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Background & aims: It is a challenge in clinical practice to identify and classify cancer cachexia. Currently,
it has been extensively discussed if the presence of alterations in inflammatory biomarkers implies the
presence of cachexia. This study aimed to evaluate the clinical relevance of cachexia classification
through modified Glasgow Prognostic Score (mGPS) in advanced cancer patients in palliative care.
Methods: Observational prospective cohort study conducted at a Palliative Care Unit in Brazil. Cachexia
classification was performed according to mGPS (based on albumin and C-reactive protein) in four
different stages: no cachexia (NCa), undernourished (Un), pre cachexia (PCa), and refractory cachexia
(RCa). Logistic regression models were used to test the association between cachexia stages and clinical,
nutritional and functional domains. KaplaneMeier curve and Cox multivariate model were used to
analyze overall survival (OS).
Results: A total of 1166 patients were included in the study. According to the cachexia framework 37.5%
were NCa, 32.3% Un, 3.9% PCa and 26.4% RCa. Significant differences were observed among cachexia
stages for most of the outcome measures. This classification was able to predict mortality in 90 days [Un
(HR, 1.55; 95% CI, 1.25; 1.93); PCa (HR, 2.00; 95% CI, 1.34; 2.98); RCa (HR, 2.45; 95% CI, 1.34; 2.98)].
Conclusion: Cachexia stages were associated with significant differences in poor clinical outcomes and
were also capable of predicting OS. This framework based on simple and objective criteria can be used as
part of the routine to characterize the presence and stages of cachexia in advanced cancer patients.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Cancer cachexia is a multifactorial syndrome driven by a complex
combination that includes decreased food intake and impaired meta-
bolism with modified catabolism and inflammation [1]. Advanced
oncological disease exhibits an increased incidenceof this disorder and
their relatedclinicaloutcomes includingweight loss (WL), alteredbody
composition, decreased food intake, poor functional status, limited
quality of life and reduced overall survival (OS) [2,3].

Due to its complex physiopathology, the challenge to di-
agnose and classify cancer cachexia in clinical practice still re-
mains. Additionally, its prevalence is notably divergent according
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to the diagnostic criteria adopted [2,4,5]. Commonly routine
standardized methods for cachexia diagnosis has centered on
their consequences (e.g., WL, skeletal muscle depletion) and not
on their causes [6].

The systemic inflammatory response has an important role as a
key driver of energy imbalance andmusclewasting cancer cachexia
[7]. Production of pro-inflammatory cytokines triggers a systemic
inflammation and causes an acute phase response with increased
C-reactive protein (CRP) and decreased albumin levels [8].

The most widely accepted index to characterize systemic
inflammation is the modified Glasgow Prognostic score (mGPS) [9].
This score, that combines two simple clinical available biomarkers
(CRP and albumin), has already been employed in a large number of
different oncological patients and has also, previously, been shown
to be associatedwith the prognosis in advanced cancer disease [10].

In 2014, Douglas and McMillan [10] published a review pro-
posing the use of mGPS as an objective framework for the identi-
fication of cancer cachexia. However, its use specifically for the
ism. All rights reserved.
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diagnosis of this condition in advanced disease has not yet been
elucidated. Hence, our aim in this study was to evaluate if an
objective framework for classification of cancer cachexia can pre-
dict cachexia domains and OS in a cohort of cancer patients in
palliative care.
2. Subjects and methods

This study presents results from a prospective cohort conducted
in the Palliative Care Unit (PCU) at the National Cancer Institute Jos�e
Alencar Gomes da Silva (INCA) in Brazil. The Ethical Committee of
INCA (Protocol 1.407.458 of 2016) approved the study, and all the
patients signed the consent form. The outpatients were evaluated
at their first attendance care and inpatients within the first 48 h of
the first hospitalization by trained researchers from June 2016 until
May 2018. Age, sex, comorbidities, tumor type, metastasis, type of
therapy, medical history and the date of death were collected from
the patient medical records.

Eligible criteria were: age�20 years old, Karnofsky Performance
Status (KPS) �30%, and ability to answer the necessary information
and/or accompanied by someone capable of it.
2.1. Cachexia assessment

Cachexia was assessed using the mGPS framework in four
different stages: no cachexia (NCa), undernourished (Un), pre
cachexia (PCa) and refractory cachexia (RCa) according to Frame
1 [10].
2.2. Covariates

Weight was measured using a calibrated portable scale (Wiso
Digital®) with an accuracy of 0.1 kg. For those patients who were
unable to stand, it was used an in-bed scale system - Stryker®,
model Go Bed II (Strayker Medical, USA). Height was measured
using a tape stadiometer on thewall, however, when not possible, it
had to be estimated through the Chumlea et al. [11] formulas. Body
mass index (BMI) was calculated using weight (in kilograms) and
height (in meters) and expressed in kg/m2. Low BMI was diagnosed
with a value < 20 kg/m2 [4].

The skinfold thickness of triceps (TSF) was measured using a
skinfold caliper Lange® (Cambridge Scientific Industries, USA). We
also assessed arm circumference (AC) and mid-arm circumference
(MAC) at the same point of TSF. Muscle mass was determined by
anthropometry of mid upper-arm muscle area (MUAMA), calcu-
lated with the equation proposed by Heymsfield et al. [12]. Low
muscle mass was characterized when MUAMA <32 cm2 for male
and <18 cm2 for female [4].

Muscle strength was assessed through handgrip strength (HGS)
using Jamar® hydraulic hand dynamometer (Baseline, Fabrication
Enterprises, Inc, Elmsord, USA). Low muscle strength was defined
when HGS <27 kg for male and <16 kg for female [13].
Frame 1
Cachexia framework.

mGPS Biomarkers Cachexia stage

Albumin (g/dL) CRP (mg/L)

0 �3.5 <10 No cachexia
0 <3.5 <10 Undernourished
1 �3.5 �10 Pre cachexia
2 <3.5 �10 Refractory cachexia

Note: mGPS ¼ modified Glasgow Prognostic Score; CRP¼ C e reactive protein.
All patients completed the validated Portuguese version of Pa-
tient-Generated Subjective Global Assessment Short Form (PG-SGA
SF) (©FD Ottery, 2005, 2006, 2015), available by Ottery in Pt.Globa-
l.org, after permission for this use [14]. This tool consists of fourboxes:
Box 1 focuses onweight history (maximum score of 5), box 2 on food
intake (maximum score of 4), box 3 on nutritional impact symptoms
(maximum score of 24) and box 4 on functional status (maximum
score of 3). The higher the score, the greater the nutritional risk.

Fatigue was evaluated using the Edmonton Symptom Assess-
ment System, ranging from 0 (no symptoms) to 10 (worst possible
symptoms) [15]. To define presence of fatigue, a value > 3 was used
as cut-off point.

Laboratory profile included serum levels of albumin, CRP, complete
bloodcell count for leucocytes,neutrophils, lymphocytes, andplatelets.
The serum values were used to determine the neutrophil/lymphocyte
and platelets/lymphocyte ratios (NLR and PLR, respectively). High NLR
and PLR were defined as�5 and� 300 respectively [16].

Cachexia syndrome classification according to the interna-
tional consensus was also used to evaluate their association with
the cachexia framework proposed. This classification system
consists in the fulfillment of one of the three following criteria:
WL >5% during the past 6 months; or BMI <20 kg/m2 and
ongoing WL >2%; or sarcopenia (reduced muscle mass) and
ongoing WL >2% [4].

OS was assessed by using as baseline the date of inclusion in the
study and the date of death or end of follow-up (May 2018) as the
end of the study. For survival analysis, patients were dichotomized
into survival �90 or >90 days.

2.3. Statistical analysis

Statistical analysis was processed using the Stata Data Analysis
and Statistical Software 12.0. KolmogoroveSmirnov test was per-
formed to assess distribution of variables. Descriptive statistics are
presented in percentages for the categorical variables and as mean
with standard deviation (SD) or median with interquartile range
(IQR) for the continuous variables. Differences between groups for
continuous variables were tested by ANOVA followed by the Bon-
ferroni post-hoc test.

The relationship between the variables and cachexia stages was
explored by the performance of several logistic multiples re-
gressions (one for each selected variable). The controls were: age
�60 years, female gender, type of tumor, KPS 30 or 40% and current
medical situation e inpatient versus outpatient.

As cachexiawas categorized into four groups, 4 dummy variables
(D1, D2, D3 and D4) were inserted into each of our regression
equations. No cachexia group, represented by D1, were used as
reference category. In each of the models, the odds ratio (OR)
associated with D2, D3 and D4 were tested. If the estimator was
determined to be “significant” according to its 95% confidence in-
terval (CI), we interpreted that D2, D3 and/or D4 contributed to the
explanatory power of the model and the nutritional status ratings
for cachexia were independently related to the dependent variable
to be compared.

Additionally, the Cox proportional hazard model was used to
verify hazard ratios (HRs) of the cachexia stages that were able to
predict OS. KaplaneMeier curves were used to evaluate survival
probability and the log-rank test to compare difference between
the cachexia groups. A p value < 0.05 was considered statistically
significant.

3. Results

A total of 1166 patients were included in this study. Patient
characteristics are shown in Table 1. The mean age of the patients
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was of 62 and the majority of them (57.1%) were female. Tumors of
the gastrointestinal tract were the most prevalent among the pa-
tients and 80.4% of the sample presented metastatic disease.

According to cachexia classification, the majority of patients
(37.3%) were NCa, followed by Un (32.3%) and RCa (26.4%). Only
3.9% were included in the PCa stage. A significant statistical dif-
ference was observed for all analyzed covariables according to
cachexia groups, except to weight history score from PG-SGA SF
(Box 1). Patients from the RCa group presented a more significant
WL and nutritional impact symptoms, a higher PG-SGA SF score,
and lower HGS when compared to other cachexia stages (Table 2).

As expected, it was observed a significant difference in the
percentage ofWL in all groups, both in the period of 1 month as in 6
months (NCa < Un < PCa < RCa) and the WL was significantly
stronger in RCa patients (Fig. 1).

According to logistic regressions, the Un and RCa stages were
able to identify significantly most of the differences related to the
studied characteristics and the RCa group presented significant
associations with all poor domains (p < 0.01), except for low
MUAMA. The RCa patients have a greater risk of presenting the
lowest BMI, highest WL, nutritional risk, more self-related symp-
toms, a poorer HGS, and the greatest biochemical disorders
(Table 3).

Cachexia stages survival curves are described in Fig. 2. The
median OS for all patients was of 39 days. There was a significant
difference in OS between cachexia groups (77 versus 37 versus 31
versus 17 days, respectively; long-rank p < 0.001), except when
compared Un and PCa group (long-rank p 0.345; data not show).
When compared to NCa, the risk of death at 90 days was 1.5 times
Table 1
Characteristics of the advanced cancer patients treated at a
Palliative Care Unit in the city of Rio de Janeiro, Brazil (n ¼ 1166).

Variables n (%)

Age (years)a 62 (±13.4)
Gender
Female 666 (57.1)

Tumor Type
GI Tractb 359 (30.8)
Gynecologyc 196 (16.8)
Head and Neckd 155 (13.3)
Lung 125 (10.7)
Breast 118 (10.2)
Skin 57 (4.9)
Bones and soft tissues 39 (3.3)
Otherse 117 (10.0)

Cancer Stage
Local Advanced 174 (14.9)
Metastatic 992 (85.1)

Current Medical Situation
Inpatient 218 (19.6)
Outpatient 898 (80.4)

Concurrent Treatment
Surgery 463 (39.7)
Chemotherapy 701 (60.1)
Radiotherapy 508 (43.6)

KPS (%)
30-40 576 (49.5)
50-60 406 (34.9)
�70 181 (15.6)

Note: N ¼ number of observations; % ¼ frequency;
GI ¼ gastrointestinal; KPS¼ Karnofsky Performance Status.

a Mean/standard deviation.
b Upper and lower GI tract; cervix, uterus, endometrium, ovary

and vulva.
c Cervix uterus endometriun ovary and, vulva.
d Oral and nasal cavity, pharynx, larynx, salivary glands, par-

anasal sinuses and eyes.
e Central nervous system, kidney and urinary tract, male

reproductive system and hematologics.
higher in the Un, 2.0 times in the PCa and 2.4 times in the RCa group
(p < 0.001) (Table 3). Patients grouped in the RCa group had the
highest probability to die during follow-up than the other groups
studied.

4. Discussion

This is a pioneering study inwhich we demonstrated the clinical
relevance of cachexia classification based on laboratory biomarkers
in patients with advanced cancer in palliative care in a reference
center in Brazil. Our results support that the stages of cachexia
based on this simple and objective classification were associated
with the main domains related to the cancer cachexia syndrome.
Our findings confirm the hypothesis suggested by Douglas and
McMillan [10] that mGPS can help in the assessment of cachexia
progress.

In the present study, 36.2% of the sample had at least one
altered criterion (albumin or CRP) and 26.4% fulfilled both lab-
oratory altered criteria, named RCa. Bye et al. [17] using the
mGPS framework in a group of patients with inoperable
pancreatic cancer receiving palliative chemotherapy (n ¼ 20)
demonstrated a 65% prevalence of NCa, 5% of Un, 25% of PCa and
10% of RCa. The median survival rate reported by the authors
was of 45.5 weeks. The disagreement between our reports
should be justified by differences in the clinical profile, sample
size, current medical situation and median OS. Gray and
Axelsson [18] in a cohort study of patients enrolled in a
specialized palliative home care found a prevalence of cachexia
(define as CRP >10 mg/L and albumin <30 g/L) of 85% in the
0e30 days prior to death and 66% in the 31e60 days prior to
death. In addition, these authors demonstrated that the majority
of the sample (75%) had fulfilled the criteria within 0e120 days
prior to death. Accordingly, the prevalence of cachexia seems to
increase as death approaches.

Our results demonstrated that the cachexia framework allowed
to capture alterations in clinical and functional features (nutritional
risk, WL, symptoms, laboratory biomarkers, muscle mass, HGS, and
performance status) according to the cachexia stage progression.
Others have also related the elevated CRP with cachexia domains,
like WL [7], skeletal muscle loss, strength impairment, physical
function [19] and other symptoms [19,20].

Weight change is an important prognostic factor in advanced
cancer. Furthermore, progressive WL is the most reported pheno-
type of cancer cachexia [4]. According to our results, RCa patients
exhibited significantly higher WL than the NCa patients. Previous
studies report inflammation as the major cause of WL in cancer
patients and present the concentration of albumin and CRP as the
best predictors of WL [21,22]. Takaioshi et al. [21] described
increased WL rate as an independent predictor of poor OS and
progression-free survival, and mGPS and CRP concentrations were
significantly correlated with WL in this study. Likewise, Dean et al.
[22] described that 34% of the WL observed was determined by
elevated CRP concentration.

Irrespective of functionality markers, the RCa patients had
poorer HGS, fatigue and functionality. Corroborating these findings,
Wallengren et al. [2] evaluated different diagnostic criteria for
cachexia in palliative cancer patients and demonstrated that
elevated CRP and reduced albumin were associated with fatigue,
low grip strength and short walking distance. Similarly, Kilgour
et al. [23] showed that lower HGS percentiles were associated with
reduced serum albumin values.

We also observed that the patients in advanced stages of
cachexia exhibited higher nutritional impact symptoms burden. In
a cohort of ovarian cancer patients it was shown that the highest
mGPS values were associated with greater nausea, pain, dyspnea,



Table 2
Associations to characteristics studied according to cachexia stages.

Variables N No cachexia
n ¼ 435
(37.3%)

Undernourished
n ¼ 377 (32.3%)

Pre cachexia
n ¼ 46 (3.9%)

Refractory
cachexia
n ¼ 308 (26.4%)

p-value Total

Weight (kg) 903 61.8 (±16.1) 56.4 (±13.4)a 60.3 (±11.3) 55.3 (±14.6)a 0.002 58.6 (±15.1)
BMI (kg/m2) 903 24.4 (±6.4) 22.3 (±5.3)a 23.9 (±4.5) 21.9 (±5.8)a 0.002 23.2 (±5.9)
WL 1 month (%) 714 3.8 (±5.2) 6.2 (±6.8)a 5.5 (±5.2) 8.7 (±8.3)a,c <0.001 5.7 (±6.8)
WL 6 month (%) 867 9.5 (±9.5) 14.4 (±11.4)a 11.1 (±9.4) 16.8 (±11.6)a,c 0.002 13.0 (±11.1)
PG-SGA SF (score) 1163 12.8 (±6.9) 16.5 (±5.7)a 15.9 (±6.7)a 18.6 (±6.0)a,b 0.001 15.6 (±6.7)
Weight history (Box 1) 1163 1.8 (±1.7) 2.3 (±1.8)a 2.3 (±1.9) 2.5 (±1.8)a 0.622 2.2 (±1.8)
Food intake (Box 2) 1163 0.8 (±0.9) 1.0 (±1.0)a 1.1 (±1.1) 1.2 (±1.1)a,b 0.005 1.0 (±1.1)
Symptoms (Box 3) 1163 8.1 (±5.2) 10.5 (±4.8)a 10.0 (±5.4) 12.1 (±4.9)a,b,c 0.017 10.0 (±5.3)
Activity (Box 4) 1163 2.1 (±1.1) 2.7 (±0.7)a 2.4 (±0.9) 2.7 (±0.7)a <0.001 2.5 (±0.9)

HGS 1117 22.5 (±10.5) 16.1 (±8.2)a 20.7 (±11.0)b 14.7 (±8.1)a,c <0.001 18.3 (±9.8)
NLR 1163 5.8 (±5.4) 9.7 (±12.5)a 9.4 (±8.5) 13.6 (±13.0)a,b <0.001 9.3 (±10.9)
PLR 1163 281.3 (±257.1) 373.2 (±332.5)a 398.0 (±284.2) 472.4 (±415.1)a,b <0.001 366.0 (±338.5)

Note: N ¼ number of observation; % ¼ frequency; BMI ¼ body mass index; WL ¼ weight loss; PG-SGA SF¼ Patient-Generated Subjective Global Assessment Short Form;
HGS ¼ hand grip strength; NLR ¼ neutrophil/lymphocyte ratio; PLR ¼ platelet/lymphocyte ratio.
The results was expressed as mean (±standard deviation). P-value refers to ANOVA. Bonferroni pairwise comparison were performed between groups.
Bold refers to p value that was statistically significant.

a Statistically different from No cachexia.
b Statistically different from Undernourished.
c Statistically different from pre cachexia.

Fig. 1. Weight loss percentage during the past one and six months according to cachexia classification stages. Notes: P-value refers to ANOVA.
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fatigue and anorexia [24]. Another study pointed that patients with
higher CRP level (>10 mg/dL) presented a higher presence of
symptoms and were 50% more likely to exhibit four or more
symptoms [19]. In line with these studies, Vigano et al. [3] referred
that patients in the RCa group presented the worst symptoms.

There was a strong association between elevated NLR and PLR
and cachexia stages. In fact, NLR is an inflammation marker and
increases with cancer progression [16]. Previous report, demon-
strated that elevated NLR (�5) and high CRP (�10 mg/L) were
independently associated with a poorer prognosis in advanced
disease [25]. Our results suggest that NLR represents a sensible
laboratory to associatedwith tumor related inflammation as well as
PCR and albumin.

The NCa group had the best outcome measures, whereas pa-
tients in the RCa group had the poorest ones. According to the
International Consensus on cachexia, RCa is characterized by a 3-
month survival or less, an impossibility of reversion with con-
ventional nutritional support, and an unresponsiveness to
anticancer treatment [4]. Although International Consensus has
already described cachexia in its different stages, it has not drawn
any objective criteria to define RCa. In this context, our results
suggest that a cachexia system framework can be useful in this
regard, displacing us from a subjective definition of refractory
cachexia.

In the present study, we observed that the RCa group presented
the poor KPS when compared with the other groups. The PCa group
did not presented a statistical difference when compared with RCa
(data no show). Peformance status is a traditional prognostic tool
used to advanced cancer patients. In the study of Laird et al. [26] the
mGPS was similar to KPS in terms of prognostic power and ac-
cording the authors when used together, performance status and
mGPS improved prognostic accuracy.

It was also observed a lack of association of PCa and most of the
covariates analyzed. This finding probably could be justified by the
difficulty of classifying PCa stages using only CRP, once this marker
can be easily altered by acute disorders. This suggests that in



Table 3
Regression models for cachexia classification stages according to outcomes.

Independent variables N Undernourish n ¼ 377 (32.3%) Pre cachexia n ¼ 46 (3.9%) Refractory cachexia n ¼ 308 (26.4%)

OR (95% CI)a p-value OR (95% CI)a p-value OR (95% CI)a p-value

Cachexiad 960 1.84 (1.23; 2.75) 0.003 1.51 (0.69; 3.32) 0.303 2.83 (1.73; 4.60) <0.001
BMI < 20 kg/m2 877 1.49 (1.04; 2.12) 0.028 0.89 (0.41; 1.97) 0.784 1.65 (1.11; 2.47) 0.014
WL >2%, 6 month 716 2.55 (1.59; 4.09) <0.001 1.86 (0.73; 4.78) 0.195 2.30 (1.35; 3.91) <0.001
WL >5%, 6 month 717 2.16 (1.43; 3.29) <0.001 1.12 (0.50; 2.50) 0.776 2.71 (1.65; 4.43) <0.001
Low MUAMA 1094 0.99 (0.73; 1.36) 0.995 1.38 (0.73; 2.61) 0.320 0.96 (0.68; 1.35) 0.825
Low HGS 1117 2.82 (1.24; 2.26) <0.001 0.83 (0.14; 1.24) 0.424 4.35 (2.54; 8.14) <0.001
PG-SGA SF (global score)
�9 1116 3.52 (2.55; 5.50) <0.001 2.21 (0.94; 5.18) 0.067 4.11 (2.38; 7.10) <0.001
�18b 1116 1.41 (0.93; 1.80) 0.035 1.62 (0.84; 3.13) 0.151 2.53 (1.80; 3.55) <0.001

Symptoms of nutritional impactc

Hyporexia 1164 1.48 (1.10; 2.01) 0.010 1.50 (0.80; 2.80) 0.207 3.20 (2.25; 4.55) <0.001
Nausea 1164 1.33 (0.98; 1.82) 0.063 1.78 (0.93; 3.39) 0.079 2.13 (1.52; 2.99) <0.001
Intestinal Constipation 1164 1.30 (0.96; 1.74) 0.087 1.08 (0.58; 2.00) 0.797 1.75 (1.26; 2.44) <0.001
Xerostomia 1164 1.47 (1.09; 1.98) 0.012 1.02 (0.55; 1.89) 0.954 2.00 (1.43; 2.80) <0.001
Dysgeusia 1164 1.14 (0.84; 1.56) 0.388 1.44 (0.77; 2.72) 0.252 1.89 (1.36; 2.63) <0.001
Fatiguee 1144 0.56 (0.07; 1.04) 0.025 0.32 (�0.69; 1.33) 0.529 1.06 (0.53; 1.59) <0.001

NLR � 5 1166 1.86 (1.37; 2.51) <0.001 2.46 (1.26; 4.80) 0.008 4.84 (3.31; 7.09) <0.001
PLR � 300 1166 4.84 (1.26; 4.80) <0.001 3.28 (1.75; 6.15) <0.001 3.96 (2.82; 5.56) <0.001

HR (95% CI)a p-value HR (95% CI)a p-value HR (95% CI)a p-value

90- days survival 866 1.55 (1.25; 1.93) <0.001 2.00 (1.34; 2.98) 0.001 2.45 (1.34; 2.98) <0.001

Note: OR ¼ odds ratio; CI ¼ confident interval; HR ¼ hazard ratio; BMI ¼ body mass index; MUAMA ¼ mid-upper arm muscle area; PG-SGA SF¼ Patient-
Generated Subjective Global Assessment Short Form; NLR ¼ neutrophil/lymphocyte ratio; PLR ¼ platelet/lymphocyte ratio; WL ¼ weight loss; HGS ¼ hand grip strength.
Bold refers to p value that was statistically significant.

a Logistic and Cox regression adjusted for age �60 years, female gender, type of tumor, Karnofsky Performance Status 30 and 40%; current medical situation e in patient
versus out patient.

b ROC curve of the PG-SGA SF score as a predictor of death in 90 days (cutoff: 18 points): AUC, 0.72; 95% IC, 0.68e0.76; p-value < 0.001.
c According PG-SGA SF.
d According Fearon et al., 2011.
e According Edmonton Symptom Assessment System.
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chronically inflamed patients, albumin concentrations appear to
improve accuracy to determine a diagnosis of cachexia. Addition-
ally, we observed a lower prevalence of patients in PCa group
(3.9%), which may reduce the statistical test accuracy.

Other studies failed to differentiate the PCa stage from the other
stages [3,27]. Vigano et al. [3] proposed a cancer cachexia classifi-
cation based on clinical features, however they were unsuccessful
in distinguishing the pre-cachectic from the cachectic group. They
justified that in the PCa group, there is a possibility of coexistence of
patients with high cachexia risk and early stages of the syndrome.
Thereby, we supposed, based on the dynamic nature of cancer
Fig. 2. KaplaneMeier survival curves stratified according to cachexia classification
stages. Note: aStatistically different from No cachexia; bStatistically different from
Undernourished; cStatistically different from pre cachexia.
cachexia that only cross-sectional observations of the inflammatory
biomarkers should be insufficient to define PCa.

As would be expected, significant differences in the risk of death
at 90-days were observed for all the cachexia stages. The cachexia
classification system based on systemic inflammation criteria
showed to be a better survival predictor when compared with
another classification system based on clinical features [3,27]. As
already discussed, Gray and Axelsson [18] reported a progressive
increase in the prevalence of CRP >10 mg/dL and albumin <30 g/L
when closer to death. In a study with inoperable pancreatic cancer
patients, Bye et al. [17] showed that albumin decreased significantly
from 43 mg/mL to 39 mg/mL (p ¼ 0.01), whereas CRP increased
from 5.8 mg/mL to 14.1 mg/mL. The median survival of this group
was of 5.5 months.

The biggest limitation of this study was the evaluation of
patients in a cross-sectional manner. Despite the fact that CRP
was used as the most relevant biomarker for cachexia inflam-
mation it is not specific for cancer, cachexia or for tumor ac-
tivity, since it can be influenced by other factors such as
infections. Moreover, although the mGPS framework clearly
distinguishes NCa and RCa stages for all domains analyzed, it
was unable to capture all stages of cachexia. Due to the lack of
statistical discrimination between the PCa stage and almost all
the outcomes examined, there is a need for further exploration,
aiming a validation of this method with other clinical charac-
teristics focusing on the benefits for cachectic advanced cancer
patients.
5. Conclusion

Cachexia stages evaluated by mGPS were associated with poor
clinical features and can predict OS. This classification system based
on simple and objective criteria available in routine clinical practice
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can be used to identify and characterize the presence and severity
of cachexia in advanced cancer patients.
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