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Background: Recently, albumin–globulin ratio (AGR), a serological indicator that reflects
nutritional status and systemic inflammatory, has been reported to be associated with the
prognosis of various cancers. However, there is currently no research report on its
relationship with cancer cachexia.

Objectives: This study aimed to explore the prognostic value of AGR in patients with
cancer cachexia through a multicenter retrospective analysis.

Methods: We recruited 2,364 patients with cancer cachexia and randomly divided the
patients into training and validation cohorts at a ratio of 7:3. The optimal stratification
method was used to determine the optimal cutoff value of AGR. The survival curve was
evaluated by the Kaplan–Meier method. Cox regression proportional-hazards model was
used to determine independent prognostic factors in patients with cancer cachexia. The
time-dependent receiver operating characteristic curve was used to compare the
prognostic performance of different malnutrition evaluation tools.

Results: The optimal cutoff value of AGR is 1.24 in patients with cancer cachexia.
Increasing AGR was associated with survival in a dose–response manner with a forward
L-shape. Compared with the high AGR group, the low AGR group had a shorter overall
survival; and there was consistency in training and validation cohorts. In the stratified
analysis of TNM stage, AGR has good prognostic distinguishing ability for advanced
patients. Multivariate survival analysis determined that low AGR was an independent risk
factor affecting all-cause mortality in patients with cancer cachexia. In addition, compared
with other malnutrition evaluation tools, AGR could effectively stratify the prognosis of
patients with cancer cachexia.
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Conclusion: AGR was an independent prognostic factor affecting patients with cancer
cachexia, especially in advanced patients. Compared with other malnutrition evaluation
tools, AGR can effectively stratify the prognosis of patients with cancer cachexia.
Keywords: albumin–globulin ratio, prognostic, cachexia, inflammation, nutrition, cancer
INTRODUCTION

According to the World Health Organization (1), cancer is the
second leading cause of death globally and is responsible for about
10 million deaths per year. Globally, about one in six deaths is due
to cancer. In the past year, there were an estimated 19.3 million
new cancer cases and nearly 10 million cancer deaths worldwide
(2). In China, cancer is still one of the major killers affecting
national health. There are about 3.929 million new cancer cases
and 2.338 million cancer deaths every year, and the number is still
growing (3). Despite the development of cancer treatment
technologies such as surgery, chemoradiotherapy, and molecular
targeting, the survival of patients with cancer is still unsatisfactory.

Cancer cachexia, a destructive metabolic syndrome of cancer,
is one of the main causes of unsatisfactory outcomes in patients
with cancer. It has been reported that 50%~80% of patients with
cancer experience varying degrees of cancer cachexia, with an
even higher proportion in patients with advanced cancer (4).
Patients suffering from cancer cachexia are at increased risk of
death, especially patients with refractory cachexia. Argiles et al.
(5) estimated that deaths caused by cancer cachexia accounted
for approximately 20% of all cancer deaths. In addition, cancer
cachexia also limits the treatment options because it can enhance
the toxic side effects of radiotherapy-, chemotherapy-, and
molecular-targeted therapies. What makes people more
entangled is that chemotherapy can also induce cancer
cachexia, leading to a more serious vicious circle (6, 7).
Although it is widely accepted that cancer cachexia increases
mortality in patients, cancer cachexia has not yet been actively
treated. There is still a lack of effective markers to predict the
prognosis of cancer cachexia and to help select the best
intervention strategies, especially convenient, accessible, and
inexpensive serum markers.

In recent years, albumin–globulin ratio (AGR), a serological
indicator that reflects nutritional status and systemic inflammatory,
has been reported to be associated with the prognosis of various
cancers (8, 9). Because of its simplicity, cheapness, and easy
availability, AGR has attracted increasing attention. Serum
albumin (ALB) is not only the most common nutritional
indicator; some studies have also found that ALB was associated
with the activation of systemic inflammation during tumor
proliferation and invasion (10–12). In addition, hypoproteinemia
has been reported to be associated with poor prognosis of various
cancers (13, 14). Serum globulin (GLB), a proinflammatory protein
that contains a variety of inflammatory mediators, such as
chemokines, cytokines, and other small inflammatory proteins,
plays a vital role in immunity and inflammation (15, 16). Studies
have shown that local and systemic immune responses in cancer-
related inflammation are associated with an increase in these
2

inflammatory mediators (17, 18). Therefore, AGR, which
integrates nutritional and inflammatory status, is a potential
indicator for predicting the prognosis of patients with cancer
cachexia. So far, no studies have reported the relationship
between AGR and patients with cancer cachexia. Therefore, we
first conducted the large-scale multicenter retrospective study to
evaluate and validate the prognostic value of AGR in patients with
cancer cachexia.
MATERIAL AND METHODS

Study Population
The study included pathologically confirmed patients with cancer
from more than 40 clinical centers in China between June 2012
and December 2019. In this study, we screened patients strictly
according to the exclusion and inclusion criteria. Inclusion criteria
included the following: 1) patients who met the criteria for
diagnosis of cancer cachexia; 2) patients with complete and
available clinicopathological parameters; and 3) patients with
complete follow-up data. Exclusion criteria included the
following: 1) patients younger than 18 years; 2) patients with
obvious clinical evidence of infection or inflammation; 3) patients
who underwent organ transplantation; 4) pregnant women; and
5) patients admitted to the intensive care unit (ICU) at the
beginning of recruitment. The study was approved by the
institutional review boards of all participating institutions, and
all patients provided written informed consent.

Data Collection
We collected complete clinicopathological parameters by
consulting patients’ medical records. Basic information
included gender, age, height, weight, body mass index (BMI),
and family history of cancer. Comorbidities included
hypertension and diabetes. Life habits included smoking and
drinking. Cancer characteristics included cancer type and
tumor–node–metastasis (TNM) stage system. Malnutrition
evaluation tools included AGR, patient-generated subjective
global assessment (PG-SGA), handgrip strength (HGS),
Karnofsky Performance Status (KPS), and mid-arm
circumference (MAC). Other prognostic evaluation tools
included neutrophil–lymphocyte ratio (NLR) and platelet–
lymphocyte ratio (PLR). These are all collected in the research
baseline. Laboratory serological tests included neutrophil count,
lymphocyte count, platelet count, white blood cells (WBC),
serum total protein levels (TB), ALB, and GLB. All laboratory
serological tests were collected and tested within 1 week prior to
treatment. Treatment methods included surgery, radiotherapy,
and chemotherapy, which were collected during the follow-up.
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The TNM stage system was determined according to the 8th
edition staging criteria of the American Joint Committee on
Cancer (AJCC). The AGR was defined as serum albumin levels
(g/L)/serum globulin levels (g/L). The NLR was defined as
neutrophil count (109/L)/lymphocyte count (109/L). The PLR
was defined as platelet count (109/L)/lymphocyte count (109/L).

Cachexia Definition and Assessment
In 2011, Fearon et al. (19) proposed the definition and diagnostic
criteria of cancer cachexia in the International Consensus on
Cachexia, which has since been widely recognized. The cachexia
is defined as a multifactorial syndrome characterized by persistent
skeletal muscle loss (with or without adipose tissue loss) that
cannot be completely relieved by conventional nutritional support
and gradually leads to functional impairment. The diagnosis of
cancer cachexia mainly revolves around three aspects: weight loss,
BMI decline, and sarcopenia. The specific contents are as follows:
a) weight loss >5% over past 6 months (eliminate simple
starvation); b) BMI <20 and any degree of weight loss >2%; and
c) appendicular skeletal muscle index diagnosis of sarcopenia
(males <7.26 kg/m2; females <5.45 kg/m2) and any degree of
weight loss >2%. As long as one of the above is present, a patient
can be diagnosed with cachexia. In this study, patients with cancer
cachexia were screened strictly according to the criteria. In our
study, the appendicular skeletal muscle index was calculated based
on previous studies (20, 21).

Follow-Up
In this study, all patients were followed up regularly by telephone
or outpatient visits. Telephone follow-up mainly included
inquiries about survival and treatment, and outpatient follow-
up mainly included physical examination, blood test, and
imaging examination, as well as endoscopic examination when
necessary. The deadline for follow-up of this study was
September 30, 2019. The main outcome of this study was
overall survival (OS), which was defined as the time interval
between first diagnosis and death or last follow-up.

Statistical Analysis
Descriptive data conforming to a normal distribution are
presented as a mean [± standard deviation (SD)], otherwise as
a median (interquartile interval) or frequency (percentage).
Category variables were analyzed using either chi-square test
or Fisher’s exact test, and continuous variables were analyzed
using Student’s t-test. Restricted cubic spine function with 3
knots was performed to evaluate the effects for continuous AGR
on survival. Based on the survival status, the optimal
stratification method was used to determine the optimal cutoff
value of AGR. The survival curve was evaluated by the Kaplan–
Meier method, and the survival difference between the groups
was evaluated by the log-rank test. Univariate and multivariate
Cox regression proportional-hazards models were used to
determine independent prognostic factors in patients with
cancer cachexia. In addition, stratified analysis was used to
evaluate the relationship between AGR and all-cause mortality
in different subgroups, and the interaction was used to
investigate whether there was an association between AGR and
Frontiers in Oncology | www.frontiersin.org 3
different clinical parameters. We also use the quartile method
and continuous variable method to test the trend, and use the
Wald test to evaluate the statistical significance. The time-
dependent receiver operating characteristic (ROC) curve was
used to compare the prognostic performance of different
malnutrition evaluation tools. A p < 0.05 for both sides was
considered statistically significant. All statistical analyses were
performed using SPSS version 24.0 (IBM Corporation, Armonk,
NY, USA) and R version 3.5.3 (https://www.r-project.org/).
RESULTS

Distribution of Albumin–Globulin Ratio in
Patients With Cancer Cachexia
A total of 2,364 patients with cancer cachexia were enrolled. We
divided these populations into a training cohort (1,656 cases) and a
validation cohort (708 cases) using random sampling in a 7:3 ratio
(Figure 1). Table 1 shows the clinicopathological characteristics of
the training and validation populations. Most of the
clinicopathological characteristics were in good agreement
between the two cohorts. We compared the AGR level of patients
with and without cachexia among different cancer types, and the
results showed that the AGR levels were generally low in patients
with cachexia, especially in gastrointestinal cancers (Supplementary
Figure 1A). In addition, we explored the distribution of AGR in
patients with cancer cachexia through the restricted cubic spine
function. When AGR was analyzed as a continuous variable, there
was a dose–response relationship between AGR and survival with a
positive L-type (Figures 2A, B). With the increase of AGR, the OS
of patients gradually decreased. There was an obvious inflection
point between 1.2 and 1.4, and the survival rate of the patients
before this was significantly lower than that of the patients after. In
addition, we further determined the optimal cutoff value of AGR as
1.24 by using the optimal stratification method based on the
survival status, which was consistent with the results of the
restricted cubic spline plots (Supplementary Figure 2).

Characteristics of Clinical Baseline Data
Based on the cutoff value, there are 644 (38.89%) patients with
low AGR and 1,012 (61.11%) patients with high AGR in training
cohort. While in the validation cohort, there were 292 (41.24%)
patients with low AGR and 416 (58.76%) patients with high
AGR. Low AGR was associated with advanced age, low BMI, low
ALB, high GLB, high neutrophils, high WBC, high platelet, low
KPS, low MAC, high PG-SGA, and high EORTC QLQ-C30
(Table 2). Correlation analysis showed that BMI and HGS were
significantly positively correlated with AGR, while BMI and
MAC were weakly positively correlated with AGR. In addition,
age, NLR, PLR, and PG-SGA were significantly negatively
correlated with AGR, which showed good consistency in the
two cohorts (Supplementary Figures 3A, B). We also further
analyzed the relationship between AGR and tumor stage, and we
found that AGR gradually decreased with the progression of
tumor stage in both the training and validation cohorts
(Supplementary Figures 1B, C).
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Evaluation of the Prognostic Value of
Albumin–Globulin Ratio in Patients With
Cancer Cachexia
In the training cohort, the median follow-up time was 18.00
(0.03–81.05) months. At the last follow-up, a total of 754 patients
(45.53%) died, including 414 patients with low AGR and 340
patients with high AGR. Patients with low AGR had significantly
lower OS than those with high AGR (37.71% vs. 66.40%, p <
0.001) (Figure 3A). We also evaluated the reference AGR cutoff
value of 1.5. Patients with AGR <1.5 also had significantly lower
OS than those with high AGR (48.75% vs. 69.35%, p < 0.001)
(Figure 3C). It was worth noting that the survival curve with the
AGR cutoff value of 1.24 had a greater degree of opening and
closing than those with the reference cutoff value of 1.5. That is to
say, the AGR cutoff value of 1.24 was more effective for the
prognostic stratification of patients with cancer cachexia. We
also compared the survival rates of patients with low and high
AGRs in different cancers by Kaplan–Meier survival curve, and
the results showed that AGR can effectively stratify the prognosis
of patients with various cancers (Supplementary Figure 4). In
addition, we further performed a stratified analysis based on
TNM stage. For I–IV stage patients, the OS of the low AGR
group was significantly lower than that of the high AGR group
(Supplementary Figure 5A). In the univariate analysis, various
clinical characteristics were related to the prognosis of patients
with cancer cachexia, but multivariate analysis showed that only
Frontiers in Oncology | www.frontiersin.org 4
male, advanced age, advanced TNM stage, low AGR, no surgery,
high platelet, low KPS, low HGS, high PG-SGA, high EORTC
QLQ-C30 were independent risk factors affecting the prognosis
of patients with cancer cachexia (Supplementary Table 1,
training cohort). Moreover, the trend test showed that AGR
was an independent factor affecting the all-cause mortality of
patients with cancer cachexia in both classification and
continuous methods. Compared with the lowest quartile
(Q1: <1.115), quartile 2 (1.115–1.317), quartile 3 (1.317–1.524),
and quartile 4 (>1.524) were all negatively associated with poor
prognosis (ptrend < 0.001) (Table 3, training cohort).

Validation of the Prognostic Value of
Albumin–Globulin Ratio in Patients With
Cancer Cachexia
In the validation cohort, the median follow-up time was 19.2
(0.07–80.79) months. During the follow-up, a total of 336 (47.46%)
ofpatientsdied, including180patientswith lowAGRand156patients
with high AGR. Patients with AGR <1.24 had significantly lower OS
than those with AGR ≥1.24 (38.36% vs. 62.50%, p < 0.001)
(Figure 3B). Similarly, patients with reference AGR <1.5 also had
significantly lowerOS than thosewith referenceAGR≥1.5 (47.29% vs.
66.67%,p<0.001) (Figure3D). In the stratifiedanalysisofTNMstage,
for III–IVstagepatients,OSwas significantly lower in theAGR<1.24
group than in the AGR ≥1.24 group, while no significant difference
was observed in I–II stage patients (Supplementary Figure 5B).
FIGURE 1 | Study design.
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TABLE 1 | Demographics and clinicopathological characteristics of cachexia patients.

Characteristic Case n = 2,364 Training cohort n = 1,656 Validation cohort n = 708 p

Population characteristic
Gender, male, n (%) 1,379 (58.3%) 973 (58.8%) 406 (57.3%) 0.524
Age, years, mean (SD) 58.41 (12.15) 58.63 (11.79) 57.88 (12.94) 0.168
BMI, kg/m2, mean (SD) 20.88 (3.26) 20.88 (3.25) 20.88 (3.29) 0.993
SMI, kg/m2, median (IQR) 6.65 (1.56) 6.66 (1.6) 6.61 (1.49) 0.640
Family history, yes, n (%) 350 (14.8%) 243 (14.7%) 107 (15.1%) 0.783
Hypertension, yes, n (%) 385 (16.3%) 266 (16.1%) 119 (16.8%) 0.653
Diabetes, yes, n (%) 192 (8.1%) 122 (7.4%) 70 (9.9%) 0.040
Smoke, yes, n (%) 1,070 (45.3%) 751 (45.4%) 319 (45.1%) 0.895
Alcohol, yes, n (%) 535 (22.6%) 369 (22.3%) 166 (23.4%) 0.536
Clinical characteristic
Tumor type, yes, n (%)
Lung cancer 429 (18.1%) 307 (18.5%) 122 (17.2%) 0.450
Gastric cancer 504 (21.3%) 351 (21.2%) 153 (21.6%) 0.822
Esophagus cancer 216 (9.1%) 162 (9.8%) 54 (7.6%) 0.096
Colorectal cancer 610 (25.8%) 429 (25.9%) 181 (25.6%) 0.096
Hepatic-biliary-pancreatic cancer 177 (7.5%) 118 (7.1%) 59 (8.3%) 0.307
Gynecological cancer 176 (7.4%) 125 (7.5%) 51 (7.2%) 0.770
Breast cancer 126 (5.3%) 84 (5.1%) 42 (5.9%) 0.394
Other cancer 126 (5.3%) 83 (5.0%) 43 (6.1%) 0.293

TNM stage, n (%) 0.272
I 205 (8.7%) 140 (8.5%) 65 (9.2%)
II 492 (20.8%) 360 (21.7%) 132 (18.6%)
III 637 (26.9%) 433 (26.1%) 204 (28.8%)
IV 1,030 (43.6%) 723 (43.7%) 307 (43.4%)

Surgery, yes, n (%) 975 (41.2%) 661 (39.9%) 314 (44.4%) 0.045
Radiotherapy, yes, n (%) 146 (6.2%) 103 (6.2%) 43 (6.1%) 0.892
Chemotherapy, yes, n (%) 1,126 (47.6%) 787 (47.5%) 339 (47.9%) 0.873
Albumin, g/L, mean (SD) 37.35 (5.46) 37.37 (5.46) 37.31 (5.50) 0.796
Globulin, g/L, mean (SD) 29.22 (5.72) 29.16 (5.71) 29.37 (5.75) 0.402
AGR, ratio, mean (SD) 1.34 (0.71) 1.35 (0.82) 1.32 (0.33) 0.368
Neutrophil, 109/L, median (IQR) 4.02 (3.25) 4.02 (3.25) 4.01 (3.30) 0.890
Lymphocyte, 109/L, median (IQR) 1.35 (0.89) 1.34 (0.87) 1.37 (0.92) 0.388
WBC, 109/L, mean (SD) 7.23 (7.99) 7.32 (9.27) 7.01 (3.39) 0.378
Platelet, 109/L, median (IQR) 226.00 (118.75) 225.00 (116.00) 228.00 (128.25) 0.601
KPS, mean (SD) 82.87 (15.44) 82.72 (15.30) 83.23 (15.77) 0.456
MAC, cm, mean (SD) 24.98 (3.72) 24.94 (3.75) 25.06 (3.66) 0.453
HGS, kg, mean (SD) 23.38 (10.36) 23.47 (10.41) 23.19 (10.31) 0.537
PG-SGA, mean (SD) 7.43 (4.09) 7.43 (4.09) 7.42 (4.10) 0.971
EORTC QLQ-C30, mean (SD) 52.63 (11.40) 52.61 (11.55) 52.68 (11.55) 0.892
Frontiers in Oncology | www.frontiersin.org
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Data are represented as mean [standard deviation (SD)], median [interquartile range (IQR)], or number (%).
BMI, body mass index; KPS, Karnofsky Performance Status; AGR, albumin–globulin ratio; MAC, mid-arm circumference; HGS, handgrip strength; PG-SGA, patient-generated subjective
global assessment; SMI, skeletal muscle index; WBC, white blood cell.
A B

FIGURE 2 | The association between AGR (continuous) and hazard risk of overall survival in training cohort (A) and validation cohort (B). The splines were adjusted
by gender, age, BMI, TNM stage, surgery, radiotherapy, chemotherapy, family history, hypertension, diabetes, smoke, and alcohol. AGR, albumin–globulin ratio; BMI,
body mass index.
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Univariate and multivariate survival analyses showed that AGR
was an independent factor affecting the prognosis of patients with
cancer cachexia (SupplementaryTable 1, validation cohort). In the
trend test, after confounding parameters were adjusted, both the
multiple and continuous classifications of AGR were independent
factors affecting the prognosis of patients with cancer cachexia.
Concordantly, the hazard ratios for all-cause mortality decreased
progressively to 0.927 (0.697, 1.232), 0.678 (0.494, 0.930), and 0.622
(0.449, 0.862) when the AGR was divided into quartiles (ptrend =
0.010) (Table 3, validation cohort).

Stratified Analysis and Sensitive Analysis
Weperformeda stratifiedanalysis ofpotential influencing factors to
evaluate the relationship between AGR and all-cause mortality in
each subgroup (Supplementary Table 2). Overall, the association
between lowAGRand increased riskofdeathwas consistent in each
subgroup of patients with cancer cachexia. In addition, there were
interactions between AGR and age, cancer type, and ALB. We
further performed the combined survival analysis of AGR and
Frontiers in Oncology | www.frontiersin.org 6
interaction covariates. Whether in training cohort or validation
cohort (Supplementary Figures 7A, B), the combination of AGR
and interaction covariates could still have a good prognostic
cumulative effect, which could enhance the prognostic
stratification to a certain extent. Our research showed that AGR
canbeused topredict theprognosisofpatientswithcancer cachexia,
but sensitivity analysis of potential influencing factors was still
needed to assess the potential impact on the overall results. First,
we intercepted the 6-month short-term prognosis for a sensitivity
analysis.The results showedthatAGRhada strongpredictiveability
in predicting short-term outcomes in both training and validation
cohorts. Liver and immunediseases also have an impact onAGR, so
we also excluded patients with liver and immune disorders for a
sensitivity analysis. The results also revealed that AGR was an
independent prognostic factor affecting patients with cancer
cachexia. Finally, we excluded patients who died within 3 months.
It was still observed that the overall risk of death in patients with
cancer cachexia gradually decreased as the AGR increased
(Supplementary Tables 3 and 4).
TABLE 2 | Characteristic of the study patients with cancer cachexia stratified by AGR.

Characteristic Training cohort Validation cohort

AGR low n = 644 AGR high n = 1,012 p AGR low n = 292 AGR high n = 416 p

Population characteristic
Gender, male, n (%) 393 (61.0%) 580 (57.3%) 0.135 189 (64.7%) 217 (52.2%) <0.001
Age, years, mean (SD) 60.13 (12.00) 57.67 (11.57) <0.001 59.18 (13.06) 57.96 (12.79) 0.024
BMI, kg/m2, mean (SD) 20.41 (3.07) 21.18 (3.32) <0.001 20.50 (3.29) 21.14 (3.27) 0.010
Family history 106 (16.5%) 137 (13.5%) 0.101 45 (15.4%) 62 (14.9%) 0.853
Hypertension, yes, n (%) 111 (17.2%) 155 (15.3%) 0.300 56 (19.2%) 63 (15.1%) 0.158
Diabetes, yes, n (%) 56 (8.7%) 66 (6.5%) 0.099 36 (12.3%) 34 (8.2%) 0.068
Smoke, yes, n (%) 299 (46.4%) 452 (44.7%) 0.482 142 (48.6%) 177 (42.5%) 0.109
Alcohol, yes, n (%) 142 (22.0%) 227 (22.4%) 0.856 80 (27.4%) 86 (20.7%) 0.038
Clinical characteristic
Tumor type, yes, n (%) <0.001 <0.001
Lung cancer 143 (22.2%) 163 (16.1%) 69 (23.6%) 54 (13.0%)
Gastric cancer 116 (18.0%) 233 (23.0%) 49 (16.8%) 106 (25.5%)
Esophagus cancer 62 (9.6%) 100 (9.9%) 27 (9.2%) 27 (6.5%)
Colorectal cancer 159 (24.7%) 270 (26.7%) 74 (25.3%) 107 (25.7%)
Hepatic-biliary-pancreatic cancer 62 (9.6%) 56 (5.5%) 34 (11.6%) 25 (6.0%)
Gynecological cancer 51 (7.9%) 74 (7.3%) 13 (4.5%) 38 (9.1%)
Breast cancer 15 (2.3%) 69 (6.8%) 5 (1.7%) 37 (8.9%)
Other cancer 36 (5.6%) 47 (4.6%) 21 (7.2%) 22 (5.3%)

TNM stage, n (%) <0.001 <0.001
I 40 (6.2%) 100 (9.9%) 14 (4.8%) 51 (12.3%)
II 105 (16.3%) 255 (25.2%) 39 (13.4%) 93 (22.4%)
III 148 (23.0%) 285 (28.2%) 65 (22.3%) 139 (33.4%)
IV 351 (54.5%) 372 (36.8%) 174 (59.6%) 133 (32.0%)

ALB, g/L, mean (SD) 33.77 (4.99) 39.66 (4.41) <0.001 33.84 (4.83) 39.74 (4.56) <0.001
GLB, g/L, mean (SD) 33.45 (5.31) 26.42 (4.01) <0.001 33.81 (5.37) 26.25 (3.55) <0.001
Neutrophil, 109/L, median (IQR) 4.65 (3.98) 3.58 (2.74) <0.001 5.19 (4.03) 3.52 (2.38) <0.001
Lymphocyte, 109/L, median (IQR) 1.30 (0.85) 1.36 (0.88) 0.333 1.35 (0.90) 1.40 (0.90) 0.351
WBC, 109/L, mean (SD) 7.93 (4.19) 6.93 (11.38) 0.033 7.95 (4.09) 6.34 (2.61) <0.001
Platelet, 109/L, median (IQR) 254.0 (139.5) 211.0 (101.75) <0.001 253.00 (170.0) 214.00 (112.5) <0.001
KPS, mean (SD) 79.53 (16.65) 84.74 (14.01) <0.001 79.28 (17.07) 86.01 (14.17) <0.001
MAC, cm, mean (SD) 24.56 (3.71) 25.18 (3.77) 0.001 24.63 (3.77) 25.37 (10.60) <0.001
HGS, kg, mean (SD) 21.81 (9.37) 24.53 (10.89) <0.001 22.37 (9.83) 23.76 (10.60) 0.078
PG-SGA, mean (SD) 8.28 (4.22) 6.89 (3.92) <0.001 8.30 (4.30) 6.8 (3.85) <0.001
EORTC QLQ-C30, mean (SD) 54.69 (12.40) 51.29 (10.77) <0.001 55.10 (11.83) 50.99 (10.13) <0.001
September 20
21 | Volume 11 | Article
Data are represented as mean [standard deviation (SD)], median [interquartile range (IQR)], or number (%). For AGR, low <1.24; high ≥1.24.
BMI, body mass index; AGR, albumin–globulin ratio; ALB, albumin; GLB, globulin; KPS, Karnofsky Performance Status; MAC, mid-arm circumference; HGS, handgrip strength; PG-SGA,
patient-generated subjective global assessment.
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Comparison of Albumin–Globulin Ratio
and Other Malnutrition Evaluation Tools in
Predicting Prognosis
We compared the ability of several serum proteins to predict the
prognosis of patients with cancer cachexia through the time-
dependent ROC curve. In the training cohort (Supplementary
Figures 6A, B). The area under the curve (AUC) of AGR (3-year
Frontiers in Oncology | www.frontiersin.org 7
AUC, 0.698; 5-year AUC, 0.673) was higher than that of ALB (3-
year AUC, 0.633; 5-year AUC, 0.618), GLB (3-year AUC, 0.577; 5-
year AUC, 0.621), and TB (3-year AUC, 0.515; 5-year AUC,
0.519). In the validation cohort (Supplementary Figures 6C, D),
the AUC of AGR (3-year AUC, 0.657; 5-year AUC, 0.671) was
also higher than that of ALB (3-year AUC, 0.638; 5-year AUC,
0.618), GLB (3-year AUC, 0.606; 5-year AUC, 0.602), and TB
A B

DC

FIGURE 3 | Overall survival of cachexia patients by cutoff of AGR in training and validation cohort. (A) AGR cutoff of 1.24 at training cohort. (B) AGR cutoff of 1.24
at validation cohort. (C) Reference AGR cutoff of 1.5 at training cohort. (D) Reference AGR cutoff of 1.5 at validation cohort. AGR, albumin–globulin ratio.
TABLE 3 | The association between AGR and hazard ratio of cachexia patients.

AGR Training cohort Validation cohort

Model a Model b Model a Model b

HR 95%CI p HR 95%CI p HR 95%CI p HR 95%CI p

As continuous (per SD) 0.536 (0.420, 0.684) <0.001 0.545 (0.426, 0.697) <0.001 0.507 (0.361, 0.713) <0.001 0.528 (0.374, 0.745) <0.001
By reference AGR cutoff
Low (~1.50) Ref Ref Ref Ref
High (1.50~) 0.591 (0.491, 0.712) <0.001 0.589 (0.489, 0.710) <0.001 0.725 (0.549, 0.957) 0.023 0.735 (0.554, 0.975) 0.033

By AGR cutoff
Low (~1.24) Ref Ref Ref Ref
High (1.24~) 0.482 (0.416, 0.559) <0.001 0.480 (0.414, 0.557) <0.001 0.688 (0.551, 0.860) 0.001 0.701 (0.559, 0.880) 0.002

Interquartile
Q1 (~1.115) Ref Ref Ref Ref
Q2 (1.115~1.317) 0.699 (0.582, 0.839) <0.001 0.688 (0.573, 0.827) <0.001 0.908 (0.686, 1.202) 0.500 0.927 (0.697, 1.232) 0.601
Q3 (1.317~1.524) 0.447 (0.363, 0.549) <0.001 0.448 (0.364, 0.551) <0.001 0.663 (0.486, 0.906) 0.010 0.678 (0.494, 0.930) 0.016
Q4 (1.524~) 0.429 (0.346, 0.532) <0.001 0.418 (0.336, 0.519) <0.001 0.605 (0.439, 0.835) 0.002 0.622 (0.449, 0.862) 0.004

p for trend <0.001 <0.001 0.005 0.010
September 202
1 | Volume 11 | Article
Model a: adjusted by gender, age, BMI, and TNM stage. Model b: adjusted by gender, age, BMI, TNM stage, surgery, radiotherapy, chemotherapy, family history, hypertension, diabetes,
smoke, and alcohol.
BMI, body mass index.
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(3-year AUC, 0.485; 5-year AUC, 0.532). Then, we further
compared commonly malnutrition evaluation tools. Compared
with other tools, AGR had good prognostic prediction ability, and
its prediction performance ranked in the forefront of all prediction
tools at 1-, 3-, and 5-year OS points, regardless of whether in the
training cohort (Figure 4A) or the validation cohort (Figure 4B).
The effect of malnutrition evaluation tools on all-cause mortality
of patients with cancer cachexia is shown in Tables 4 and 5. As
can be seen from the discriminant index including C-statistic,
continuous net reclassification improvement (cNRI), and
integrated discrimination improvement (IDI), AGR was better
than other evaluation tools at predicting mortality in both training
and validation cohorts. For mortality risk prediction, each of the
malnutrition evaluation tools provided significant incremental
prognostic value for TNM stage. The incremental value of AGR
was considerable and statistically significant in both training and
validation cohorts (all p < 0.05).
DISCUSSION

Recently, the role of AGR, which reflects inflammation and nutritional
status, in malignancy has received more and more attention. Suh et al.
(22) conducted a large retrospective study of 26,974 generally healthy
adults, showing that low AGR was a short- and long-term risk factor
for cancer morbidity and mortality. The meta-analysis of LV et al.
(8) also found that low pretreated AGR was associated with poor
prognosis of cancers and that AGR should be used as a prognostic
indicator during cancer treatment. Moreover, Toiyama et al. (23)
suggested that AGR is a new independent predictor of early
recurrence in patients with curable gastric cancer. Although
Frontiers in Oncology | www.frontiersin.org 8
AGR has been confirmed to be related to the mortality of many
cancers, there is no evidence report on the relationship between
AGR and cancer cachexia. In this study, we conducted a large
multicenter cohort study for the first time, including 40 clinical
centers, involving 2,364 patients with cancer, to explore the
prognostic value of AGR in patients with cancer cachexia.

In our study, AGR was suppressed in patients with cancer
cachexia, especially in gastrointestinal tumors with a higher
incidence of malnutrition, which indicated that the conventional
AGR cutoff value may not accurately reflect the AGR level of
patients with cancer cachexia. We calculated the specific AGR
cutoff value of 1.24 for patients with cachexia cancer. Based on this
cutoff value, AGR can better distinguish the poor prognosis of
patients with cancer cachexia and still has good value in the
prognostic assessment of individual cancer species. Compared
with the reference AGR of 1.5, the AGR of 1.24 was more effective
in stratifying the prognosis of patients with cancer cachexia. These
evidences suggested that AGR of 1.24 is more suitable for patients
with cancer cachexia. According to previous studies, the cutoff
value of AGR is different for different types of cancers. A meta-
analysis in 2018 found that AGR cutoff value in various cancers
fluctuated between 0.9 and 1.93, and the vast majority of cutoff
value was less than 1.5 (8). The cutoff value of AGR in our study
was within the range of these values and at a low level, which to a
certain extent indicated that our determined cutoff value was
reliable. In addition, we observed an obvious correlation between
low AGR and advanced age, low BMI, advanced TNM stage, low
ALB, high neutrophils, high platelet, low KPS, lowMAC, high PG-
SGA, and high EORTC QLQ-C30. TNM stage indicated the
malignant degree and tumor burden; advanced age, low BMI,
and low ALB indicated poor nutritional status; high neutrophils
A

B

FIGURE 4 | Comparison of the ability of malnutrition evaluation tools in predicting prognosis of cachexia patients using ROC curves. (A) ROC curve at 1-, 3-, and
5-year OS points in training cohort. (B) ROC curve at 1-, 3-, and 5-year OS points in validation cohort. ROC, receiver operating characteristic; OS, overall survival.
September 2021 | Volume 11 | Article 707705
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and high platelets indicated severe cancer-related inflammation;
low KPS, low MAC, high PG-SGA, and high EORTC QLQ-C30
reflected the decline in the quality of life. Thus, the low AGR may
reflect greater tumor burden, poor nutritional, and advanced
Frontiers in Oncology | www.frontiersin.org 9
inflammatory status, which may be associated with adverse
clinical outcomes.

The TNM stage system is currently recognized as the most
reliable tool for evaluating the prognosis of patients with
TABLE 4 | Comparative analysis of the discrimination of each malnutrition score for all-cause mortality in training cohort.

Discrimination ability C-statistic cNRI IDI

Difference p-Value Difference p-Value Difference p-Value

AGR Ref Ref Ref
ALB −0.019 (−0.038, −0.001) 0.043 −0.094 (−0.292, 0.186) 0.408 −0.020 (−0.070, 0.058) 0.350
GLB −0.061 (−0.075, −0.046) <0.001 −0.097 (−0.279, 0.255) 0.398 −0.022 (−0.064, 0.063) 0.448
TB −0.121 (−0.151, −0.091) <0.001 −0.250 (−0.338, 0.015) 0.070 −0.073 (−0.126, 0.000) 0.060
NLR −0.017 (−0.043, −0.008) 0.189 −0.258 (−0.345, 0.123) 0.100 −0.068 (−0.117, 0.009) 0.070
PLR −0.082 (−0.110, −0.051) <0.001 −0.249 (−0.345, 0.041) 0.100 −0.070 (−0.119, 0.009) 0.090
PG-SGA −0.030 (−0.057, −0.003) 0.029 −0.154 (−0.299, 0.085) 0.100 −0.050 (−0.114, 0.031) 0.149
HGS −0.073 (−0.100, −0.046) <0.001 −0.194 (−0.296, 0.194) 0.159 −0.055 (−0.110, 0.027) 0.149
KPS −0.021 (−0.045, −0.005) 0.100 −0.221 (−0.330, 0.033) 0.090 −0.047 (−0.107, 0.016) 0.139
MAC −0.100 (−0.128, −0.072) <0.001 −0.172 (−0.277, 0.202) 0.149 −0.058 (−0.113, 0.043) 0.129
Model performance after the addition of malnutrition indexes to the TNM stage for predicting all-cause mortality
Model C-statistic p-Value cNRI p-Value IDI p-Value
TNM stage 0.695 (0.679, 0.712) <0.001 Ref Ref
TNM stage + AGR 0.733 (0.715, 0.751) <0.001 0.367 (0.195, 0.558) 0.010 0.154 (0.085, 0.236) <0.001
TNM stage + ALB 0.736 (0.718, 0.754) <0.001 0.202 (0.031, 0.455) 0.020 0.073 (0.001, 0.164) 0.050
TNM stage + GLB 0.712 (0.694, 0.730) <0.001 0.383 (0.129, 0.535) 0.020 0.082 (0.035, 0.125) <0.001
TNM stage + TB 0.710 (0.691, 0.729) <0.001 0.202 (-0.016, 0.353) 0.060 0.073 (0.001, 0.137) 0.050
TNM stage + NLR 0.737 (0.719, 0.755) <0.001 0.177 (0.004, 0.351) 0.030 0.005 (-0.004, 0.014) 0.209
TNM stage + PLR 0.715 (0.696, 0.734) <0.001 0.110 (-0.084, 0.302) 0.398 -0.001 (-0.016, 0.017) 0.975
TNM stage + PG-SGA 0.732 (0.714, 0.750) <0.001 0.023 (-0.164, 0.194) 0.866 0.024 (-0.030, 0.073) 0.328
TNM stage + HGS 0.718 (0.699, 0.737) <0.001 0.073 (-0.115, 0.250) 0.517 0.032 (-0.013, 0.081) 0.189
TNM stage + KPS 0.732 (0.713, 0.751) <0.001 0.220 (0.024, 0.401) 0.030 0.078 (0.008, 0.147) 0.030
TNM stage + MAC 0.708 (0.689, 0.727) <0.001 0.047 (-0.126, 0.226) 0.488 0.033 (0.004, 0.071) 0.030
Septem
ber 2021 | Volume 11 | Article
cNRI, continuous net reclassification improvement; IDI, integrated discrimination improvement; AGR, albumin–globulin ratio; KPS, Karnofsky Performance Status; MAC, mid-arm
circumference; HGS, handgrip strength; PG-SGA, patient-generated subjective global assessment; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio.
TABLE 5 | Comparative analysis of the discrimination of each malnutrition score for all-cause mortality in validation cohort.

Discrimination ability C-statistic cNRI IDI

Difference p-Value Difference p-Value Difference p-Value

AGR Ref Ref Ref
ALB −0.003 (−0.029, 0.023) 0.818 −0.149 (−0.292, −0.003) 0.03 −0.038 (−0.08, 0.000) 0.040
GLB −0.060 (−0.084, −0.038) <0.001 −0.153 (−0.314, −0.022) 0.01 −0.054 (−0.091, −0.023) <0.001
TB −0.105 (−0.151, −0.058) <0.001 −0.253 (−0.361, −0.102) <0.001 −0.100 (−0.147, −0.044) <0.001
NLR −0.022 (−0.062, 0.013) 0.252 −0.261 (−0.352, −0.109) <0.001 −0.092 (−0.141, −0.046) <0.001
PLR −0.067 (−0.118, −0.015) 0.011 −0.281 (−0.375, −0.112) <0.001 −0.094 (−0.142, −0.033) <0.001
PG-SGA −0.020 (−0.057, 0.017) 0.296 −0.125 (−0.285, 0.011) 0.080 −0.054 (−0.110, 0.000) 0.050
HGS −0.095 (−0.140, −0.053) <0.001 −0.215 (−0.382, −0.11) <0.001 −0.086 (−0.152, −0.037) <0.001
KPS −0.007 (−0.043, 0.027) 0.699 −0.089 (−0.264, 0.068) 0.289 −0.041 (−0.101, 0.029) 0.149
MAC −0.065 (−0.111, −0.022) 0.004 −0.211 (−0.326, −0.081) <0.001 −0.095 (−0.151, −0.036) <0.001
Model performance after the addition of malnutrition indexes to the TNM stage for predicting all-cause mortality
Model C-statistic p-Value cNRI p-Value IDI p-Value
TNM stage 0.720 (0.697, 0.743) <0.001 Ref Ref
TNM stage + AGR 0.750 (0.725, 0.774) <0.001 0.164 (0.010, 0.287) 0.040 0.027 (0.003, 0.057) 0.010
TNM stage + ALB 0.758 (0.734, 0.783) <0.001 0.082 (−0.034, 0.215) 0.269 0.019 (−0.001, 0.043) 0.060
TNM stage + GLB 0.730 (0.705, 0.756) <0.001 0.082 (−0.137, 0.215) 0.259 0.005 (−0.001, 0.018) 0.149
TNM stage + TB 0.737 (0.712, 0.763) <0.001 −0.048 (−0.173, 0.108) 0.577 −0.001 (−0.009, 0.012) 0.756
TNM stage + NLR 0.757 (0.732, 0.783) <0.001 0.097 (−0.305, 0.234) 0.458 0.001 (−0.004, 0.007) 0.597
TNM stage + PLR 0.743 (0.718, 0.768) <0.001 0.158 (0.036, 0.270) 0.020 0.007 (−0.003, 0.023) 0.249
TNM stage + PG-SGA 0.757 (0.731, 0.783) <0.001 0.061 (−0.127, 0.183) 0.826 0.01 (−0.005, 0.031) 0.239
TNM stage + HGS 0.736 (0.710, 0.762) <0.001 0.042 (−0.104, 0.170) 0.627 0.005 (−0.006, 0.029) 0.488
TNM stage + KPS 0.758 (0.733, 0.783) <0.001 0.281 (−0.010, 0.373) 0.060 0.019 (−0.004, 0.044) 0.109
TNM stage + MAC 0.742 (0.717, 0.767) <0.001 −0.089 (−0.218, 0.090) 0.398 −0.006 (−0.015, 0.009) 0.318
cNRI, continuous net reclassification improvement; IDI, integrated discrimination improvement; AGR, albumin–globulin ratio; KPS, Karnofsky Performance Status; MAC, mid-arm
circumference; HGS, handgrip strength; PG-SGA, patient-generated subjective global assessment; NLR, neutrophil–lymphocyte ratio; PLR, platelet–lymphocyte ratio.
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malignancies. However, there are reports that patients with the
same TNM stage may still have different clinical outcomes,
which indicates that under the same TNM stage, other
prognostic markers need to be evaluated to achieve a more
accurate prognostic assessment (24). In our study, AGR
decreased with the progression of TNM stage and could
further identify high-risk patients in the advanced cancer
subgroup. This may be because advanced patients often have a
higher tumor burden and a higher systemic inflammatory. In
addition, due to increased consumption and reduced food intake,
the nutritional status of advanced patients has also declined. Our
study has confirmed that AGR was an independent prognostic
factor for patients with cancer cachexia and was an effective
prognostic stratification tool in most subgroups. Moreover, we
also demonstrated that AGR was an effective predictor of short-
term prognosis in patients with cancer cachexia, and the
predictive effect of AGR in predicting prognosis in patients
with cancer cachexia is not affected by related mixed diseases.

In patients with cancer, high catabolism is accompanied by an
increase in overall protein conversion, characterized by
accelerated glycogen, protein, and fat decomposition, as well as
increased synthesis of immune and inflammatory proteins.
Serum ALB level is affected by liver synthesis. When the body
has severe inflammation, the liver preferentially synthesizes
inflammatory proteins, which changes the priority of protein
synthesis, resulting in a lower ALB concentration (12). In this
study, the predictive ability of AGR for the prognosis of patients
with cancer cachexia is higher than that of ALB, GLB, or TB
alone; and the results of subgroup analysis show that AGR can
further distinguish the prognosis of normal ALB group. This
may be because AGR in patients with cancer reflects the balance
of inflammatory protein and ALB. AGR may be a useful
indicator that reflects the acceleration of protein conversion,
which can more sensitively and accurately reflect the overall
protein decomposition/synthesis/transformation metabolism of
patients with cancer, thereby improving the accuracy of
predicting the prognosis of patients with cancer cachexia.
Interestingly, the order of predictive efficacy was roughly
AGR>ALB>GLB>TB, which may be because the change of
nutritional and inflammatory status in patients with cancer
was more sensitive than the change of immune status, while
TB cannot effectively reflect the balance of protein conversion,
leading to poor prognosis prediction effect. Currently, there are
many malnutrition evaluation tools in clinical practice. Good
malnutrition evaluation tools can effectively help clinicians to
make further treatment plans for patients. We compared the
prognostic efficacy of AGR with the commonly malnutrition
evaluation tools for patients with cancer cachexia, and the results
showed that the prognostic efficacy of AGR was better than that
of most prognostic tools.

This study is the first multi-institution large cohort study to
explore the relationship between AGR and cancer cachexia. In
addition, the patients were randomly divided into two
independent cohorts of training and validation to enhance the
reliability of the research. In this study, AGR, as a simple,
inexpensive, and easily available biomarker, has been proven to
Frontiers in Oncology | www.frontiersin.org 10
be an independent and powerful prognostic indicator for
patients with cancer cachexia. However, there are still some
limitations that need to be noted. First, this study was essentially
a retrospective study, and the performance of possible selection
bias, detection bias, and analysis bias might be confused. Second,
due to the lack of data on other inflammatory nutrition-related
indicators in this study, such as C-reactive protein and Glasgow
prognosis score, it was regrettable that AGR cannot be compared
with other inflammation nutrition-related indicators for further
prognostic ability, which needed to be further explored in future
studies. Finally, the results of this study were based on a
retrospective cohort study, and further prospective cohort
studies were needed to verify this.
CONCLUSION

This study determined the AGR cutoff value of 1.24 in patients
with cancer cachexia and confirmed that AGR is an independent
prognostic factor affecting patients with cancer cachexia,
especially those with advanced stage. Compared with other
malnutrition evaluation tools, AGR can effectively stratify the
prognosis of patients with cancer cachexia.
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Supplementary Figure 1 | AGR in different cancer types stratified by whether
patients with cachexia and different TNM stage of patients with cachexia. (A), AGR
in different cancer types; A, training cohort, (B), validation cohort; ns p-value >0.05,
*p-value < 0.05, **p-value < 0.01, ***p-value < 0.001.

Supplementary Figure 2 | Cut-off of AGR in patients with cancer cachexia.

Supplementary Figure 3 | Correlation analysis between AGR and other parameters
in training cohort (A) and validation cohort (B). AGR, Albumin-Globulin ratio; BMI, body
mass index; KPS, Karnofsky Performance Status; MAC, mid-arm circumference; HGS,
hand grip strength; PG-SGA, patient-generated subjective nutrition assessment.
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Supplementary Figure 4 | Kaplan-Meier curves of OS for cachexia patients
stratified by low- and high-AGR for multiple cancer types in training cohort
(including lung cancer, gastric cancer, esophagus cancer, colorectal cancer,
hepatic-biliary-pancreatic cancer, gynecological cancer, breast cancer, and
other cancer).

Supplementary Figure 5 | Stratified analysis of cachexia patients with high AGR
and low AGR based on TNM stage. (A), training cohort, (B), validation cohort.

Supplementary Figure 6 | Comparison of the ability of serum protein in
predicting prognosis of cachexia patients using ROC curves. (A), ROC curve at
3-year OS point in training cohort, (B), ROC curve at 5-year OS point in training
cohort, (C), ROC curve at 3-year OS point in validation cohort, (D), ROC curve at
5-year OS point in validation cohort.

Supplementary Figure 7 | Combined survival analysis of AGR and covariates
interaction. (A), training cohort, (B), validation cohort.
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