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ABSTRACT
Background Cancer cachexia is a complex 

metabolic syndrome characterised by a loss of 

muscle with or without loss of fat mass, and is 

associated with high morbidity and mortality. 

Despite its clinical importance, there is a lack 

of simple tools to screen patients for cancer 

cachexia. The aim of this study was to evaluate 

and validate the patient- generated subjective 

global assessment (PG- SGA) as a screening tool 

for cancer cachexia.

Methods This is a secondary analysis of a 

multicentre, cross- sectional, observational study. 

Cancer cachexia was diagnosed when there was 

weight loss ≥5% during the past 12 months and 

at least three of the five following conditions 

were present: decreased muscle strength, 

fatigue, anorexia, low Fat- Free Mass Index (FFMI) 

and abnormal laboratory findings. A quadratic 

discriminant analysis was conducted for the 

ability of PG- SGA to predict cachexia.

Results A total of 4231 patients with cancer 

were included in this analysis, and 351 patients 

(8.3%) were diagnosed as having cachexia. 

The highest incidence of cachexia was found 

among patients with pancreatic cancer (32.5%), 

oesophageal cancer (21.5%) and gastric cancer 

(17.9%). Compared with patients without 

cachexia, patients with cachexia had a lower 

body mass index, FFMI, hand grip strength, total 

protein, prealbumin, albumin, haemoglobin 

and Karnofsky performance status (p<0.05), 

while they had a higher C reactive protein level 

and PG- SGA Score (4.71±3.71 vs 10.87±4.84, 

p<0.05). The best cut- off value for PG- SGA 

was 6.5, with 79.8% of sensitivity and 72.3% 

specificity for cachexia, and the area under the 

receiver operating characteristic curve was 0.846 

(95% CI 0.826 to 0.866, p<0.001).

Conclusions PG- SGA is a highly specific tool 
that can be used to screen patients for cancer 
cachexia.

INTRODUCTION
Malnutrition frequently occurs in patients 
with cancer, with an estimated prevalence 
ranging from 40% to 80%.1 Malnutri-
tion has serious adverse consequences, 
including decreased muscle mass, immune 
dysfunction, an increased risk of compli-
cations, prolonged length of stay in the 
hospital, reduced response or tolerance to 
treatment, and reduced quality of life.2–7 
Malnutrition is associated with excess 
morbidity and mortality.5–7

Cachexia has long been recognised as 
an adverse effect of cancer, which is asso-
ciated with reduced physical function, 
reduced tolerance to anticancer therapy 
and reduced survival.8–11 Cachexia is 
defined as a complex metabolic syndrome 
associated with underlying illness and 
characterised by a loss of muscle with 
or without loss of fat mass.12 Anorexia, 
inflammation, insulin resistance and 
increased muscle protein breakdown are 
frequently associated with cachexia.

Cancer- related malnutrition and cancer 
cachexia are considered to be underdi-
agnosed and under- resourced aspects of 
cancer supportive care.13 14 In particular, 
cachexia in patients with cancer is barely 
recognised, assessed or managed actively, 
despite the fact that more than 50% of 
patients with advanced cancer experience 
cachexia, and more than 10% die with or 
from it.14

One of the reasons why cancer 
cachexia is underdiagnosed and treated is 
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that there has not been a simple and accurate diag-
nostic tool available to screen patients. The patient- 
generated subjective global assessment (PG- SGA) 
for oncology patients was developed by Ottery as a 
general nutritional assessment.15 This tool has two 
sections—a medical history section that is completed 
by the patient, and a physical assessment section that 
is completed by nursing, medical or dietetic staff. A 
scored version of the PG- SGA, including a numerical 
score and the overall global rating, was subsequently 
developed.16 The scoring system allows patients at 
risk for malnutrition to be accurately identified, and 
the score can be used for guiding nutritional therapy. 
The scored PG- SGA has been accepted as the standard 
for nutrition assessment for patients with cancer by 
the Oncology Nutrition Dietetic Practice Group of 
the American Dietetic Association (ADA).15 16 Studies 
showed PG- SGA had a sensitivity of higher than 90%, 
and a specificity of higher than 80% for malnutrition 
in patients with a variety of cancers.16 17

Early and accurate recognition of cachexia in 
patients with cancer, followed by rapid therapeutic 
and nutritional intervention, is the most effective way 
to prevent muscle mass deterioration. The aim of the 
current study was to assess the utility of PG- SGA to 

screen patients with cancer for cachexia according to 
an international consensus definition of cachexia.

SUBJECTS AND METHODS
Study design
This is a secondary analysis of a multicentre, cross- 
sectional, observational study. The study population 
was a subset of the patients included in the Investiga-
tion on Nutritional Status and its Clinical Outcomes 
of Common Cancers (INSCOC), a nationwide cross- 
sectional study on the correlation between the nutri-
tional status of patients and the clinical outcomes of 
common cancers in China.18

Participants
In the present study, consecutive patients at numerous 
tertiary hospitals in different regions of China were 
offered study entry. All patients who were patho-
logically diagnosed with cancer and were explicitly 
admitted for cancer treatment (surgery, radiotherapy, 
chemotherapy or other anticancer therapy) were 
eligible to be included in the INSCOC cohort between 
June 2012 and August 2016.

Methods
A flow chart of the study is shown in figure 1. All 
patients who presented to the oncology centres were 

Figure 1 A flow chart showing the analyses performed. INSCOC, Investigation on Nutritional Status and its Clinical Outcomes of 
Common Cancers; ROC, receiver operating characteristic; PG- SGA, patient- generatedsubjective global assessment.
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interviewed by trained personnel and asked to answer 
a formatted questionnaire, including the PG- SGA. 
During a face- to- face interview, participants were 
asked questions about their demographics, selected 
lifestyle factors, medical history, treatment, and were 
given various questionnaires, including the PG- SGA. 
A medical history was taken and a physical exam-
ination was performed. The anthropometric and 
biochemical characteristics of subjects were provided 
by some centres that also obtained the results of a body 
composition analysis. All of the patients were classi-
fied into one of the following groups: PG- SGA Score 
0–1, PG- SGA Score 2–3, PG- SGA Score 4–8, PG- SGA 
Score ≥9.16

Based on the consensus definition of cachexia,12 
cachexia should only be diagnosed in the presence 
of weight loss ≥5% within the last 12 months if at 
least three of the following five conditions are iden-
tified: decreased muscle strength, fatigue, anorexia, 
low Fat- Free Mass Index (FFMI) and abnormal labo-
ratory biochemistry findings (increased inflamma-
tory markers, anaemia and low serum albumin).12 In 
order to diminish the potential for confounding due 
to differences in observed personal characteristics, 
sex- matched and age- matched patients with cancer 
without cachexia were selected as controls.

Statistical analysis
The quantitative data were presented as the means and 
SDs, and qualitative data were expressed as percent-
ages. Differences in mean values were tested with a 
one- way analysis of variance and a paired or inde-
pendent t- test, depending on the comparison groups. 
Differences in qualitative data were assessed using a 
χ2 test. The graphics were generated with the ggplot2 
software package. The PG- SGA Scores were compared 
with the diagnosis of cancer cachexia. For the discrim-
inant analysis, receiver operating characteristic (ROC) 
curves were calculated. A quadratic discriminant anal-
ysis was conducted among the four groups stratified by 
PG- SGA to predict cachexia.

All statistical analyses were performed with IBM 
SPSS Statistics V.19 (SPSS, Chicago, Illinois, USA). 
Significance was considered to be present for values of 
p<0.05 for all tests.

RESULTS
Table 1 outlines the number of participants classi-
fied by different cancers. A total of 4231 patients 
with cancer were included in this analysis. The most 
common cancer diagnosis was lung cancer (1179, 
27.9%), followed by breast cancer (942, 22.3%). Using 
the established definition of cachexia,12 351 patients 
(8.3%) were diagnosed with cancer cachexia, which 
a high incidence of cachexia observed in patients 
with pancreatic cancer (32.5%), oesophageal cancer 
(21.5%) and gastric cancer (17.9%). All but four of 
the patients with cachexia were able to be matched 

to a same- age patient without cachexia, to obtain a 
matched sample of 794 patients with cancer.

The results of a comparison of the clinical character-
istics between the non- cachexia and cachexia groups 
are shown in table 2. As expected, the patients with 
cachexia had a significantly lower body mass index 
(BMI) (18.90±2.61 kg/m2 vs 23.77±3.38 kg/m2, 
p<0.05), FFMI (41.38±6.74 kg vs 46.12±8.44 kg, 
p<0.05) and hand grip strength (18.84±7.02 kg 
vs 24.83±9.68 kg, p<0.05) than the group of 
patients without cachexia. Patients with cachexia 
also had lower total protein (61.84±7.85 g/L vs 
66.66±7.10 g/L, p<0.05), prealbumin (0.19±0.19 g/L 
vs 0.23±0.23 g/L, p<0.05), albumin (35.15±5.72 g/L 
vs 39.28±5.16 g/L, p<0.05) and haemoglobin 
(106.23±23.86 g/L vs 121.27±22.70 g/L, p<0.05) 
levels, and a poorer Karnofsky performance status 
(79.23±15.76 vs 88.93±10.11, p<0.05) when 
compared with patients with cancer without cachexia. 
On the other hand, the patients in the non- cachexia 
group had a significantly lower C reactive protein 
level and PG- SGA Score than the patients with cancer 
with cachexia (16.83±32.76 g/L vs 33.63±43.61 g/L, 
p<0.05 and4.71±3.71 vs 10.87±4.84, p<0.05, 
respectively). Of note, compared between matched 
non- cachexia group and matched cachexia group, 
there was a significant difference in the height between 
the groups (162.53±7.99 cm vs 164.03±7.61 cm, 
p<0.05), while there was no significant difference 
in FFMI between the patients with cancer with and 
without cachexia (table 2).

As shown in table 3, we separated all patients into 
four groups based on the PG- SGA Score and compared 
the patients with and without cachexia. A total of 
236 patients with cancer with cachexia (67.2%) had 
a PG- SGA Score ≥9, while 317 patients with cancer 
with cachexia (90.3%) had a PG- SGA Score ≥4, 
and were classified as having moderate or severe 

Table 1 Numbers of participants with different cancers 
evaluated in this study

Total 
population
(n=4231)

Non- cachexia
(n=3380, %)

Cachexia
(n=351, %)

Lung cancer 1179 1091 (92.5) 88 (7.5)
Breast cancer 942 916 (97.2) 26 (2.8)
Colorectal cancer 507 453 (89.3) 54 (10.7)
Gastric cancer 385 316 (82.1) 69 (17.9)
Cervical cancer 147 143 (97.3) 4 (2.7)
Liver cancer 142 137 (96.5) 5 (3.5)
Oesophageal cancer 121 95 (78.5) 26 (21.5)
Ovarian cancer 115 106 (92.2) 9 (7.8)
Pancreatic cancer 40 27 (67.5) 13 (32.5)
Nasopharyngeal 
carcinoma

24 21 (87.5) 3 (12.5)

Multiple cancers 42 35 (83.3) 7 (16.7)
Other cancers 587 540 (92.0) 47 (8.0)
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malnutrition. These values remained consistent in 
the matched sample after the four non- age- matched 
patients were removed (66.9% and 90.2%). In the 
matched patients without cachexia, only 85 patients 
(24.5%) had PG- SGA Scores ≥9, and only 215 (62%) 
had scores ≥4.

The sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) using 
different cut- offs for the PG- SGA are shown in table 4. 
According to the ROC curve, the best cut- off of the 
PG- SGA was 6.5, which had a sensitivity of 79.8% and 
a specificity of 72.3%, and the area under the ROC 
curve was 0.846 (95% CI 0.826 to 0.866, p<0.001) 
(figure 2). The PPV and NPV were 20.68% and 
97.53%, respectively.

DISCUSSION
The present study showed that pancreatic cancer 
(32.5%), oesophageal cancer (21.5%) and gastric 
cancer (17.9%) are associated with a high incidence of 
cachexia. Compared with patients without cachexia, 

patients with cancer with cachexia had a lower BMI, 
FFMI and hand grip strength, and a higher PG- SGA 
Score (4.71±3.71 vs 10.87±4.84, p<0.05). Impor-
tantly, PG- SGA was highly specific for screening 
patients with cancer for cachexia, because 90.3% 
patients with cancer with cachexia had a PG- SGA 
Score ≥4.

Approximately half of the patients with advanced- 
stage cancer had cachexia, and the incidence in 
patients with cancers of the upper digestive tract and 
pancreas was as high as 80%. Vaughan et al reported 
that 86% of their patients with cancer had cachexia 
in the last 1–2 weeks of life, and 45% of patients lost 
more than 10% of their body weight throughout the 
disease process.19 In addition to increasing morbidity 
and mortality, aggravating the side effects of chemo-
therapy, and reducing the quality of life for patients, 
cachexia is considered to be the immediate cause 
of death for an estimated 22%–40% of patients.20 
A report about the psychosocial impact of cancer 
cachexia by Hopkinson indicated that cancer cachexia 

Table 2 Comparison of the clinical characteristics between patients with and without cachexia, for both the full population and sex- 
matched and age- matched samples

Non- cachexia
(n=3380)

Cachexia
(n=351) Matched non- cachexia (n=347) Matched cachexia (n=347)

Height (cm) 163.99±8.04 164.06±7.57 162.53±7.99 164.03±7.61*
Weight (kg) 64.00±10.48 51.01±8.68* 53.13±7.90 51.08±8.68*
BMI (kg/m2) 23.77±3.38 18.90±2.61* 20.09±2.39 18.93±2.60*
FFMI (kg) 46.12±8.44 41.38±6.74* 41.97±7.30 41.41±6.75
Grip strength (kg) 24.83±9.68 18.84±7.02* 23.90±8.44 18.87±6.98*
TP (g/L) 66.66±7.10 61.84±7.85* 65.39±7.44 61.85±7.84*
PALB (g/L) 0.23±0.23 0.19±0.19* 0.22±0.27 0.19±0.19*
ALB (g/L) 39.28±5.16 35.15±5.72* 38.34±5.24 35.19±5.74*
Transferrin (g/L) 2.46±2.46 2.27±3.15 2,63±3.68 2.28±3.15
CRP (g/L) 16.83±32.76 33.63±43.61* 11.60±23.23 33.72±43.66*
WBC (g/L) 6.84±6.31 7.63±5.98 7.24±5.87 7.61±6.00
HGB (g/L) 121.27±22.70 106.23±23.86* 118.83±21.10 106.25±23.92*
PLT (g/L) 224.27±101.06 235.31±114.63 227.92±106.92 235.40±115.27
KPS 88.93±10.11 79.23±15.76* 87.06±10.31 79.60±15.33*
PG- SGA 4.71±3.71 10.87±4.84* 6.16±3.89 10.84±4.85*
Values are expressed as the means±SD.
*Values of p<0.05 were considered statistically significant.
ALB, albumin; BMI, body mass index; CRP, C reactive protein; FFMI, Fat- Free Mass Index; HGB, haemoglobin; KPS, Karnofsky performance status; PALB, 
prealbumin; PG- SGA, patient- generated subjective global assessment; PLT, platelets; TP, total protein; WBC, white blood cells.

Table 3 Numbers of participants in the non- cachexia and cachexia groups stratified by PG- SGA Score, for both the full population and 
sex- matched and age- matched samples

PG- SGA Score
Total population
(n=4231)

Non- cachexia
(n=3380, %)

Cachexia
(n=351, %) Matched non- cachexia (n=347, %) Matched cachexia (n=347, %)

0–1 890 886 (22.8) 4 (1.1) 35 (10.0) 4 (1.2)
2–3 1352 1322 (34.1) 30 (8.5) 97 (28.0) 30 (8.6)
4–8 1105 1024 (26.4) 81 (23.1) 130 (37.5) 81 (23.3)
≥9 884 648 (16.7) 236 (67.2) 85 (24.5) 232 (66.9)
PG- SGA, patient- generated subjective global assessment.
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had a major impact on the patients and their families, 
including pain, depression, anxiety and so on, and led 
to emotional conflict.21

The exact mechanism(s) by which these diseases 
cause cachexia is poorly understood, but it is likely 
that inflammatory cytokines, such as tumour necrosis 
factor- alpha, interferon- gamma and interleukin 6 (IL- 
6), as well as the tumour- secreted proteolysis- inducing 
factor,22 play a role. The treatment or management 
of cachexia depends on the underlying causes, the 
general prognosis and other individual factors. Primary 
disease control, nutritional intervention, inflammation 
control, immune regulation, metabolic conditioning, 
physical exercise and/or symptom- related therapy 
should all be provided if possible and acceptable.22

Effective treatment of cancer cachexia depends on 
early detection, with screening being the first step. It 
is necessary to carefully monitor for any involuntary 
loss of weight or reduction in food intake in the clin-
ical setting, because they can help with the early detec-
tion of cancer cachexia. According to clinical practice 
guidelines on cancer cachexia by the European Palli-
ative Care Research Collaborative, the assessment of 
signs and symptoms has to cover different dimensions 

Table 4 The sensitivity, specificity, PPV and NPV at different cut- off values

Cut- off Sensitivity, % Specificity, % PPV, % NPV, % ROC 95% CI P value

−1 100.00 0.00 8.30 100.00 0.846 0.826 to 0.866 <0.001
0.5 100.00 0.05 8.30 100.00
1.5 98.86 22.84 10.39 99.55
2.5 97.44 39.18 12.66 99.41
3.5 94.30 48.61 14.24 98.95
4.5 90.31 56.91 15.94 98.48
5.5 85.47 64.97 18.09 98.02
6.5 79.77 72.35 20.70 97.53
7.5 72.65 78.20 23.17 96.93
8.5 67.24 83.30 26.71 96.56
9.5 61.25 87.58 30.86 96.15

10.5 53.28 91.34 35.77 95.57
11.5 45.30 94.30 41.86 95.01
12.5 35.61 96.01 44.66 94.28
13.5 28.77 97.40 50.01 93.79
14.5 21.08 98.30 52.87 93.23
15.5 16.52 98.87 56.88 92.90
16.5 11.97 99.25 59.17 92.57
17.5 8.26 99.64 67.45 92.31
18.5 5.41 99.74 65.53 92.10
19.5 4.27 99.87 75.01 92.02
20.5 3.13 99.90 73.34 91.93
21.5 2.56 99.95 81.83 91.89
22.5 1.42 99.97 83.34 91.81
23.5 1.14 100.00 100.00 91.79
24.5 0.85 100.00 100.00 91.77
26 0.28 100.00 100.00 91.72
28 0.00 100.00 100.00 91.70
NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic.

Figure 2 Area under curves in predicting cachexia assessed 
by the PG- SGA Score. AUC, area under the receiver operating 
characteristic curve; PG- SGA, patient- generated subjective 
global assessment.
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of cachexia. A model with four dimensions has been 
proposed, including Storage, Intake, Potential and 
Performance.23 Any cachexia screening tool should 
include at least subjective symptoms, history, clinical 
examination, laboratory examination, activity moni-
toring and body composition analysis.23

There are two major definitions of cachexia that have 
been proposed. We chose to use the method described 
by Evans et al12 in the present study because it includes 
indicators of the inflammatory and metabolic status, 
unlike the method described by Fearon et al.24 In the 
present study, 351 patients (8.3% of all patients with 
cancer evaluated) were diagnosed as having cachexia 
according to the above definition.12 The diagnosis of 
cancer cachexia using simple diagnostic tools is essen-
tial, because the detection of lean muscle tissue is often 
impossible in developing countries. Even in countries 
where bioelectrical impedance analysis is readily avail-
able, performing an initial screen for cachexia and 
then evaluating the body composition for the high- 
risk group would provide better resource utilisation. 
Although calculating the BMI is an easy and low- cost 
method for providing an initial assessment, it often 
does not reflect the real nutritional status because it 
cannot distinguish lean muscle from fat mass. The 
BMI also does not consider recent weight loss, which 
is included in the PG- SGA.

The PG- SGA is a non- invasive clinical instrument 
used to evaluate the nutritional status, and is the refer-
ence method for assessing the nutritional status of 
patients with cancer recommended by expert groups, 
such as the Oncology Nutrition Dietetic Practice 
Group of the ADA, American Society of Parenteral and 
Enteral Nutrition, and the European Society for Clin-
ical Nutrition and Metabolism. The PG- SGA is also 
the most complete method for nutritional assessment, 
because it simultaneously evaluates relevant prog-
nostic aspects for patients with advanced cancer, such 
as changes in body weight, food intake, symptoms that 
might impact nutrition, the performance status and 
the results of a physical examination.16 25–27 A recent 
study showed that the scored PG- SGA was an indepen-
dent prognostic factor for survival, and thus could be 
a useful tool for evaluating nutrition during palliative 
care.28

It is well known that cancer cachexia can increase 
treatment- related toxicity, aggravate the symptom 
burden, worsen the quality of life and shorten 
survival times for patients. A PG- SGA Score ≥9 is 
frequently used to indicate a critical need for improved 
symptom management and/or nutritional interven-
tion.29 30 Nevertheless, in our study, using a cut- off 
for the PG- SGA Score ≥6.5 provided 79.8% sensi-
tivity and 72.3% specificity, while using a cut- off of 
7.5 provided 72.7% sensitivity and 78.2% specificity 
(table 4). Our results suggest that defining the cut- off 
point ≥6.5 might be suitable in clinical practice for 
diagnosing cancer cachexia.

Zhou et al31 recently developed and validated a clin-
ically applicable scoring system to classify cachexia 
stages in patients with advanced cancer, which 
comprises the following five components: weight loss, 
a simple questionnaire about sarcopenia, the Eastern 
Cooperative Oncology Group status, appetite loss and 
abnormal biochemistry.The cachexia staging score is a 
clinically applicable tool with excellent discrimination 
for classifying cachexia stages. However, as a screening 
or assessment tool, it is too complex and requires too 
much time to complete.

The PG- SGA is a simple- to- use tool that is recom-
mended by several professional nutrition associations 
worldwide. The purpose of this study was to evaluate if 
the PG- SGA can be used as a screening tool for cancer 
cachexia. The results showed that the sensitivity, speci-
ficity and NPV were all good. Because of the low prev-
alence of cancer cachexia, the PPV is not very high. 
However, a low PPV is acceptable for early screening, 
especially for cachexia, which can cause great harm to 
patients with cancer, and because overtreatment for 
cachexia is unlikely to result in adverse effects for the 
patient.

There are some limitations that exist in our study. 
First, our study was conducted in patients with many 
different cancers. Because the incidence of cancer 
cachexia varies based on the cancer type, there might 
be some cancer types where it is not practical to use 
PG- SGA. Second, although we suggest that PG- SGA 
can be used as a tool to screen patients for cancer 
cachexia, a subsequent evaluation will be needed, 
because PG- SGA cannot be effectively used to define 
the extent of cachexia. It might be useful to employ 
PG- SGA as an initial screening tool, and then subse-
quently use the tool developed by Zhou et al31 to clas-
sify the extent of cachexia.

In conclusion, patients with pancreatic, oesoph-
ageal and gastric cancers had the highest incidence 
of cachexia. Patients with cachexia had a worse 
nutritional status based on BMI, hand grip strength, 
albumin, prealbumin and PG- SGA Score. We suggest 
that PG- SGA can be used as a screening tool in the 
early diagnosis of cancer cachexia to help minimise the 
adverse impact of this syndrome by allowing prompt 
intervention.
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