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A B S T R A C T

Objectives: The aim of this study was to analyze the association between survival and two validated methods
of nutritional assessment: body composition through computed tomography (CT) scans and Patient-Gener-
ated Subjective Global Assessment (PG-SGA).
Methods: Cancer-bearing patients (n = 103) hospitalized in the Oncology Ward of Clínica Alemana in Santiago,
Chile, for palliative or curative treatment were assessed by both methods. Images from abdominal CT scans at
the L3 level were analyzed by SliceOmatic (version 5.0), to measure muscle and fat areas and densities. Skeletal
muscle mass index (MMI) was calculated using total abdominal mass area (psoas + rest of muscles)/ height2.
These were compared with those obtained for assessment of trauma of 130 healthy young adults (18�40 y of
age), as reference control values. Sarcopenia was established as MMI<1 SD compared with control participants.
Results: Patients with cancer had less muscle and higher abdominal fat areas compared with controls (P <

0.05). According to the PG-SGA, ~50% were classified as malnourished. Patients were followed for 38 mo,
when 53% had died. Survival time was significantly and negatively correlated with PG-SGA score, cancer
stage, and sarcopenia, independent of age and sex. Multivariate analysis included both cancer stage and
nutritional assessment variables.
Conclusions: Together with cancer stage, both CT measurements and subjective assessment of nutritional sta-
tus through PG-SGA can adequately identify cancer patients with a higher mortality risk, independent of age
and sex. However, the latter is less costly and simple to use; it should be included as a valuable tool during
management of patients with cancer.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

The characteristic representation of malnutrition associated
with neoplastic diseases is cancer cachexia, which can be defined
according to the 2011 international consensus [1] as a “multifac-
torial syndrome defined by an ongoing loss of skeletal muscle
mass (with or without loss of fat mass) that cannot be fully
reversed by conventional nutritional support and leads to pro-
gressive functional impairment.” It is a continuous process that
consists of three stages of clinical relevance: precachexia,
cachexia, and refractory cachexia [1]. The presence of cachexia is
directly or indirectly responsible for the death of one-third of
patients with cancer [2].

Sarcopenia was originally introduced as a term to define the age-
related decline of muscle tissue [3]. It now includes loss of muscle
mass and function associated with chronic diseases, including cancer
[4]. Thus, all cachectic patients are sarcopenic although not all of these
patients have cachexia [5]. Sarcopenia is associated with higher post-
operative complications [6], with adverse events associated with anti-
tumor treatments [7], leading to dose reduction or premature
discontinuation of oncology treatments [1]. Therefore, the presence of
sarcopenia in patients undergoing surgery for cancer, is a significant
predictor of short�and long-term results [8].
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Table 1
Cancer sites according to sex

Cancer site Men (n = 46), no./% Women (n = 57), no./%

Digestive system 16/34.8 14/24.6
Hematologic 14/30.4 13/22.8
Gynecologic (breast, ovaries) 0 18/31.6
Lung 8/17.4 6/10.5
Testes 5/10.9 0
Other sites 3/6.5 6/10.5
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Several studies report associations between loss of muscle mass
and drug toxicity [9,10] and increased mortality [11�13]. Regard-
ing the response to antineoplastic treatments among patients with
sarcopenia, data are few and discordant [14,15].

Detection of sarcopenia requires specific anthropometric meas-
urements, or the use of equipment to assess muscle mass and func-
tion adequately [4]. The tomographic radiology images obtained from
computed tomography (CT) allow the direct measurement of the adi-
pose and skeletal muscular compartment of the whole body or body
segments, and has been established as an excellent method to detect
sarcopenia [16], especially among patients with cancer, which usually
require repeated tomographic images during follow-up.

Subjective methods of nutritional evaluation such as the Patient-
Generated Subjective Global Assessment (PG-SGA) have been also
validated. Results of this assessment are delivered through a cate-
gorical classification (A, B, or C) or by numeric scores, recommend-
ing appropriate measures for its management. Thus, the PG-SGA is a
very useful tool for the diagnosis of malnutrition and planning of
nutritional care, being the most recommended for patients with
cancer [6,17]. Subjective methods have both high sensitivity and
specificity compared with objective nutritional variables [18]. More-
over, because the PG-SGA includes various clinical variables and
evaluates the overall functionality of the patient, it can be consid-
ered as a method to approach the diagnosis of sarcopenia and
cachexia. To date, several studies have found significant associations
between PG-SGA and survival in patients with cancer. In short fol-
low-up periods, studies have reported lower survival when PG-SGA
scored �9 or was classified as B or C [19�21]. A retrospective Brazil-
ian study also found a negative association between PG-SGA B and
both 30-and 90-d mortality post-gastrectomy for cancer [22]. Thus,
the PG-SGA could be considered a nutritional assessment tool as
well as a predictor of mortality in oncology.

The aim of this study was to analyze the relationship between
nutritional status, evaluated both through PG-SGA and by the
objective measurement of muscle and fat mass using CT at the
third lumbar vertebrae (L3), with global survival time, in a sample
of hospitalized patients with cancer. Our hypothesis was that sar-
copenia is a predictor of survival, independent of cancer stage.

Patients and methods

A cohort of adult cancer patients hospitalized in the oncologyward of Clínica Ale-
mana (Santiago, Chile) from 2012 to 2014 was studied prospectively, during active
cancer treatment with curative or palliative intent. We excluded patients with termi-
nal illness in the agonic phase, patients with psychotic symptoms, and those with
altered cognitive functions that prevented them from understanding the scope of the
study and signing their consent. The study followed human ethics standards and was
approved by the Scientific Ethics Committee from the Faculty of Medicine of Clínica
Alemana�Del Desarrollo University. Each patient signed a written informed consent
accepting the nutritional evaluation and use of their clinical data for further analysis.

Demographic information, diagnosis, treatments, and other clinical data were
obtained from the electronic clinical record, and the PG-SGA through an interview
and physical examination of the patient by one of the authors (PV).

The PG-SGA evaluates nutritional status through a brief clinical history and
physical examination, including information of changes in weight and dietary
intake, characteristic symptoms, functional capacity, cancer stage, and metabolic
stress. The first section can be completed by the patient. The second part includes
medical data such as physical examination, registering edema, ascites, loss of muscle
mass and fat, and prescription of corticosteroids. Nutritional status is then classified
as well nourished (A), moderately malnourished or at risk for malnutrition (B), or
severely malnourished (C). This method also allows the calculation of a score if each
section is quantified, making it less subjective. Scores <4 are considered adequate
nutritional status, scores 4 to 8 are considered malnutrition and implies recommen-
dation of nutritional support provided by a dietitian, scores �9 indicate urgent need
for improved symptommanagement, nutritional support, or both.

Muscle mass and fat were estimated on images obtained from abdominal CTs
performed within 2 mo before or after the inclusion to the study, when available
(n = 64). All CT scans were performed on 128- or 320-slice multidetector CT scan-
ners (Siemens Definition AS+ or Toshiba Aquilion One, Siemens Healthineers, For-
chheim, Germany Aquilion One; Toshiba Medical, Otawara, Japan), with 120 kVp,
210mAs ref, and automatic dose modulation. Calibration was performed daily; test-
retest variability of the obtained images are included in its software. Axial acquisi-
tion of the abdomen and pelvis was performed in a portal venous phase after injec-
tion of 80 to 120 cc of iodinated contrast media (Omnipaque 350mgI/mL, GE Health
Care, Waukesha, Wisconsin), with an injection rate of 3 to 5 mL/s followed by a
saline chaser. A selected axial image at the L3 level was exported from our institu-
tion’s PACS in DICOM format, and analyzed for muscle and fat mass using SliceO-
matic software (version 5.0, Tomovision, Montreal, Canada). Skeletal muscle mass
index (MMI) was established by correcting muscle mass by height (m2) [18]. To
obtain the areas (cm2) of muscle and adipose compartments, the following thresh-
olds were used in Hounsfield units (HU):

� �29 to 150 HU for skeletal muscle’
� �190 to �30 HU for subcutaneous adipose tissue’ and
� �150 to �50 HU for visceral fat tissue.

Negligible interobserver differences for estimation of muscle and fat areas and
densities were observed (Lin’s concordance correlation coefficient 0.96�0.99). As a
reference standard for muscle mass, we included a sample of 130 adult men and
women, 18 to 40 y of age, in which an abdominal CT was taken as part of standard
trauma protocol [23]. The diagnosis of sarcopenia in cancer patients was established
using a cutoff point of�1 SD compared with the control group of men and women.
Attenuation or density of the psoas muscle was measured, by manually tracing the
contours of the psoas muscles, on the L3 level, on the same software [24]. We con-
sidered as high abdominal fat or visceral fat, values over the median of the control
group (>206 and>70 cm2 in men and> 57 and>18 cm2 in women).

Patients were followed until death or up to 5 y, with a closing date of August
31, 2018. Survival of the patients was calculated from the date of entry into the
study until the date of death verified by the clinical electronic records or through
national death statistics. The survival time in months was analyzed against the
nutritional status, stage of the disease, age, and sex.

Statistical analysis

Normality of the variables was analyzed through the Shapiro�Wilk test. Since
most variables were distributed non-parametrically, demographic clinical and
nutritional data were compared through Kruskal�Wallis. Then, simple correlation
tests were carried out between the nutritional variables, cancer stage, and survival
time, separated by sex. Using a cu-off point of�1 SD below values from previously
health young men and women [25] comparison of the survival curves between
sarcopenic and non-sarcopenic patients was carried out using the log-rank test
and Kaplan�Meier survival curves. The same analysis was performed plotting PG-
SGA (A, B, or C or numeric scores) and two TNM cancer stages (1 and 2 versus 3
and 4) with survival time. Significance was considered for P < 0.05. Finally, two
Cox regression models to predict survival time were performed, including diagno-
sis of sarcopenia by CT scan or PG-SGA and stage of disease corrected by age and
sex. Power for these associations was 0.46, 0.99, and 1, respectively.

All study data were entered into a database created with RedCap software
(version 6.6, Vanderbilt University) and statistical analysis performed in Stata ver-
sion 13 (StataCorp, College Station, TX, USA).
Results

We studied 103 patients (46 men, 57 women), 55 y of age on
average, during hospitalization for cancer treatment (chemother-
apy or radiotherapy) or management of complications, in the
Oncology Ward of Clínica Alemana of Santiago. Analysis of survival
was performed after a median follow-up of 38 mo.

Table 1 depicts localization of tumors according to sex. Table 2
shows general data from the patients. Owing to low frequency of
cancer stages 1 and 2, the sample was grouped in two categories—
TNM stages 1 and 2 versus 3 and 4. Staging was unknown in two



Table 2
Demographic, anthropometric, and clinical stages of patients with cancer patients*

Total (N = 103) Men (n = 46) Women (n = 57)

Age (y) 54.9 § 13.5
56 (18�83)

55.7 § 15.7
60 (18�83)

54.3 § 11.6
55 (28�81)

Height (m) 1.67 § 0.1
1.66 (1.49�1.88)

1.74 § 0.08
1.75 (1.53�1.88)

1.61 § 0.05
1.60 (1.49�1.75)

Weight (kg) 68.4 § 14.2
67.9 (45�102)

78.4 § 11.2
79.5 (49.5�102)

60.3 § 10.7
58.8 (45�96.2)

BMI (kg/m2) 24.4 § 4
24 (16.7�36.7)

25.9 § 3.4
25.7 (17.5�34.9)

23.3 § 4.1
22.4 (16.7�36.7)

Stages 1�2. n/% 21/20.8 7/15.2 14/25.5
Stages 3�4, n/% 80/79.2 39/84.8 41/74.6

BMI, body mass index.
*Data expressed as mean § SD and median (min�max) unless otherwise noted.
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cases, and cases of leukemia were classified as stage 4. All patients
were followed until death or until closure of the study.

Approximately 50% of patients with cancer were classified as
undernourished according to the PG-SGA (B and C; 41% of men and
54% of women). PG-SGA scores (A, B, or C) correlated negatively and
significantly with muscle and fat areas, and with MMI (r = �0.52; P
< 0.001). PG-SGA numeric score averaged 14.3 § 5.7 (5�30 points),
without significant differences due to sex or cancer stage. Body
mass index correlated negatively with PG-SGA (r = �0.4; P <0.01)
and positively with muscle areas, but not with survival time. Table 3
depicts variables according to PG-SGA categories.

As stated in the methodology, CT images at L3 from 130 individ-
uals (83 men and 47 women) 18 to 40 y of age were analyzed for
calculation of muscle and fat areas. These were considered the con-
trol values from young and previously healthy Chileans, for com-
parison with patients with cancer as no national standards are
available. These images were stored in the databases of the Images
Department, and have been obtained previously as part of the
Table 3
Distribution of variables according to PG-SGA

PG-SGA A
(n = 54)

PG
(n

Age (y) 53 § 14
54.5 (18�78)

58
58

Men/Women (n) 27/26 18
Cancer stage 1�2 vs 3�4 (n) 17/35 4/
PG-SGA score 11.2 § 3.9

10 (5�23)
16
16

BMI (k/m2) 25.7 § 4
25.2 (18.4 �36.7)

23
23

Psoas area (cm2) 18.1 § 5.3y

17.5 (10�30)
16
15

Total muscle area (cm2) 136.0 § 32.1y

134 (91.8�196.5)
12
11

Muscle mass index (cm2/m2) 48.0 § 8.6y

47.9 (33�65.7)
43
4

Psoas density (HU) 49.0 § 7.1
49.5 (30.1�62.3)

44
43

Total fat mass (cm2) 347.2 § 147.7z

375.2 (77.5�645.8)
24
25

Subcutaneous fat area (cm2) 200.2 § 32z

189.9 (52.8�455.3)
14
15

Visceral fat mass (cm2) 147 § 104.2
141.4 (20.5�406.3)

99
85

BMI, body mass index; PG-SGA, patient-generated subjective global assessment.
Data expressed as mean § SD or ratios (first line) and median (min�max) below each
kal�Wallis. Data on available computed tomography scans (n = 64).
Post hoc analysis:
*Significantly different to PG-SGA A and B.
ySignificantly different to PG-SGA A and C.
zSignificantly different to PG-SGA C.
x Significantly different to PG-SGA B and C.
workup in trauma patients. Total muscle area at the L3 level cor-
rected by squared height (MMI) in control subjects averaged 58.6
§ 7 cm/m2 and 42.9 § 4.8 cm/m2 in men and women, respectively,
which was higher than values obtained in 64 cancer patients with
available CT scans [26]. Fifteen male (58%) and 15 female patients
(39.5%) were classified as sarcopenic (MMI <1 SD compared with
healthy controls). Sarcopenic patients exhibited significantly
higher PG-SGA scores (11.2 § 3.8 versus 17.2 § 6; P < 0.001). No
statistical correlations were found between cancer stages with
measured muscle and fat areas in either sex.

Fat areas were significantly higher among the patients than the
controls, specifically at the visceral compartment, although we
found no relation between fat compartments and survival. Muscle
density as an indicator of tissue fat infiltration was also signifi-
cantly lower among patients than controls (Table 4).

After a median follow-up time of 38mo (0.2�66mo), 55 patients
had died (26 men and 29 women). Of the 55 who died, 1 died in
stage 1, 5 in stage 3, and 48 in stage 4, TNM classification. According
to univariate analysis, survival time was inversely correlated with
age, cancer stage, PG-SGA but not with MMI nor abdominal fat area
(data not shown). Kaplan�Meir survival estimates were significant
for diagnosis of sarcopenia, cancer stage, and PG-SGA (Figs. 1 and 2).

A Cox regression model, including TNM staging and MMI
expressed as a continuous variable or dichotomized (with or with-
out sarcopenia), rendered both variables as significant predictors
of survival, independent of age and sex. If muscle mass was
exchanged for PG-SGA in the regression model, again both cancer
stage and PG-SGA appeared as significant predictors of survival
(Table 5). We did not include muscle mass and PG-SGA in the same
model because both variables were significantly correlated.

The coexistence of sarcopenia with elevated total abdominal fat
(over the median areas of healthy controls, that is, >206 in men
and >157 cm2 in women) was not correlated with survival time;
-SGA B
= 42)

PG-SGA C
(n = 7)

P-value

§ 12
.5 (31�83)

51 § 12
55 (28�65)

0.14
0.17

/28 1/3 0.286
41 0/4 0.011
.4 § 4.4
.5 (7�26)

25.7 § 2.6*
25 (22�30)

<0.001
0.0001

.7 § 3.3

.5 (16.7�31.6)
19.0 § 1.3*
18.4 (17.5�20.7

<0.001
0.0001

.2 § 5.8

.1 (7.8�30.6)
10.5 § 2.5
10.4 (7.8�14.7)

0.0086
0.0059

0.5 § 28.6
4.5 (72�162)

96.3 § 23.4
89.2 (79.6�141.7)

0.0086
0.0065

.3 § 7.4
3.9 (28.9�59.6)

34.9 § 4.7
35.7 (28.2�41.4)

0.0009
0.0017

.6 § 7.5

.8 (20.8�55.7)
44.3 § 7.9
43.1 (36.3�57.9)

0.0591
0.0781

8 § 109
6.6 (66.9 �493.3)

139.2 § 77.6
118.1 (62.4�285.6)

0.0005
0.0009

8.4 § 54.7
0.9 (47.2�310.2)

76.2 § 32.5
70.5 (45.7�121.3)

0.0003
0.0002

.6 § 66.3

.4 (11.1�249.3)
63 § 54.2
50.8 (12.6�164.3)

0.0347
0.0587

variable. Statistical analysis by one-way analysis of variance (first line) and Krus-



Table 4
Tomographic muscle and fat areas from patients and control group

Male patients
(n = 26)

Male controls
(n = 83)

P-value Female patients
(n = 38)

Female controls
(n = 47)

P-value

Psoas area (cm) 21.7 § 4.2
22.0 (14.7�30.6)

27.8 § 6
26.4 (17.4�45.5)

<0.001
0.0001

13.1 § 3.5
12.5 (7.8�20.7)

15.8 § 3.2
15.8 (10.3�22.2)

0.004
0.0005

Total muscle area (cm2) 157.2 § 19.6
153.3 (116.2�196.5)

183.1 § 22.2
182.6 (126.3�268.7)

<0.001
0.0001

104.7 § 18.2
103.8 (72�147)

116.4 § 14.4
115.4 (85.6�145.1)

0.0014
0.0012

Muscle mass index (cm/cm2) 51.2 § 6.5
51 (38.4�65.7)

58.6 § 7.0
58.7 (39.5�82)

<0.001
0.0001

40.5 § 7.2
39.8 (28.2�59.6)

42.9 § 4.8
42.8 (32.6�55.3)

0.0743
0.0310

Psoas density (HU) 47.2 § 8.3
48.3 (20.1�62.3)

55.5 § 5.5
56.2 (42.2�66.8)

<0.001
0.0001

46.5 § 7.1
47.5 (20.8�57.9)

53.6 § 6
54.0 (40.1�66.7)

<0.001
0.0001

Subcutaneous fat area (cm) 165.4 § 50
179.8 (45.7�239.5)

147.8 § 109.4
119.2 (3.7�591.9)

0.4281
0.0620

168.9 § 96.2
153.9 (47.2�455.3)

150 § 82.2
136.4 (20.5�369.2)

0.3313
0.4686

Visceral fat area (cm) 178.3 § 95.5
175.3 (24.7�406.2)

81.1 § 70.7
69.8 (2.1�369.4)

<0.001
0.0001

79.9 § 60.9
54.5 (11.1�249.3)

25.3 § 20.5
18.2 (3.5�92.7)

<0.001
0.0001

Total fat area (cm) 343.8 § 126.7
355.5 (77.5�645.8)

230.3 § 160.3
205.8 (5.77�686.3)

0.0013
0.0003

248.8 § 142.3
220.4 (62.4�627.2)

175.3 § 99.3
157.3 (24.1�427.4)

0.0064
0.0178

Data expressed as mean § SD (first line) and median (min�max) below each variable.
Significant if P < 0.01 by analysis of variance or Kruskal�Wallis.

Fig. 1. Survival curves comparing patients with or without sarcopenia (P = 0.0240).

Fig. 2. Survival curves comparing patients according to PG-SGA classified as A, B, or
C (P = 0.0000). PG-SGA, patient-generated subjective global assessment.

Table 5
Cox regression models

Variables model 1 HR SE Z P > |z| 95% CI

Sex 1.02 0.34 0.07 0.94 0.53 1.96
TNM stage 12.5 12.90 2.46 0.01a 1.67 94.10
Sarcopenia (Y/N) 2.38 0.80 2.59 0.01 1.23 4.60
Age 1.01 0.01 0.85 0.40 0.98 1.04

Variables model 2 HR SE Z P > |z| 95% CI

Sex 0.85 0.23 -0.59 0.56 0.50 1.46
TNM stage 15.4 15.6 2.69 0.01 2.10 112.74
PG-SGA 2.42 0.53 4.03 0.00 1.58 3.72
Age 1.01 0.12 0.98 0.33 0.99 1.04

PG-SGA, patient-generated subjective global assessment.
aP-values in bold indicate significant survival predictor variables
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however, when considering sarcopenia with higher visceral
abdominal fat (>70 in men and >18 cm2 in women), a trend
toward lower survival was observed (P = 0.07).

Discussion

The present study analyzed the relationship between nutritional
status evaluated both through a subjective method (PG-SGA) and
the objective measurement of muscle and fat areas by CT at L3 with
global survival in a heterogeneous group of patients with cancer.
PG-SGA scores started from five points, suggesting that none of
these patients should be considered nutritionally normal, although
52% were classified as A. This was not unexpected because, although
nutritional assessmentmethods can be highly correlated, agreement
between them can be moderate or low, as reported by Raeder et al.
[25]. As expected, patients with advanced stages of disease had
more nutritional deterioration and less survival time, but malnutri-
tion contributed as well, independent of age and sex. Most impor-
tantly, the contribution of nutritional status was evident both when
assessed through CT images or subjectively by PG-SGA. Coinciden-
tally, a Brazilian study in patients with advanced cancer under palli-
ative care found that a PG-SGA score �20 points was the best cutoff
point for classifying patients predicted to be dead within 30 d,
unlike the broader classification of malnutrition (B or C) [26], sug-
gesting that the numeric score is more sensitive for detection of
cachexia. Another retrospective Brazilian study suggests that the
combination of PG-SGA with the Karnofsky Performance Status
score should be the best approach for predicting survival and also
focuses on the adequate management of specific symptoms during
the terminal phases of this illness [27].

Using CT images, we detected sarcopenia (�1 SD below control
values) in 58% of male and 40% of female patients. Cutoff points for
sarcopenia were established as <1 SD compared with the control
group, as 2 SD gave extremely low numbers and would have classi-
fied only nine patients as sarcopenic, whereas 1 SD behaved as an
adequate predictor of survival both when expressed as a
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continuous or dichotomic variable in the Cox regression models,
although underpowered for univariate analysis because only 64
CTs were available. Average body mass indexes were within nor-
mal or overweight ranges in most patients, and although we
detected only one sarcopenic obese patient in this sample, it is
worth noting that abdominal fat, specifically the visceral compart-
ment, and possibly muscle fat infiltration, was significantly higher
in the patient group than in healthy controls. Low muscle area
(either as absolute or corrected by squared height) was negatively
correlated with survival time, and patients with sarcopenia and
visceral fat areas over median values of the control group showed
a non-significant trend toward less survival time, which was not
evident among sarcopenic patients with higher subcutaneous fat
area. These findings could suggest that the metabolic derange-
ments responsible for muscle loss in cancer cachexia, could also
induce alterations in adipose tissue, similar to those observed in
ageing and in the metabolic syndrome, which could be attributed
to circulating inflammatory cytokines [28].

The results of the present study are similar to those of Martin
et al., who studied overweight and obese patients with advanced
cancer and found that survival was associated with sarcopenia,
myosteatosis, and PG-SGA score >9; however, Martin et al.
employed a short form of this triage method [29]. Although we
detected higher density in the psoas muscle, we do not have cutoff
points of radiodensity to assess myosteatosis, and limitations for
the analysis of radiologic attenuation in CT scans performed for
clinical purposes must be considered [24]. This is due to the fact
that variable contrast enhancement given by slight variation in
acquisition timing, which have a significant effect on HU measure-
ments, therefore rendering it flawed when used in clinical settings
(beyond controlled clinical protocols).

Several studies using tomographic measurements of muscle
mass have been performed in patients with cancer, and were
shown to predict treatment toxicity and mortality [13,30,31], even
better than subjective methods [32]. However, these cutoff values
could not be employed for our patients because we found lower
muscle mass and strength among Chileans [23,33]. The most
widely employed cutoff points of MMI to define sarcopenia are
those reported by Prado et al [9]: <52.4 cm2/m2 for men and <38.6
cm2/m2 for women. The present cutoff values were obtained using
comparable methodology (values from a group of young and
healthy individuals, similar to bone T scores, and not obtained
from age-matched controls). Resulting cutoff values were <51.6
cm2/m2 for men and 38.1 cm2/m2 for women. Thus 30% of the can-
cer patients in the present study were classified as sarcopenic. Sar-
copenia was significantly associated with malnutrition assessed by
PG-SGA (among non-sarcopenic patients, 24% were classified as
PG-SGA B or C compared with 80 % among patients with sarcope-
nia), but both sarcopenia and malnutrition were present in 38% of
our patients, so again concordance between both measurements
was low (k = �0.18). An important aspect of these CT measure-
ments and cutoff points is that they are usually corrected by
squared height, which limits comparison between countries and
ethnic groups, and also tend to “normalize” data from elderly indi-
viduals, who progressively lose stature [33]. Additionally, it
deserves mentioning that quantification of psoas area, although
easier (it can be performed even by economic available software),
represents a low percentage of trunk muscles, so could fail to accu-
rately reflect total body muscle mass, and therefore it is not recom-
mended for assessment of sarcopenia [34,35].

The present study had several limitations, such as a reduced
sample size, heterogeneous cancer sites and treatments, and
images that were not available for all the patients. Cancer stage in
leukemia was considered as TNM IV which can be questionable.
However, these data represent the reality of an oncologic ward,
and has several strengths, such as the long-term follow-up (>5 y),
and use of the best validated measurements for nutritional assess-
ments among cancer patients. Young controls were chosen as local
standard values following usual recommendations [23]; images
were obtained as part of trauma assessment, otherwise costs and
ethical limitations could preclude these measurements.

The best approach would be to analyze the evolution of tomo-
graphic measurements throughout cancer treatment to assess
muscle and fat loss, and plot against treatment toxicity and patient
survival, as studied retrospectively by Kays et al. [30].
Conclusion

In this sample, both PG-SGA and sarcopenia measured by CT,
together with disease stage, were predictors of survival in patients
with cancer, independent from other confounding variables such as
age and sex. Although the former is simpler and has a lower cost, evi-
dence suggests that it is better to express results through its numeric
scoring system and thus identify which aspects are more compro-
mised and plan adequate nutritional support. Body composition
measurements should be obtained at diagnosis and followed for
detection of muscle and fat wasting or accretion, to employ multi-
modal treatment strategies, able to counteract cachexia.
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