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Background: We aimed to compare the performance of established inflammation and nutrition-based
prognostic indices with a relatively novel index ‘mid-upper arm circumference (MUAC)’ in outpatients with
advanced cancer.

Methods: This study was a secondary analysis of a prospective cohort study that enrolled 200 outpatients
with advanced cancer visiting a medical oncology clinic at a tertiary hospital. All patients were followed until
death, and the Glasgow Prognostic Score (GPS), modified GPS (mGPS), Prognostic Nutritional Index (PNT),
neutrophil/lymphocyte ratio (NLR), C-reactive protein/albumin ratio (CAR), and MUAC were compared
by calculating the area under the receiver operating characteristic curves (AUROC:).

Results: The mean age of the patients was 64.4 years, 64.0% were male, and the median overall survival
was 32.4 weeks [95% confidence interval (CI): 5.6-142.7]. Overall, all indices showed similarly high
AUROC: for estimating 12-week (0.68 to 0.75) and 24-week survival (0.67 to 0.74). When confined to the
GPS, mGPS, and MUAC, the AUROC: for 12-week survival were 0.75 (95% CI: 0.66-0.82), 0.74 (95%
CI: 0.65-0.82), and 0.72 (95% CI: 0.64-0.79), respectively. For 24-week survival, the AUROCs were 0.70
(95% CI: 0.62-0.76), 0.67 (95% CI: 0.60-0.74), and 0.72 (95% CI: 0.64-0.79), respectively. MUAC had the
highest specificity for estimating 12-week survival (86.0%), while GPS showed the highest sensitivity for
estimating 12-week survival (81.1%).

Conclusions: Inflammation and nutrition-based prognostic indices showed similar acceptable accuracies
in estimating the 12- and 24-week survival of oncology outpatients. Notably, a simple and non-invasive index
MUAC, showed comparable performance with established indices including GPS and mGPS.
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Introduction

Cancer cachexia is defined as ‘a multifactorial syndrome
characterized by an ongoing loss of skeletal muscle mass
(with or without loss of fat mass) that cannot be reversed by
conventional nutritional support and leads to progressive
functional decline’ in patients with advanced cancer (1).
Although cachexia is often defined by involuntary weight
loss, not all cachexic patients experience weight loss, and
skeletal muscle depletion is a strong weight-independent
prognostic factor (2,3). There is growing evidence that a
systemic inflammatory response is a major factor of muscle
wasting and functional decline in patients with cachexia
(4-8). One of the sensitive measures of the systemic
inflammatory response is C-reactive protein (CRP), and
various studies have demonstrated the prognostic value
of CRP in patients with cancer (9-11). The Glasgow
Prognostic Score (GPS) and modified GPS (mGPS) are the
most widely studied inflammation-based prognostic indices
incorporating CRP (12-15). These indices simply combine
CRP level and albumin level to predict prognosis. In GPS,
which was originally derived from inoperable non-small-
cell lung cancer (NSCLC) patients with a median survival
of approximately 12 months, patients with both an elevated
CRP (>1.0 mg/dL) and hypoalbuminemia (<3.5 g/dL) are
allocated a score of 2, whereas patients with a low CRP
(1.0 mg/dL) and normal albumin (>3.5 g/dL) are
assigned a score of 0 (12,13). Patients with only one of
these abnormalities are scored 1. GPS was modified
to mGPS after a further study, which showed that
hypoalbuminemia without an elevated CRP was rare and
that hypoalbuminemia itself was not associated with poor
survival (14). However, this study investigated operable
colorectal cancer patients with years of survival. Although
both GPS and mGPS are considered strong prognostic
factors along with performance status in advanced cancer
patients with months of survival (13,15-17), only one study
directly compared the performance of GPS to that of
mGPS (18). In that study, hypoalbuminemia was associated
with poorer survival in patients with operable or inoperable
NSCLC, and GPS was superior to mGPS in predicting
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survival, especially in patients with inoperable NSCLC.

Other inflammation and nutrition-based prognostic
indices that incorporate hematological components have
also been widely investigated. These indices include
the Prognostic Nutritional Index (PNI), neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio
(PLR), and Prognostic Index (PI) (19-24). In the Glasgow
Inflammation Outcome Study, the investigators compared
the performance of mGPS, NLR, PLR, PI, and PNI in
more than twenty-seven thousand patients with cancer. The
mGPS demonstrated the greatest area under the receiver
operating characteristic curve (AUROC) (25). However,
this study included all types of cancer regardless of stage,
thus, it is unclear which indices are superior in patients with
advanced cancer.

Recently, the CRP/albumin ratio (CAR) has been reported
to be related to poor outcomes in various types of cancer
(26-29). The prognostic value of the CAR was also explored
in advanced cancer patients receiving palliative care (30,31).
Recently, our group reported that a simple anthropometric
measure, ‘mid-upper arm circumference (MUAC)’, is an
independent prognostic factor that can estimate 3-month
survival in medical oncology outpatients (32).

The objective of this study was to compare the
performance of known inflammation and nutrition-based
prognostic indices with MUAC, which is also a well-known,
but a relatively novel prognostic factor for advanced cancer
(32,33), in oncology outpatients having an expected survival
of less than a year. In particular, we focused on comparing
the GPS, mGPS and MUAC. We have hypothesized that
MUAC will show comparable performance with GPS/
mGPS. GPS/mGPS were chosen because they have distinct
cutoff points and are the most well-established inflammation
and nutrition-based prognostic indices. Both GPS and
mGPS were included because it is still not well-established
which index shows better performance in patients with
advanced cancer. We present the following article in
accordance with the STARD reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
22-481/rc).
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Methods
Patients

This study was part of a prospective cohort study that
enrolled 200 patients with advanced cancer at a tertiary
cancer center from March 2016 to January 2019 (32). In
brief, patients were deemed eligible if their oncologists
estimated their survival to be less than a year. All patients
were 18 years of age or older and were diagnosed with
advanced cancer. We defined advanced cancer as metastatic
or recurrent disease or progressive locally advanced
disease for which curative treatment was not possible.
Major exclusion criteria were patients with hematologic
malignancies, patients with an expected survival of less
than 1 month, and patients unable to communicate. The
study was conducted in accordance with the Declaration
of Helsinki as revised in 2013. Written informed consent
was obtained from each patient prior to enrollment. The
protocol was approved by the Institutional Review Board
(IRB) of Seoul National University Bundang Hospital (No.
B-1601/332-302).

Prognostic indices

Demographic data and clinical information were obtained
from the electronic medical records. All patients went
through routine blood tests after enrollment. Patients were
assessed by the Eastern Cooperative Oncology Group
(ECOG) performance status and a trained registered
nurse measured the MUAC of each patient at the time
of enrollment. The circumference of the upper arm was
measured at the midpoint between the acromial process of
the scapula and the olecranon process of the ulna.

Inflammation and nutrition-based prognostic indices
including GPS, mGPS, PNI, NLR, and CAR were
calculated for each patient. Based on previous studies, GPS
was calculated as follows: CRP <1.0 mg/dL and albumin
>3.5 g/dL =0; CRP >1.0 mg/dL or albumin <3.5 g/dL =1;
CRP >1.0 mg/dL and albumin <3.5 g/dL =2 (11). mGPS
was calculated as follows: CRP <1.0 mg/dL =0; CRP
>1.0 mg/dL and albumin >3.5 g/dL =1; CRP >1.0 mg/dL and
albumin <3.5 g/dL =2 (12). PNI was calculated as 10 x albumin
(g/dL) + 0.005 x lymphocyte (/mm’) (17). NLR was defined
as the division of neutrophil count by lymphocyte count
and CAR was defined as the division of CRP by albumin
level (20-22,26-31).
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Statistical analysis

Patient characteristics, laboratory results, and prognostic indices
were summarized using descriptive statistics. The sample size of
200 was determined based on Harrell’s study (34). Survival time
was calculated using the Kaplan-Meier method. Overall
survival was defined as the time from enrollment to the time
of death. Alive patients were dealt as with censored cases
at the last follow-up. Univariate analyses were performed
to identify significant prognostic factors using the log-rank
test. The discriminatory ability of the prognostic indices
for estimating 12- and 24-week survival was measured
using the AUROC. We calculated the sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), AUROC, and hazard ratio (HR) to compare the
performance of GPS, mGPS, and MUAC. The cutoff
points of MUAC were determined according to the
Youden’s index (35). All tests were two-sided and a P value
<0.05 was considered significant. Confidence intervals (Cls)
were calculated at the 95% confidence level. JMP version
14 for Windows (SAS Institute Inc., Cary, NC, USA) was

used for all statistical analysis.

Results

In total, 200 ambulatory patients with advanced cancer were
included in this study, all outpatients of medical oncology
clinics. Baseline characteristics and laboratory results are
summarized in 7able 1. With a median follow-up period of
33 weeks, 159 (79.5%) patients died, and the median overall
survival time was 32.4 weeks (95% CI: 5.6-142.7).

Table 2 shows the calculated or measured scores of
prognostic indices. The number of patients with GPS scores
of 0, 1, and 2 were 103 (51.8%), 54 (27.1%), and 42 (21.1%),
respectively. For the mGPS, the numbers of patients with
scores of 0, 1, and 2 were 115 (57.8%), 42 21.1%), and 42
(21.1%), respectively. The median values of PNI, NLR, and
CAR were 43.81, 3.23, and 0.23, respectively. The median
value of MUAC was 26.5 (range, 14-39) cm. Figure 1 shows
the distribution of MUAC.

The AUROC for estimating 12- and 24-week survival
was similarly high for all indices analyzed (7able 3). The
AUROC:s for estimating 12-week survival and 24-week
survival with GPS, mGPS, PNI, NLR, CAR, and MUAC,
were between 0.68 and 0.77, and 0.67 and 0.74, respectively.

The sensitivity, specificity, PPV, NPV, AUROC, and
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Table 1 The characteristics of the participating patients (n=200)

Table 1 (continued)

Characteristics Values
Uric acid (mg/dL) 4.9 [4.2-6.0]
CRP (mg/dL) 0.89 [0.3-2.7]
BUN (mg/dL) 15 [11-19]
Creatinine (mg/dL) 0.8 [0.6-1.1]

MUAC, cm (mean + SD) 26.5+3.8

Mortality at last follow-up, n (%) 159 (79.5)

Median survival time, weeks (95% Cl)

32.4 (5.6-142.7)

SD, standard deviation; ECOG, Eastern Cooperative Oncology
Group; WBC, white blood cell; AST, aspartate transaminase;
ALT, alanine transaminase; LDH, lactate dehydrogenase; CRP,
C-reactive protein; BUN, blood urea nitrogen; MUAC, mid-upper
arm circumference; Cl, confidence interval.

Characteristics Values
Age, years (mean + SD) 64.4+11.6
Sex, n (%)
Male 128 (64.0)
Female 72 (36.0)
Primary cancer site, n (%)
Lung 67 (33.5)
Kidney/bladder/prostate/testis 29 (14.5)
Colon/rectum 28 (14.0)
Stomach 20 (10.0)
Breast 18 (9.0)
Soft tissue 6 (3.0)
Esophagus 5(2.5)
Ovary/cervix 4 (2.0)
Liver/biliary-tract 4 (2.0)
Pancreas 4 (2.0)
Head/neck 4 (2.0)
Others 11 (5.5)
Undergoing chemotherapy (yes), n (%) 131 (65.5)
ECOG performance status, n (%)
0 7 (3.5)
1 125 (62.5)
2 55 (27.5)
3 13 (6.5)
4 0(0.0)

Laboratory result, median [Q1-Q3]
WBC (/pL)
Hemoglobin (g/dL)
Platelet (x10%/pL)
Neutrophil (%)
Lymphocyte (%)
Total bilirubin (mg/dL)
Albumin (mg/dL)
AST (IU/L)

ALT (IU/L)
LDH (IU/L)

6,045 [4,300-8,250]
11.0[9.8-12.2]
240.5 [176.3-315.3]
65.8 [56.9-74.0]
20.65 [14.8-29.0]
0.5 [0.4-0.7]
3.8 [3.4-4.1]

25 [20.0-36.8]
19 [13-27]

222 [179-286]

Table 2 The distribution and prevalence of GPS, mGPS, PNI,

NLR, CAR and MUAC

Prognostic indices

Values

GPS'
CRP <1.0 mg/dL and Alb =3.5 g/dL
CRP >1.0 mg/dL or Alb <3.5 g/dL
CRP >1.0 mg/dL and Alb <3.5 g/dL
mGPS'
CRP <1.0 mg/dL and Alb =3.5 g/dL
CRP <1.0 mg/dL and Alb <3.5 g/dL
CRP >1.0 mg/dL and Alb =3.5 g/dL
CRP >1.0 mg/dL and Alb <3.5 g/dL

0 [0-1]
103 (51.8%)
54 (27.1%)
42 (21.1%)

1 [0-1]
103 (51.8%)

12 (6.0%)

42 (21.1%)
42 (21.1%)

PNI* 43.81[39.04-47.85]
NLR 3.23 [1.96-5.08]
CAR 0.23 [0.08-0.74]
MUAC, cm 26.50 [24.00-28.75]

Table 1 (continued)

© Annals of Palliative Medicine. All rights reserved.

Data are presented as median [Q1-Q3] or n (%). T, missing value
(n=1); ¥, PNI = 10 x albumin (g/dL) + 0.005 x lymphocyte (/mm°).
GPS, Glasgow Prognostic Score; mGPS, modified Glasgow
Prognostic Score; PNI, Prognostic Nutritional Index; NLR,
neutrophil/lymphocyte ratio; CAR, C-reactive protein/albumin ratio;
MUAC, mid-upper arm circumference; CRP, C-reactive protein;
Alb, serum albumin.
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HR were calculated to compare the performance of GPS,
mGPS, and MUAC, for estimating 12- and 24-week survival
(Table 4). Both the median and mean values of MUAC
were 26.5 [standard deviation (SD) 3.8; range, 14-39] cm,
and the cutoff points according to the Youden’s index were
23.0 cm for 12-week survival and 24.5 cm for 24-week
survival. The AUROCs of GPS, mGPS, and MUAC for
estimating 12-week survival were 0.75 (95% CI: 0.66-0.82),
0.74 (95% CI: 0.65-0.82), and 0.72 (95% CI: 0.64-0.79),
respectively. For 24-week survival, the AUROCs were
0.70 (95% CI: 0.62-0.76), 0.67 (95% CI: 0.60-0.74), and
0.72 (95% CI: 0.64-0.79), respectively. The specificity
was highest for estimating 12-week survival with MUAC
(86.0%) and the sensitivity was highest for estimating

Table 3 Comparison of 12- and 24-week AUROC: of inflammation and nutrition-based prognostic indices

Prognostic indices

AUROC for 12-week survival (95% Cl)

AUROC for 24-week survival (95% ClI)

GPS 0.75 (0.66-0.82)
mGPS 0.74 (0.65-0.82)
PNI 0.74 (0.62-0.82)
NLR 0.68 (0.57-0.77)
CAR 0.77 (0.68-0.84)
MUAC 0.71 (0.60-0.80)

0.70 (0.62-0.76)
0.67 (0.60-0.74)
0.71 (0.63-0.78)
0.67 (0.58-0.74)
0.74 (0.67-0.80)
0.72 (0.64-0.79)

AUROCs, area under the receiver operating characteristic curves; Cl, confidence interval; GPS, Glasgow Prognostic Score; mGPS,
modified Glasgow Prognostic Score; PNI, Prognostic Nutritional Index; NLR, neutrophil/lymphocyte ratio; CAR, C-reactive protein/albumin

ratio; MUAC, mid-upper arm circumference.

Table 4 Performance and AUROC:s of GPS, mGPS and MUAC for 12- and 24-week survival

:r:::e Pri(r’]g?cc’:sﬁc s;‘lt:tf; Prevalence' (%) Se”(f/i:;"ity Spe(ﬁ/:c;dty PPV (%) NPV (%) AUROC (95% Cl) HR (95% CI)
12-week  GPS 1 157/199 (78.9) 81.1 59.3 31.3 932  0.75(0.66-0.82) 2.25 (1.59-3.20)
mGPS 1 157/199 (78.9) 75.7 65.4 33.3 90.6  0.74(0.65-0.82) 2.25 (1.59-3.20)
MUAC 230  40/193 (20.7) 50.0 86.0 45.0 88.2  0.71(0.60-0.80) 2.33 (1.62-3.34)
24-week  GPS 1 157/199 (78.9) 69.7 65.0 55.2 777 0.70(0.62-0.76) 2.25 (1.59-3.20)
mGPS 1 157/199 (78.9) 60.5 69.1 54.8 73.9  0.67 (0.60-0.74) 2.25 (1.59-3.20)
MUAC 245  59/193 (30.6) 52.7 83.2 66.1 73.9  0.72(0.64-0.79) 1.63 (1.19-2.23)

T, prevalence is defined death events in each time frame per study population. AUROCS, area under the receiver operating characteristic
curves; GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score; MUAC, mid-upper arm circumference; PPV, positive

predictive value; NPV, negative predictive value; Cl, confidence interval; HR, hazard ratio.

© Annals of Palliative Medicine. All rights reserved.

Ann Palliat Med 2022;11(10):3171-3180 | https://dx.doi.org/10.21037/apm-22-481



3176
A
2
e
5]
Q
[
S
©
=
>
5
(]
OO T T T T T
0 200 400 600 800 1000 1200
Survival time, days
C 1o
0.8 —=<23.0
2
= —>23.0
S 0.6
[<
a
© 04 1 P<0.01
2
<
3
9N 0.2 4
0.0 T T T T T "
0 200 400 600 800 1000 1200

Survival time, days

Kim et al. Comparison of inflammation/nutrition-based prognostic indices

B 10

0.8 -

0.6 -

0.4

Survival probability

0.2 A

0.0 Y T T T T T T T T T '
0 200 400 600 800 1000 1200
Survival time, days

v
=

0.8 - —<24.5

—>24.5

P<0.01

0.6 -

0.4 -

Survival probability

0.2 A

0.0

T T T x
400 600 800 1000 1200
Survival time, days

—
0 200

Figure 2 Kaplan-Meier survival curves for GPS, mGPS, and MUAC. (A) Survival according to GPS. (B) Survival according to mGPS. (C)
Survival according to MUAC (cutoff =23.0 cm). (D) Survival according to MUAC (cutoff =24.5 cm). P value was driven by log-rank test.
GPS, Glasgow Prognostic Score; mGPS, modified Glasgow Prognostic Score; MUAC, mid-upper arm circumference.

12-week survival with GPS (81.1%). There were no
significant differences between the AUROCs of GPS,
mGPS and MUAC. Kaplan-Meier survival curves for GPS,
mGPS, and MUAC all showed statistically significant
survival differences (Figure 2).

Discussion

We found that inflammation and nutrition-based prognostic
indices showed similar accuracies in estimating 12- and
24-week survival of medical oncology outpatients in
this secondary analysis of a prospective cohort study.
Interestingly, a relatively novel prognostic factor for
advanced cancer patients, MUAC, showed comparable
performance with GPS and mGPS.

Multiple prognostic models have been developed for
patients with advanced cancer. GPS was initially developed
from patients with inoperable NSCLC with an expected
survival of approximately one year (12,13). It is the length
of survival of the population that differentiated GPS from
most of the prognostic models that have been derived

© Annals of Palliative Medicine. All rights reserved.

from terminally ill patients with weeks of survival. Our
study investigated ambulatory patients with expected
survival of less than a year, which was similar to the original
population of the GPS. Other prognostic indices such as
mGPS, PNI, NLR, and CAR have been studied in various
stages of cancer encompassing operable, inoperable,
and terminally ill patients (14,15,19-21,25-31). All these
indices showed comparable performance in our study
in terms of AUROC:s for estimating 12- and 24-week
survival. It is surprising when we consider that these indices
were originally developed from patients with different
survival times other than one year. MUAC also showed
high AUROC:s of 0.71 and 0.72 for estimating 12- and
24-week survival, respectively. Notably, GPS showed the
highest sensitivity for estimating 12-week survival, while
MUAC had the highest specificity for estimating 12-week
survival. Clinicians can select indices with high sensitivity
for screening patients for palliative care referral. Thus,
GPS can be used as prognostic information in advance care
planning conversations. Higher specificity of MUAC would
be useful for clinicians to communicate with patients and
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families with more evidence. For instance, patients with
higher MUAC levels may live longer than 12 weeks. This
information will be helpful for patients to reallocate their
resources, such as business and leave, in the end-of-life
period.

It was reported decades ago that elevated resting
energy expenditure and weight loss in advanced cancer are
associated with the presence of a systemic inflammatory
response (36,37). CRP is the most commonly used marker
to measure the magnitude of the systemic inflammatory
response, because of its sensitivity, specificity, and
reproducibility. Decreased albumin concentrations were
found to be related to decreased body cell mass and
the systemic inflammatory response (15). GPS/mGPS
was developed based on the observation of this inverse
relationship between CRP concentrations and albumin
concentrations across various tumor types (38). A high
mGPS was independently associated with a low skeletal
muscle density and hand grip strength test failure in a
recent study that enrolled 523 patients with advanced
cancer (39). Previously, our group studied MUAC as a
surrogate marker of muscle depletion, and demonstrated
the prognostic significance of MUAC in advanced cancer
patients (32). In that study, we proved that MUAC is a
significant prognostic factor to estimate 3-month survival
in medical oncology outpatients. In the present study, the
MUAC showed comparable performance with GPS/mGPS.
MUAC is simple and objective, making it easy for clinicians
to use it in everyday clinical practice. It neither requires
equipment nor invasive blood sampling. With a tapeline,
caregivers at home can report the MUAC of patients by
simple training. It would be helpful to monitor patients
with advanced cancer when their functional status declines
rapidly. We believe that MUAC is a useful alternative to
GPS/mGPS in medical oncology outpatients, with special
advantages in terms of simplicity and non-invasiveness.

In the present study, the performance of MUAC was
compared with GPS, mGPS, PNI, NLR, and CAR by use
of AUROC. The AUROC of CAR for estimating 12- and
24-week survival was numerically the highest among the
indices examined in our study. However, all 6 indices were
similarly accurate statistically. We compared MUAC with
GPS/mGPS because they have distinct cutoff points among
the 5 indices. In addition, GPS/mGPS are the most widely
investigated inflammation and nutrition-based prognostic
indices (15). However, the cutoff point of CRP was rather
arbitrarily defined in an earlier study testing prognostic
factors in 91 advanced cancer patients with weight
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loss (40). The cutoff point of albumin was also described
as ‘standard thresholds’ (12). GPS, mGPS and CAR utilize
CRP and albumin in common for scoring. Thus, we still
have to explore the best way to combine and explain the
results. Further studies are needed to define optimal cutoff
values of CRP, albumin, and MUAC by adopting artificial
intelligence and machine learning in a larger population.

Major limitations of our study include that MUAC is
not a widely validated prognostic factor in patients with
advanced cancer. Because MUAC is measured by humans,
there is a possibility of variability depending on the rater
and timing of measurements. It also requires a cutoff
point, which might be different across sex, age, ethnicity,
and other relevant parameters (41-43). We could not
standardize MUAC using an accepted criterion, since there
is no nationally standardized data for MUAC in South
Korea. In addition, the predictive capacity of MUAC for
survival may be directly linked to malnutrition. However,
independent nutritional assessment was not performed in
this study. Another limitation of our study is that our patient
population may be biased, as all patients were medical
oncology outpatients with relatively good performance
status. Finally, our study was conducted in a single tertiary
hospital in South Korea with a convenient sample approach,
which might be related to selection bias. Therefore, further
studies are required to validate our findings and define
optimal cutoff values.

Conclusions

In conclusion, inflammation and nutrition-based prognostic
indices including GPS, mGPS, PNI, NLR, CAR, and
MUAC showed similar performances in estimating the
12- and 24-week survival of medical oncology outpatients.
In particular, the AUROCs of MUAC were comparable to
those of GPS/mGPS. Considering the special advantages of
MUAC in terms of simplicity and non-invasiveness, it may
serve as a useful alternative measure to GPS/mGPS in the
care for patients with advanced cancer.
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