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Objectives: Previous attempts to classify cancer cachexia (CC) have demonstrated limitations regarding stages
and diagnostic criteria. This study aims to develop and validate a new staging system for CC in patients with
incurable cancer.
Methods: This is an analysis of a database from a prospective cohort study of 1325 patients with advanced
cancer referred for palliative care between 2016 and 2020. The cohort was randomly divided into two
groups: Development (882 patients) and validation (443 patients) sets. A hierarchical cluster analysis was
performed to distinguish different stages of CC in the development set. Next, the optimal cutoff points and
ideal combinations of the most important factors associated with the CC groups (clusters) were ascertained.
Finally, the relationship between the CC stages determined using the new system and body composition,
quality of life, and overall survival was verified with the validation set.
Results: The new system classified CC into three stages: Precachexia (10.8%), cachexia (57.8%), and refractory
cachexia (31.4%), based on a combination of percentage weight loss in the past 6 mo (<15 or >15), body
mass index (<21.0, 21.0-26.4, >26.4 kg/m?), and mid-upper-arm muscle area (>38.0/>35.5 or <38.0/<35.5
cm? in men/women, respectively). The new staging system enabled a clear classification of patients into
three CC groups according to the outcomes analyzed. Outcomes of patients with refractory cachexia were sig-
nificantly worse than those in the other groups.
Conclusions: This study presents a useful, valid system for CC staging in the clinical setting, and is also capable
of predicting outcomes, including quality of life and overall survival.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

Cancer cachexia (CC) is a complex, multifactorial, pathophysio-
logical syndrome resulting from a variety of host—tumor interac-
tions that are still not fully understood [1]. CC contributes to a poor
prognosis due to the progressive depletion of the body’ energy and
protein reserves (e.g., skeletal muscle and adipose tissue), and neg-
atively affects physical function and the quality of life (QoL) of both
patients and their caregivers [1-3]. CC could be described as a
spectrum that develops to varying degrees. The full spectrum,
which not all patients develop, consists of weight loss (WL), muscle
wasting, anorexia, and inflammation [1]. Some patients die before
they develop advanced CC, while others stabilize with treatment of
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their primary disease or due to other clinical factors that preclude
further progression [4,5].

Current guidelines recommend early recognition of CC, but its
diagnosis is complex, not least because of its heterogeneous mech-
anisms and multiple phenotypes and clinical features [6,7]. One of
the barriers to the study of CC is the lack of a commonly accepted
definition for use in clinical practice. Several criteria for its diagno-
sis have been suggested, but there is some disagreement between
the systems available in the literature [8—13]. Consequently, the
prevalence of CC varies considerably depending on the diagnostic
criteria used [9,14—17].

The main diagnostic criteria assess CC in two or more stages
[1,8-13]. The two-stage system (i.e., noncachexia [NCa] or
cachexia [Ca]) fails to discriminate between different CC pheno-
types, making the system less effective for clinical applications
[3,9,18]. A four-stage system (i.e., NCa, precachexia [PCa], Ca, and
refractory cachexia [RCa]) would be more useful in the clinical
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setting, but the current systems fail to distinguish successfully
between the different stages, especially transitional and intermedi-
ate stages [10,12,15]. In addition, there is disagreement across sys-
tems as to what number of CC stages would be optimal, what
parameters to use, and what cutoff points to apply, not to mention
the fact that these parameters have been determined quite ran-
domly [8—13].

In 2011, an international consensus definition of CC established
a classification of the syndrome based on WL, body mass index
(BMI), and/or low muscle mass [1]. The classification sets cutoffs
for Ca, but only provides for a qualitative classification of other cat-
egories, such as PCa and RCa. Capitalizing on the above work, in
the study presented herein, we analyze an extended database of
patients with incurable cancer to develop and validate a new stag-
ing system for CC based on optimal combinations and cutoffs of
factors associated with the syndrome.

Methods
Study population, study setting, and data collection

Study participants were enrolled in a prospective cohort at the palliative care
unit (PCU) of the National Cancer Institute in Brazil between July 2016 and March
2020. The focus of care in the PCU is symptom-oriented. The study population has
been described in more detail elsewhere [16,19,20]. The National Cancer Institute
Research Ethics Committee (registration number 1.407.458; 2016) approved the
research, and all participants provided written informed consent before participat-
ing in the study.

Consecutive eligible inpatients (hospitalized) and outpatients (ambulatory, not
including home care) were evaluated during their first visit to the PCU and fol-
lowed for mortality events after inclusion. The eligibility criteria were incurable
cancer (locoregional advanced or metastatic cancer proven by histologic, cytologic,
or radiologic evidence); not receiving any antineoplastic treatment with curative
intent; age >20 y; both sexes; and Karnofsky performance status (KPS) >30%. KPS
scores (ranging from 0 [death] to 100 [full function]) were assigned according to
patient-reported daily physical function [21]. The following data were collected
from the electronic records: primary cancer site, metastatic disease, antitumor
treatment, and date of death. A routine laboratory analysis was performed on the
day of enrollment at the PCU. A single intravenous blood sample was collected to
analyze serum albumin, C-reactive protein (CRP), and a complete blood cell count.

Of the 2190 patients who were enrolled in the original cohort, 1325 were
included in the present analysis after excluding patients with incomplete data on
the variables analyzed and those with a life expectancy of <1 mo (n = 865).
Patients were randomly divided into two groups, with 70% of patients (n = 882)
forming the development cohort and 30% (n = 443) the validation set. There were
no statistical differences between the present study sample and the original cohort
in terms of key characteristics (age, sex, primary cancer site, distant metastasis,
and most KPS distributions; all P > 0.050).

Anthropometry

Weight (in kg) and height (in m) were measured with patients wearing light
clothing and without shoes. Weight was obtained using a calibrated portable Wiso
digital scale (model 905; Brazil; 180 kg capacity). For patients unable to stand, an
in-bed scale system (Go Bed II; Stryker, Kalamazoo, MI) was used. Height was mea-
sured using a tape wall-mounted stadiometer. When the use of a stadiometer was
not possible, an anthropometer was used to measure knee height with the knee
and ankle joints flexed at 90°, and height was estimated using the Chumlea et al.
formulas [22]. Patient-reported weight history in the past 6 mo and percentage
WL were calculated as follows: ([current weight — previous weight]/previous
weight) x 100. BMI (kg/m?) was calculated using weight (kg) and height (m?).

Triceps skinfold thickness (in mm) was assessed at the midpoint of the domi-
nant arm between the shoulder (acromion) and elbow (olecranon) while the per-
son was bending their arm at 90°. Thickness was measured three times with a
skinfold caliper (Lange; Cambridge Scientific Industries, Watertown, MA). Arm cir-
cumference (in cm) was measured at the same point using a nonstretch measuring
tape. Mid-upper-arm muscle area (MUAMA; in cm?) was calculated from triceps
skinfold thickness and arm circumference using the equation proposed by Heyms-
field et al. [23]. Calf circumference (in cm) was determined by measuring the larg-
est perimeter (maximum measurement in the plane perpendicular to the
longitudinal line of the calf) with the patient sitting with the knees flexed to 90°
and feet 20 cm apart.

Nutritional risk

Nutritional risk was evaluated using the Portuguese-validated version of the
Patient-Generated Subjective Global Assessment short form (PG-SGA SF) (FD
Ottery, 2005, 2006, 2015; available from Ottery at pt-global.org). The PG-SGA SF
consists of a four-part questionnaire to obtain a patient-reported history of weight
change (score 0-5), food intake (score 0—4), nutrition impact symptoms (score
0-24), and performance status (score 0—3). The sum of the scores (0-36) gives the
total score, with higher scores indicating higher nutritional risk.

Fatigue and loss of appetite

Fatigue and loss of appetite were assessed using the Edmonton Symptom
Assessment System. This system is a validated patient-reported tool to measure
symptom severity, and is widely used in palliative cancer populations [24].
Patients self-report the intensity of their symptoms on a numerical scale from 0
(no symptoms) to 10 (worst possible symptoms). The cutoff value to identify mod-
erate-to-severe symptoms was set at >3 (0—3 vs. >4) [25].

Muscle strength

Muscle strength was assessed by handgrip strength (in kg) using a Jamar
hydraulic dynamometer (Baseline, Fabrication Enterprises, Inc., Elmsord, NY).
Patients were instructed to remain seated and self-adjust the dynamometer to fit
comfortably in their hand, elbows flexed to 90°, and forearms in a neutral position
to obtain their best performance contractions in response to a voice command.
Three trials were performed on each side of the hand with a 1-min rest interval
between the trials of each hand [26]. Maximum handgrip strength was defined as
the highest value of the six measurements performed with both upper limb sides.

Body composition measures based on computed tomography

The subgroup of patients in the development set who had computed tomogra-
phy (CT) scans available up to 30 d before recruitment were evaluated. Tissue was
analyzed on transverse cross-section CT images at the third lumbar vertebra level
using SliceOmatic, version 5.0 (TomoVision, Montreal, Canada), which enables the
differentiation of tissues using the following preestablished tissue-specific Houns-
field unit (HU) boundaries: —29 to +150 for the skeletal muscles (psoas, erector
spinae, quadratus lumborum, transversus abdominus, internal and external obli-
ques, rectus abdominus); —150 to —50 for visceral adipose tissue; and —190 to
—30 for subcutaneous and intermuscular adipose tissue [27]. A selected subsample
of 32 images was analyzed by a second investigator. The interobserver coefficient
variations of muscle mass and adipose tissue measurements were 0.56% and
0.12%, respectively.

Skeletal muscle index (SMI; in cm?/m?) was calculated using the skeletal mus-
cle cross-sectional area (in cm?) normalized for height squared (in m?). Similarly,
total adipose tissue (TAT) was calculated as the sum of intramuscular, visceral, and
subcutaneous adipose tissue, and normalized for height to calculate the TAT index.
Sarcopenia was defined as low SMI, and set at <34.6 cm?/m? for women and
<38.3 cm?/m? for men. Low TAT index was set at <58.5 cm?/m? for women and
<41.0 cm?/m? for men, and myosteatosis was defined as low skeletal muscle
radiodensity (SMD) and set at <26.3 HU for women and <28.4 HU for men, all of
them defined according to values below the first tertile of the studied sample.

Quality of life

QoL was assessed using the Brazilian Portuguese-language version of the Euro-
pean Organization for Research and Treatment of Cancer Quality of Life Question-
naire Core 15 Palliative [28]. This tool consists of 15 items, including two
multiitem functional scales (physical [items 1-3] and emotional [items 13 and
14]); two multiitem symptom scales (fatigue [items 7 and 11] and pain [items 5
and 12]); five single-item symptom scales (nausea/vomiting [item 9], dyspnea
[item 4], insomnia [item 6], appetite loss [item 8], and constipation [item 10]); and
one question referring to global QoL (item 15) [29]. In responding to the question-
naire, patients assess each question/item on a numerical scale with four answer
categories: 1 (not at all), 2 (a little), 3 (quite a bit), or 4 (very much), except for
global QoL (item 15), which is rated with seven answer categories from 1 (very
poor) to 7 (excellent).

Survival

Overall survival was calculated as the time interval between the date of
recruitment and the date of death from any cause or last follow up. In other words,
all included patients were followed prospectively until their date of death, and
patients who were alive after the follow-up period (180 d) were censored for the
survival analysis.
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New cancer cachexia staging system

The new CC staging system was developed in three parts. In the first part, we
made a preliminary preselection of the main factors associated with CC (¥WL,
BMI, muscle mass [by MUAMA]), laboratory markers (CRP and albumin), and signs
and symptoms (fatigue and loss of appetite) according to previously described
diagnostic criteria [9—12]. Next, we carried out the procedure for the construction
of a new CC staging system based on these variables, using the development set.
Finally, we assessed the validity of the new staging system by ascertaining the
relationship between the CC stages and outcomes in the validation set.

Statistical analysis

The analysis was performed using Stata 13.1 (Stata Corp., College Station, TX),
except for the cluster analysis, which was performed using SPSS Statistics 21.0 (IBM
SPSS, Inc., Chicago, IL). Normality of distribution for the quantitative variables was
tested using the Kolmogorov—Smirnov test. Normally distributed variables were
presented as mean =+ standard deviation, and those not distributed normally were
presented as median and interquartile range (IQR). Categorical data were demon-
strated as numbers of observations (n) and percentages (%). Student’s t test or the
Mann—Whitney U test (for continuous variables) and the 2 test (for categorical
variables) were used to compare differences between patient characteristics.

Part 1: Data set and cancer cachexia features

The database of the 1325 patients for whom complete data was available on all
main factors previously reported in association with CC (¥WL, BMI, muscle mass
[by MUAMAY]), laboratory markers (CRP and albumin), and signs and symptoms
(fatigue and loss of appetite) [9-12] was randomly divided into two groups:
Development (~70% of the sample) and validation (~30% of the sample) sets, using
arandom selection process (random list generated by STATA).

Part 2: Development of new cancer cachexia staging system

Hierarchical cluster analyses by Ward’s minimum-variance method were per-
formed to identify distinct groups of patients who had similar features according to the
preselected factors related to CC. For this analysis, squared Euclidian distance was used
as a quantitative indicator for the degree of similarity between cases, and data were
standardized by the Z-score. The appropriate number of cluster (subgroups) was
decided from a combination of visual inspection of the dendrogram and clinical inter-
pretation of groupings. From the cluster analysis, ordinal logistic regression using gen-
eralized linear models was performed to identify the explanatory variables associated
with the CC group clusters (dependent variable).

Receiver operating characteristic curves were plotted to determine the opti-
mal cutoff points for these significant explanatory variables to discriminate
between the CC groups (clusters). The CC staging system was obtained from the
estimated coefficient probability (>70%) of each of the 27 possible combinations
of independent variables and cutoffs for the respective CC groups (clusters) given
by the adjusted ordinal logistic regression model (Suppl. Table 2). After classifying
the combinations within the CC groups, the 27 possibilities were collapsed to sim-
plify the new CC system (Fig. 1).

Part 3: Validity of new cancer cachexia staging system

Patients in the validation set were classified using the new proposed CC classi-
fication system, and the relationships between the CC stages and the clinical,
inflammatory, and body composition factors, including QoL and OS, were deter-
mined. Comparisons between the CC groups were tested for normal distribution

by analysis of variance, followed by the Bonferroni post hoc test, and nonnormally
distributed variables were tested by the Kruskal-Wallis test. The chi-square test
or Fisher’s exact test were used for pairwise comparisons of the frequencies of
patients' responses of QoL questions/items from the questionnaire Cancer Quality
of Life Questionnaire Core 15 Palliative, and compare body composition compart-
ments (SMI, TAT index, and SMD) between the groups.

The survival analysis included the Kaplan—Meier method (comparisons with
log-rank tests) and Cox proportional hazards model (estimated hazard ratio [HR]
and 95% confidence interval [CI]) adjusted for confounding factors (age, primary
tumor site, and inpatient or outpatient). Statistical significance was set at P < 0.050.

Results

A total of 1325 patients were included in the study. There were
no statistical differences between any of the patient characteristics
in the development (n = 882) and validation (n = 443) data sets
(Table 1). According to the cluster analysis of the development set,
discrimination of the three distinct groups of patients in relation to
the features of CC was possible, and were classified as 1 (better), 2
(moderate), and 3 (worse; Suppl. Fig. 1). BMI, ¥WL in the past 6
mo, and MUAMA (all P < 0.001) were significantly associated with
the groups identified in the cluster analysis (Table 2).

Table 3 provides the accuracy of the cutoff points for the three
factors used to establish the new CC system. MUAMA (area under
the receiver operating characteristic curve [AUC]: 0.97; 95% CI,
0.95-0.99), and BMI (AUC: 0.95; 95% CI, 0.93-0.97) showed excel-
lent discrimination for the better group (cluster 1), and WL in
past 6 mo was very accurate in discriminating the worse group
(cluster 3), with an AUC of 0.95 (95% CI, 0.94-0.96).

Based on the new CC staging system (Fig. 1), patients in the valida-
tion group were classified into PCa (n = 48; 10.8%), Ca (n = 256; 57.8%),
and RCa (n = 139; 31.4%) according to the cutoff points and a combina-
tion of WL in the past 6 mo (<15 or >15), BMI (<21.0, 21.0-26.4,
>26.4 kg/m?), and muscle mass by MUAMA (>38.0/>35.5 for men;
<38.0/<35.5 cm? for women). In the comparison between the CC stage
groups, RCa presented significantly worse values for most features
studied (clinical, inflammatory, and nutritional) than the other two
groups. In addition, 293 patients (n = 176 female, n = 117 male) in the
validation set had CT scans from <30 d before enrollment. Sarcopenia
(low SMI), low TAT index, and myosteatosis (low SMD) identified
according to the sex-specific cutoff points were significantly more
prevalent in RCa and Ca than in PCa (all P < 0.050; Table 4).

As shown in Figure 2, the increasing severity of CC was signifi-
cantly related with a poorer QoL. Patients staged as RCa presented
a lower percentage to answer a question/item about overall QoL
(as assessed by item 15) as excellent (representing a better overall

BMI >26.4 BMI 21.0-26.4
MUAMA MUAMA
BMI<21.0
>38.0 (&) <38.0 (&) >38.0 (&) <38.0 (&)
>35.5(9) <355(9) | 2355(9) | <355(9)
%WL <15.0 PCa Ca Ca Ca
%WL >15.0 Ca Ca

Fig. 1. A new cancer cachexia staging system. WL, percentage weight loss; MUAMA, mid upper-arm muscle area (cm? ); BMI, body mass index (kg/m?); PCa: pre-cachexia;

Ca: cachexia; RCa: refractory cachexia; ¢, female; 3, male.



4 E.V.M. Wiegert et al. / Nutrition 90 (2021) 111271
Table 1
Demographic and clinical characteristics of patients in the development and validation sets (N = 1325)
Variables Development set n = 832 Validation set n = 443 P-value
n n
Age (y)* 882 62.4 (13.5) 443 61.7 (13.3) 0.124
Age (y)!
<65 488 (55.3%) 274 (61.8%) 0.092
>65 394 (44.7%) 169 (38.2%)
Sex'! 882 443
Male 404 (45.8%) 180 (40.5%) 0.074
Female 478 (54.2%) 263 (59.5%)
Primary tumor site' 882 443
Digestive system 260 (29.4%) 159 (35.9%) 0.074
Gynecological 132 (15.0%) 91 (20.5%)
Head and neck 166 (18.8%) 32(7.2%)
Breast 84(9.5%) 46 (10.4%)
Lung 84(9.55%) 46 (10.4%)
Others' 156 (17.7%) 69 (15.5%)
Cancer stage' 882 443
Locoregional advanced 255 (28.9%) 90 (20.3%) 0.083
Distant metastasis 627 (71.1%) 353(79.7%)
Current health care setting' 882 443
Inpatient 155 (17.6%) 94 (21.2%) 0.109
Outpatient 727 (82.4%) 349 (78.8%)
Karnofsky performance status (%) 882 443
30 82 (9.3%) 49 (11.1%) 0.653
40 200 (22.7%) 104 (23.5%)
50 273 (30.9%) 126 (28.4%)
60 169 (19.1%) 86 (19.4%)
>70 158 (18.0%) 78 (17.6%)
Body mass index (kg/m?)* 882 22.8(5.3) 443 22.8(5.6) 0.940
Weight loss in 6 mo (%)’ 882 9.7 (3.0-18.4) 443 9.4(2.4-18.9) 0.865
Mid-upper-arm muscle area (cm?)*
Female 478 282(11.8) 263 27.8(122) 0.658
Male 404 29 2(11.6) 180 28 8(9.7) 0.714
C-reactive protein (mg/L)’ 874 .0(1.4-10.1) 442 .4 (2.0-10.9) 0.125
Albumin (g/dL)" 878 5 (2.9-4.0) 442 4(2.8-3.9) 0.093
Fatigue' 882 4(0 6) 443 3 (0-6) 0.137
Loss of appetite® 882 2(0-8) 443 0(0-6) 0.098
Survival (d)’ 882 63 (22-150) 443 56 (23-113) 0.100

n is the number of observations, and % the frequency.

*Mean =+ standard deviation; Student’ t test.

n; %, X test.

*Central nervous system, kidney and urinary tract, male genital organs, peritoneum, mediastinum, and unrecognized site.

YMedian; interquartile range - Mann—Whitney U test.

QolL) and highest percentage to answer very poor than the PCa
patients. The differences were statistically significant for questions
about physical functioning (items 1-3), dyspnea (item 4), insom-
nia (item 6), fatigue (item 7), pain (item 12), nausea/vomiting
(item 9), and appetite loss (item 8), reflecting a higher prevalence
of patient responses related to the burden of symptoms in the RCa
group.

The median OS for the patients was 75 d (IQR, 31-176 d). Dif-
ferences in OS were statistically significant according to CC stages

Table 2
Ordinal logistic regression of factors associated with cancer cachexia groups created
according to cluster analysis in the development set (N = 882)

Variables {3 coefficient ~ Standard error  P-value
Body mass index (kg/m?) —0.428 0.045 < 0.001
Mid-upper-arm muscle area (cm?) —0.197 0.018 < 0.001
Weight loss in 6 mo (%) 0.419 0.026 < 0.001
Albumin (g/dL) 0.389 0.559 0.13
C-reactive protein (mg/L) 0.023 0.020 0.24
Fatigue (score)” 0.017 0.039 0.66
Loss of appetite (score)* 0.011 0.034 0.75

n is the number of observations.
*According to Edmonton Symptom Assessment System (score 0—10).

(PCa: 123 d [IQR, 65—-180 d]; Ca: 89 d [IQR, 38—180 d]; RCa: 46 d
[23-100 d]; Fig. 3). In addition, there was a significantly higher
risk of death within 180 d in the RCa (HR: 2.90; 95% CI, 1.10—4.01)
and Ca (HR: 1.64; 95% CI, 1.15—2.32) groups than in the PCa group,
indicating that the proposed new CC staging system predicts 180-d
mortality (Table 5).

Discussion

This study aimed to determine CC phenotypes from the exten-
sive, robust statistical analysis of data from a homogeneous popu-
lation diagnosed with incurable cancer receiving care at a PCU.
Three distinct groups of CC were distinguished from the factors
most commonly described in previous studies to define CC syn-
drome [9-12]. All analyses were performed with patients ran-
domly grouped into development and validation cohorts, enabling
us to validate our results with a separate set of data. Our results
demonstrate that the proposed CC system clearly distinguishes
patients by patient-centered outcomes, including body composi-
tion, QoL, and prognosis. This is the first study to determine a feasi-
ble, nonarbitrary number of CC stages and key factors that can
easily detect CC, representing an advance in efforts to improve CC
classification in clinical practice.
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Table 3

Cutoff points and accuracy measurements of independent factors associated with cachexia groups created according to cluster analysis in the development set (N = 882)
Variables Cluster Cutoff Sensitivity (%) Specificity (%) AUC 95% CI P-value
MUAMA (cm?) 1 (better) >38.0 3 92.3 90.0 0.97 0.95-0.99 <0.001
>35.5¢ 88.9 86.7 0.94 0.92-0.96 < 0.001
3 (worse) <2653 72.7 65.6 0.77 0.72-0.82 < 0.001
<24.0¢ 71.0 69.3 0.77 0.73-0.81 <0.001
WL in 6 mo (%) 1 (better) <6.5 71.0 96.0 0.77 0.73-0.81 < 0.001
3 (worse) >15.0 91.8 87.4 0.95 0.94-0.96 < 0.001
BMI 1 (better) >26.4 89.5 88.5 0.95 0.93-0.97 < 0.001
(kg/m?) 3 (worse) <21.0 76.3 73.6 0.81 0.78-0.84 < 0.001

9, female; 3, male; AUC, area under the receiver operator characteristic curve; BMI, body mass index; CI, confidence interval; MUAMA, mid-upper-arm muscle area; WL,

weight loss.
n is the number of observations.

In the proposed CC classification, PCa is the first in a three-stage
system based on a trajectory format, with the latter two being Ca
and RCa. In fact, not every patient with incurable cancer develops
later stages of CC [5], but they often experience some degree of
involuntary WL and/or loss of appetite or/and impaired function,
which is why these patients would be at least at the PCa stage. In
the present study population, the prevalence of Ca was 57.8%, and,
as expected, the outcomes for the RCa group were significantly
worse, and patients in the early stages experienced better results,
which is consistent with the findings of previous studies
[10,12,16].

According to international consensus [1], the clinical diagnostic
criteria for CC include $WL >5 or $WL >2 and BMI <20 kg/m? or
low muscle mass. Like our staging system, the same consensus also
recommends classifying the severity of CC into PCa, Ca, and RCa.
However, unlike our system, this diagnostic framework does not
set specific objective parameters and cutoff points to define PCa
and RCa. Since the publication of the international consensus, other
proposals for the classification of patients into CC stages have been
described, including WL, BMI, sarcopenia, anorexia, decreased
functionality, and abnormal laboratory parameters (e.g., high CRP,
anemia, or low albumin) [8—13]. However, these criteria of CC

Table 4
Variables of validation group patients classified by new cancer cachexia system into three cachexia stages

Variables n Overall PCa Ca Rca
n=48(10.8%) n =256 (57.8%) n=139(31.4%)

KPS (%) (median; IQR) 443 50 (40-60) 60 (50—70) 50 (40—60)* 50 (40—60)*

BMI (kg/m?) (mean; £SD) 443 22.8(5.6) 32.1(44) 22.8(4.8)" 19.6 (3.3)"

MUAMA (cm?) (mean; +SD) 443

Male 180 28.8(9.7) 492 (7.6) 29.5 (8.4)" 24.1 (6.3)"

Female 263 27.8(122) 48.0(9.7) 26.6(9.5)" 20.6(6.6) *

Calf circumference (cm) (mean; £SD) 358

Male 153 32.4(3.9) 38.7(3.1) 32.5(3.6)" 31.1(3.2)"

Female 205 34 3(2.8) 53.2(7.4) 32.4(6.7)" 29.1 (3.8)"

WL in 6 mo (%) (median; IQR) 443 4(2.5-18.9) 3.3(0.5-6.5) 5.8 (0-10.1)* 23.6(18.4-29.7) "

PG-SGA SF (score) (mean; +SD) 443 148(6 7) 12,6 (6.1) 14.1 (6.6) 169(6 6)*

Albumin (g/dL) (median; IQR) 442 4(2.8-3.9) 3.8(3.1-43) 34(2.9-3.9) 1(2.6-3.6)"

C-reactive protein (mg/L) (median; IQR) 442 5(2.0-10.9) 2.5(0.8-5.0) 5.6(2.0-104)" 8(3.0-13.7)"

White blood cells, 103/L (median; IQR) 440 9, 200 (7100—13,000) 7750 (6300—11,100) 9100 (7100—12,400) 10, 600 (7700-15,010)"

Hemoglobin (g/dL) (mean; +SD) 440 .8(2.2) 10.5(2.2) 99(2.1) 12 (2.2)"!

Fatigue' (median; IQR) 443 3(0-6) 3(0-5) 3(0-6) 4(0-7)

Loss of appetite’ (median; IQR) 443 0(0-6) 0(0-6) 0(0-7) 1(0-7)

HGS (kg) (mean; +SD) 443

Male 180 27.0(9.6) 33.5(12.7) 26.6(9.2)" 22.6(7.9)"

Female 263 16.4 (6.8) 19.4(7.3) 16.4 (6.5)" 13.3 (5.9)"

Body composition’ 293

Low TAT index (n; %)"

Male 117 39(33.3) 4(102) 12(38.8 23 (59)"

Female 175 58(33.1) 6(10.3 23(39.7)* 29 (50"

Sarcopenia (n; %)*

Male 117 39(33.3) 5(12.8) 13(33.4 21(53.8)"

Female 175 58(33.1) 6(10.4) 22 (37.9)* 30(51.7)"

Myosteatosis (n; %)*

Male 117 38(32.5) 6(12.8) 13 (33.4)° 19(53.8)"

Female 175 58(33.1) 8(13.8) 20(34.5)* 30(51.7)"

BM], body mass index; Ca, cachexia; HGS, handgrip strength; IQR, interquartile range; KPS: Karnofsky performance status; MUAMA, mid-upper-arm muscle area; PCa, preca-
chexia; PG-SGA SF, Patient-generated Subjective Global Assessment short form; RCa, refractory cachexia; SD, standard deviation; TAT, total adipose tissue; WL, weight loss
n is the number of observations, and % the frequency. Median; IQR — Kruskal—Wallis test. Mean; +SD — analysis of variance. n; % — x? or Fisher's exact test.

*Statistically different from PCa.

fStatistically different from Ca.

fAccording to Edmonton symptom assessment system (score 0—10).
$According to computed tomography.

"Low TAT index = below 1% tertile (<58.5 cm?/m? for women and <41.0 cm?/m? for men).

YSarcopenia defined according to low skeletal muscle index defined as <34.6 cm?/m? for women and <38.3 cm?/m? for men.

#*Myosteatosis defined according to low skeletal muscle radiodensity (<26.3 Hounsfield unit for women and <28.4 Hounsfield unit for men).
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Fig. 2. Baseline responses to the EORTC QLQ C-15-PAL questions 1 to 15 are presented according to percentage of patients’ responses to the items/questions. Patients rated
each question/item on a numerical scale from 1 (not at all) to 4 (very much) for 1 to 14 and overall QoL was rated from 1 (very poor) to 7 (excellent). QLQ-C15-PAL questions:
(1) Do you have any trouble taking a short walk outside the house? (2) Do you need to stay in bed or a chair during the day? (3) Do you need help with eating, dressing, wash-
ing yourself, or using the toilet? During the past week: (4) Were you short of breath? (5) Have you had pain? (6) Have you had trouble sleeping? (7) Have you felt weak? (8)
Have you lacked appetite? (9) Have you felt nauseated? (10) Have you been constipated? (11) Were you tired? (12) Did pain interfere with your daily activities? (13) Did you
feel tense? (14) Did you feel depressed? (15) How would you rate your overall quality of life during the past week? Pf (items 1-3), Ef (items 13,14), Fa (items 7,11), Pa (items
5,12), Nv (item 9), Dy (item 4), In (item 6), Ap (item 8), Co (item 10), and overall QoL (item 15). PCa, precachexia; Ca, cachexia; RCa, refractory cachexia; EORTC QLQ C-15-PAL,
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 15 Palliative; QoL, quality of life; Pf, physical functioning; Ef, emotional func-
tioning; Fa, fatigue; Pa, pain; Nv, nausea/vomiting; Dy, dyspnea; In, Insomnia; Ap, appetite loss; Co, constipation. P value < 0.05, chi-squared test. *Statistically different from

PCa. 'Statistically different from Ca. *Statistically different from RCa.

have been established on somewhat arbitrary terms that were not
derived from the population studied or have not yet been vali-
dated.

In this study, a reliable tool was developed based on the evalua-
tion of inexpensive parameters that are easy to measure in routine
clinical practice. The main parameters representing the most impor-
tant features that might indicate the severity of CC were found to be
%WL in the past 6 mo, BMI, and low muscle mass by MUAMA. His-
torically, WL has been the exclusive criterion to classify CC, but with
WL alone, distinguishing the effect of CC on body composition com-
partments is not possible [2,30]. Another point that is still a subject
of debate related to WL are the cutoff points [2,11]. Most patients
with advanced metastatic cancer have severe WL (>10% of preill-
ness weight), but neither WL not anorexia alone was found to be
capable of defining CC [3]. Fearon et al. [3] described a three-factor
profile that included WL, low food intake, and systemic
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Fig. 3. Kaplan-Meier survival curves and Log-rank test according to cancer cachexia
stages in validation group (N = 443). PCa, precachexia; Ca, cachectic; RCa, refractory
cachectic; IQR, interquartile range. *Statistically different from PCa. 'Statistically dif-
ferent from Ca. *Statistically different from RCa.
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inflammation, which identified patients with both adverse function
and prognosis. The comparison based on WL alone failed to show
significant differences in terms of function of OS.

Low BMI is a traditional phenotypic criterion for malnutrition
diagnosis [1,10,31]. However, the BMI levels used to define clini-
cally underweight and cachexia (<18.5, <20, or <21 kg/m?) are
inconsistent [1,18,31,32]. Likewise, some publications [1,18,31]
use a single cutoff point to classify subgroups of patients with dif-
ferent degrees of risk. Martin et al. [11] found that BMI adjusted by
%WL was associated with the survival of patients with advanced
cancer, independently of conventional prognostic factors, includ-
ing cancer site, stage, and performance status. The researchers
argue that the association between BMI and %WL is important
because of its representation of the spectrum of these features in
contemporary patients with cancer, because overweight/obesity is
now prevalent worldwide and the upward shift in body weight
makes the definitions of clinically significant ¥WL increasingly
unclear in the cancer context.

Our study is in line with these arguments, because even in
patients with incurable cancer, our optimal cutoff points for BMI
are considered normal or overweight according to current recom-
mendations for healthy people [32]. Here, we note that the risk of
reaching a worse stage of CC in association with any degree of WL
is lower for individuals with a higher BMI (i.e., the highest energy
reserves) than for individuals with a lower initial BMI. Further-
more, we should not overlook the complex and multifactorial etiol-
ogies underlying the cachexia phenotype, irrespective of the body
morphology being lean, normal, or obese.

For this reason, body composition can be seen as an important
component of cancer, particularly skeletal muscle loss, which is
observed as part of the conceptual definition of CC [1,30]. Although
routine assessments of muscle mass are encouraged, there is no
clear consensus on methodology. Consensual definitions for CC
provide different options to measure muscle mass. The order of
preference is cross-sectional imaging (CT or magnetic resonance
imaging), dual energy x-ray imaging, anthropometric measure-
ments (MUAMA), and bioimpedance analysis (BIA) [1]. CT,
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Table 5
Cox proportional regression by new cancer cachexia staging system in validation group (N = 443)
Variables Univariate Multivariate®
HR (95% CI) P-value HR® (95% CI) P-value
Cachexia stages
PCa 1.00 1.00
Ca 0.88 (0.72—1.08) 0.227 1.35(1.12-1.99) 0.002
RCa 1.62(1.31-2.01) < 0.001 1.84(1.21-2.79) 0.004
Age (y, continuous) 1.02 (1.01-1.06) 0.007 1.02(1.01-1.06) 0.008
KPS (%, continuous) 0.97 (0.96-0.98) < 0.001 0.98 (0.97-0.99) <0.001
Primary tumor site
Digestive system 1.62(1.32-1.87) 0.023 1.34(1.12-1.69) 0.007
Others 1.00 1.00
Current health care setting
Outpatient 1.00 1.00
Inpatient 2.04 (1.61-2.59) < 0.001 1.43(1.09-1.88) 0.009

Ca, cachexia; CI, confidence interval; HR, hazard ratio; KPS, Karnofsky performance status; PCa, precachexia; RCa, refractory cachexia.
n is the number of observations.
*Adjusted by age, type of tumor, and current health care setting (inpatient vs. outpatient).

magnetic resonance imaging, and dual energy x-ray imaging are
recommended but difficult to include in routine clinical practice.
Blauwhoff-Buskermolen et al. [33] found that the prevalence of
low muscle mass depended on the type of muscle measurement
used (13% with MUAMA; 59% with CT; and 93% with BIA). How-
ever, these differences may have little influence on the diagnosis of
CC. Additionally, the authors found that patients with CC whose
muscle mass was measured by MUAMA had worse OS (HR: 2.00)
than those whose mass was measured by CT (HR: 1.64) or BIA (HR:
1.50) [33].

Our study shows that low muscle mass modulates the degree of
WL/BM]I, as well as evaluates MUAMA cutoff values for low muscle
mass, providing results specific for patients with incurable cancer
that differ from the consensus position on CC in the literature [1].
Moreover, attention should be paid to the accuracy and practical
availability of measurements. For example, MUAMA is easier to
use in clinical practice, but can be less accurate due to interrater
variability, something that could be minimized by training [34].
Nonetheless, our results demonstrate in a subsample of patients
that the prevalence of sarcopenia (low SMI), myosteatosis (low
SMD), and low TAT index differed in the three cachexia phenotypes
and was significantly higher in later CC stages, emphasizing the
validity of our system.

In this study, CRP and albumin were not found to serve as inde-
pendent factors to identify CC groups. Nevertheless, when compar-
ing RCa and Ca versus NCa patients, significantly higher levels of
CRP and lower levels of albumin were found. Although a number
of other studies [35,36] have found a relationship between inflam-
matory markers and CC in patients with cancer and although our
study also found that patients in late CC stages had worse levels of
inflammatory markers (e.g., CRP and albumin), these markers were
not useful to discriminate all stages of CC severity. This corrobo-
rates the findings of the European Palliative Care Research Collabo-
rative study, where CRP levels were not a significant item for the
classification into any of the three CC groups in patients with palli-
ative cancer [10]

Our results demonstrate that the OS of patients was progres-
sively worse in each respective stage (as measured by the new CC
staging method), as was their risk of mortality. Using a four-stage
system, Vigano et al. [13] found no statistical discrimination
between the PCa and Ca stage for almost all outcomes analyzed,
including OS. Blum et al. [10] found a difference in OS only
between the NCa and PCa stages according to the survival curves.
In addition, no previous study has demonstrated the prognostic
significance of risk of death (HR) by their respective methods.

Over the last decade, there has been increasing interest in identify-
ing criteria to define CC. The validity and usefulness of existing CC
instruments in patients with cancer is unknown, and the recogni-
tion and nutritional management of CC remains unsatisfactory
[16,19]. This study provides a plausible new system to stage CC
that could be adopted in any clinical setting with the means to
determine the parameters it assesses. the system builds on the
existing consensus definition [1] to establish cutoff parameters
(WL, muscle mass, and BMI) capable of improving the assessment
of CC. As suggested in the consensus publication, our work pro-
poses a series of next steps through the exploration of a robust
data set, resulting in a clearly defined statistical approach for the
development of diagnostic criteria.

Our findings can contribute to guide health care professionals
on which criteria to use in a real-life routine in clinical settings to
define CC until current diagnostic criteria are improved. The initial
phase of CC (PCa) is of particular interest, because its identification
could enable the introduction of early nutritional strategies, which
could themselves improve clinical outcomes, leaving late-stage
(RCa) interventions to focus on symptom control and improvement
of QoL [1,14]. In this context, measures should be adequate with
the nutritional needs of each patient as part of an individualized
and tailored nutritional care plan with the aim of reducing nutri-
tional status impairment and enhancing overall QoL [6].

This study has some limitations. Patient evaluations were con-
ducted at only one cancer center, and no longitudinal information
was analyzed except for OS. As is common in many studies in pallia-
tive care, the number of missing data was quite high, but there were
no statistical differences between the present study sample and the
original cohort in terms of main key patient characteristics. Despite
this, distinct CC phenotypes were observed in this homogeneous
population of patients with cancer at an equivalent stage of disease.
Although traditional cluster analysis techniques were used, the
robustness and stability of the clusters within the data have not
been demonstrated, and consequently may be sensitive to bias. In
addition, there is no external validation data set that can show how
the results of the clustering could be explained as consistent across
different data. Finally, the next steps will be the validation of this CC
staging system in other cancer populations in multicenter studies.

Conclusions
Our study presents the use of simple criteria for the classification

of CC into three stages based on easily applicable measurements
available in routine clinical practice, separating patients with
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incurable cancer into distinct CC groups. The new system is valid and
successfully discriminates between different CC stages for patient-
centered outcomes, including QoL and OS. Future research should val-
idate this staging system in other advanced cancer populations.

Supplementary materials

Supplementary material associated with this article can be
found in the online version at doi:10.1016/j.nut.2021.111271.
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