 1.57(1.12; 2.18) 0.007
Sarcopenia, C 2.18 (1.64; 2.91) <0.00! 2.00 (1.45; 2.76) <0.001

Note: ASMI = appendicular skeletal muscle mass index; MUAMA= mid-upper arm muscle area; CC= calf
circumference; HR= hazard ratio; CI = confidence interval.

*Adjusted for age>60 years, female gender, gastrointestinal tracbtuKarnofsky Performance Status 30-
40%, C-reactive protein >10mg/L and Patient-Gemrer&ubjective Global Assessment Short Form score
>9.
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