
INTRODUCTION
Globally, gastric cancer (GC) is the fifth most com-
monly diagnosed cancer and the third leading cause 
of cancer death (1). With the benefits from further 
improvements in diagnosis and treatment of GC, the 
five-year overall survival (OS) rate has increased to 
28.0%-44.3% (2), but the prognosis still remains poor. 
The tumor, node, metastasis (TNM) staging system is 
recognized as the most important prognostic indica-
tor of GC, however, it merely gives a partial prediction 
(3). Therefore, a simple and efficient biomarker is nec-

essary to ensure comprehensive evaluation and accu-
rate prediction. 

Malnutrition and inflammation are frequent complica-
tions of gastrointestinal malignancies and have been 
associated with short- and long-term outcomes in 
cancers (4). Serum albumin and globulin are impor-
tant laboratory indexes that are commonly used to as-
sess the nutritional status and inflammatory response 
before surgery (5). The proinflammatory cytokines 
produced by tumors can stimulate the production of 
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ABSTRACT
Background/Aims: To investigate the prognostic significance of preoperative albumin to globulin ratio (AGR) 
in patients with resectable gastric cancer (GC).
Materials and Methods: According to the inclusion criteria, 269 GC patients (male:female=127:67; median age: 
67 years) with a stage I through III who underwent gastrectomy with D2 lymphadenectomy and R0 resection 
were included. These patients were categorized into two groups, namely low AGR group and high AGR group, 
based on a cutoff point that was obtained using a receiver-operating characteristic curve. The correlations of 
preoperative AGR with the clinicopathological characteristics and overall survival were analyzed. Univariate and 
multivariate analysis were performed to assess the prognostic value of preoperative AGR.
Results: Age, gender, tumor size, T stage, and preoperative hemoglobin were significantly different between 
the low and high AGR groups (p<0.05). Moreover, using binary logistic regression analysis, female gender, older 
age, larger tumor size, and lower preoperative hemoglobin were found to be independent risk factors of low 
preoperative AGR. Kaplan-Meier curves showed a significantly lower overall survival for the low AGR group (13 
months; 95% confidence interval (CI), 10.9-15.1) compared to the high AGR group (17 months; 95% CI, 13.8-
20.2; p=0.014). The univariate analysis of all the variables showed that overall survival was significantly related to 
age; tumor size; differentiation degree; T stage; N stage; tumor, node, metastasis (TNM) stage; preoperative AGR; 
and hemoglobin (p<0.05). Results of multivariate analysis showed that low preoperative AGR (<1.36) was an 
independent risk factor for poorer overall survival in GC patients (odds ratio [OR]=1.5; 95% CI, 1.0-2.1; p=0.041).
Conclusion: Preoperative AGR was significantly associated with the prognosis of GC patients in our study. In 
addition, preoperative AGR is suggested to be a simple but efficient prognosis predicting biomarker in patients 
with GC.
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acute-phase reaction proteins, which are calculated as part 
of the serum globulin, and suppress the synthesis of albumin 
(6). In addition, albumin plays a significant role in the distribu-
tion and pharmacological activities of anticancer drugs (7). As 
a consequence, low serum albumin and high serum globulin 
are two independent prognostic factors, as recently shown in 
various cancers (4,5,8). Therefore, we suppose that albumin to 
globulin ratio (AGR) is a potential preoperative biomarker for 
the assessment of the clinicopathological features and prog-
nosis. 

To the best of our knowledge, several previous studies have 
demonstrated the correlation between the preoperative AGR 
and long-term survival of cancers (9-14), but GC has not been 
discussed. The purpose of this study was to find the cutoff 
value of AGR and to evaluate whether preoperative AGR has a 
prognostic value in patients with resectable GC.

MATERIALS AND METHODS

Patients
Ethics approval of our study was provided by the institutional 
review board of our hospital. We retrospectively reviewed pa-
tients who were diagnosed with GC and received gastrectomy 
with D2 lymphadenectomy and R0 resection from 2007 to 
2012 at the Gastrointestinal Surgery Department. The inclusion 
criteria are as follows: pathological diagnosis is primary GC and 
absence of distant metastasis; no neoadjuvant chemotherapy; 
normal hepatic and renal function; and no history of chronic 
inflammatory disease or immunosuppressive therapy (1-4.). 
However, patients with a history of coronary heart disease, hy-
pertension, chronic lung disease, cerebrovascular disease, and 
type II diabetes mellitus could be enrolled in the study. A total 
of 269 patients met the inclusion criteria and all these patients 
signed informed consent approved by the institutional review 
board.

Clinical and Laboratory Data
All the clinical and laboratory data were collected from the 
hospital database. Specific information includes gender, age, 
comorbidities, preoperative laboratory variables, and tumor 
characteristics. Data of cases that underwent the postopera-
tive chemotherapy were also collected, and the postoperative 
chemotherapy protocol was designed after operations accord-
ing to the tumor stage and individual characteristics. The stage 
of GC was in accordance with the American Joint Committee 
on Cancer classification system (seventh edition, 2010), and the 
preoperative laboratory variables analyzed in this study were 
measured before any treatment. All the patients were followed 
up periodically after the surgery until death or June 2015. The 
last date or deadline of follow-up was applied for the censored 
cases. 

The value of AGR was calculated with the formula [AGR=serum 
albumin/serum globulin], and the appropriate cutoff point of 

preoperative AGR was obtained using a receiver-operating 
characteristic curve (Figure 1). As a result, the area under the 
curve was 0.657, and 1.36 was selected as the cutoff value, 
whereas sensitivity and specificity were 0.709 and 0.554, re-
spectively. Thus, the patients were classified into a low (<1.36) 
or high (≥1.36) AGR group. Using the same method, the value 
of 108 g/L was selected as the optimal cutoff value of preop-
erative hemoglobin.

Statistical Analysis
All statistical analyses were performed using Statistical Package 
for Social Sciences version 22.0 (IBM Corp.; Armonk, NY, USA). 
A chi-square or Fisher’s exact test was used to evaluate the 
categorical variables, while an independent t-test was used for 
continuous variables between the high and low AGR groups. 
Moreover, binary logistic regression analysis was performed to 
identify any clinicopathological correlations with the low pre-
operative AGR value. The analysis of OS was performed using 
the Kaplan-Meier method and then compared using log-rank 
test. Univariate analyses were performed for all the variables, 
and those variables that were confirmed to be statistically sig-
nificant were further analyzed by a multivariate Cox regression 
model. A p<0.05 is considered statistically significant in the 
analyses.

RESULTS

Preoperative AGR and Clinicopathological Characteristics
Statistical analysis divided 269 eligible GC patients into two 
groups by the cutoff point of preoperative AGR; 114 pa-
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Figure 1. Receiver-operating characteristic curve of preoperative AGR 
(AGR cutoff value=1.36; sensitivity=0.709; specificity=0.554; area under 
curve=0.657; p<0.001)
AGR: albumin to globulin ratio
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tients were in the low AGR group (<1.36) and 155 in the 
high AGR group (≥1.36). As summarized in Table 1, signifi-
cant differences existed between the low and high AGR 
group in terms of age, gender, tumor size, T stage, and pre-

operative hemoglobin. It could indicate that the patients 
in the low AGR group were older in age, had more num-
ber of females, a larger tumor size, more advanced T stage, 
and lower preoperative hemoglobin levels compared to 
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Variable Total (n=269) Low AGR group (n=114) High AGR group (n=155) p

Gender    0.006

Male 202 (75.1%) 76 (37.6%) 126 (62.4%) 

Female 67 (24.9%) 38 (56.7%) 29 (43.3%) 

Age, years 65.77 (64.42-67.12) 68.27 (66.10-70.44) 63.93 (62.25-65.61) 

<70 153 (56.9%) 50 (32.7%) 103 (67.3%) 0.000

≥70 116 (43.1%) 64 (55.2%) 52 (44.8%) 

Cardiopulmonary disease    0.705

Yes 63 (23.4%) 28 (44.4%) 35 (55.6%) 

No 206 (76.6%) 86 (41.7%) 120 (58.6%) 

Diabetes mellitus    0.096

Yes 26 (9.7%) 15 (57.7%) 11 (42.3%) 

No 243 (90.3%) 99 (40.7%) 144 (59.3%) 

Tumor size 4.80 (4.48-5.12) 5.55 (5.01-6.09) 4.21 (3.84-4.58) 0.000

<5 cm 147 (54.6%) 43 (29.3%) 104 (70.7%) 0.000

≥5 cm 122 (45.4%) 71 (58.2%) 51 (41.8%) 

Differentiation degree    0.070

Well-moderate 140 (52.0%) 52 (37.1%) 88 (62.9%) 

Poor undifferentiation 129 (48.0%) 62 (48.1%) 67 (51.9%) 

T stage    0.022

T1 30 (11.2%) 8 (26.7%) 22 (73.3%) 

T2 88 (32.7%) 30 (34.1%) 58 (65.9%) 

T3 42 (15.6%) 20 (47.6%) 22 (52.4%) 

T4 109 (40.5%) 56 (51.4%) 53 (48.6%) 

N stage    0.145

N0 115 (42.8%) 48 (41.7%) 67 (58.3%) 

N1 38 (14.1%) 12 (31.6%) 26 (68.4%) 

N2 39 (14.5%) 14 (35.9%) 25 (64.1%) 

N3 77 (28.6%) 40 (51.9%) 37 (48.1%) 

TNM stage    0.308

Stage I 85 (31.6%) 31 (36.5%) 54 (63.5%) 

Stage II 63 (23.4%) 26 (41.3%) 37 (58.7%) 

Stage III 121 (45.0%) 57 (47.1%) 64 (52.9%) 

Preoperative HGB 119.25 (102.53-114.47) 108.50 (102.53-114.47) 127.15 (122.72-131.58) 0.000

<108 g/L 84 (31.2%) 49 (58.3%) 35 (41.7%) 0.000

≥108 g/L 185 (68.8%) 65 (35.1%) 120 (64.9%) 

Postoperative chemotherapy    0.062

Yes 124 (46.1%) 45 (36.3%) 79 (63.7%) 

No 145 (53.9%) 69 (47.6%) 76 (52.4%) 

Values are presented as number (%) or mean (95% CI)
AGR: albumin to globulin ratio; HGB: hemoglobin; TNM: tumor, node metastasis; CI: confidence interval

Table 1. Comparison of variables between low and high AGR ratio group
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the high AGR group. Furthermore, with progression in the 
depth of tumor infiltration and TNM stage, the percentage 
of patients with low preoperative AGR increased accord-
ingly. 

The outcome of binary logistic regression analysis in Table 2 
showed that four covariates were found to be independent 
risk factors of low preoperative AGR value; these include fe-
male gender, older age, larger tumor size, and lower preopera-
tive hemoglobin level. This indicated that the individuals who 
were females (odds ratio [OR], 2.2; 95% confidence interval [CI], 
1.1-4.1; p=0.018), were aged >70 years (OR=2.7; 95% CI, 1.5-4.7; 
p=0.001), or whose preoperative hemoglobin was <108 g/L 
(OR=2.0; 95% CI, 1.1-3.8; p=0.032), and those whose tumors 
were larger than 5 cm (OR=2.4; 95% CI, 1.3-4.4; p=0.007) had 
a higher incidence of low preoperative AGR value compared 
to others.
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Variable OR (95% CI) p

Gender (referent: male)  0.018

Female 2.161 (1.140-4.099) 

Age (referent: <70), years  0.001

≥70 2.676 (1.523-4.703) 

Cardiopulmonary disease (referent: no)  0.952

Yes 1.020 (0.531-1.959) 

Diabetes mellitus (referent: no)  0.279

Yes 1.697 (0.651-4.425) 

Tumor size (referent: <5 cm)  0.007

≥5 cm 2.357 (1.263-4.399) 

Differentiation degree (referent: well-moderate)  0.075

Poor undifferentiation 1.692 (0.949-3.015) 

T stage (referent: T1)  0.399

T2 1.563 (0.539-4.536) 0.411

T3 3.489 (0.646-18,828) 0.146

T4 4.605 (0.781-27,141) 0.092

N stage (referent: N0)  0.238

N1 0.832 (0.198-3.504) 0.803

N2 0.970 (0.166-5.666) 0.973

N3 2.241 (0.342-14,690) 0.400

TNM stage (referent: Stage I)  0.370

Stage II 0.315 (0.063-1.572) 0.159

Stage III 0.182 (0.012-2.679) 0.241

Preoperative HGB (referent: ≥108 g/L)  0.032

<108 g/L 2.002 (1.062-3.772) 

AGR: albumin to globulin ratio; CI: confidence interval; HGB: hemoglobin; OR: odd ratio; TNM: 
tumor, node metastasis

Table 2. Binary logistic regression analysis of low AGR associated risk factors

 Univariate Multivariate 
Variable analysis analysis

 p p  OR (95% CI)

Gender 0.195  

Male   

Female   

Age, years 0.009 0.001 

<70   Referent

≥70   1.841 (1.284-2.641)

Cardiopulmonary disease 0.070  

Yes   

No   

Diabetes mellitus 0.149  

Yes   

No   

Tumor size 0.000 0.152 

<5 cm   Referent

≥5 cm   0.748 (0.502-1.113)

Differentiation degree 0.008 0.914 

Well-moderate   Referent

Poor undifferentiation   0.981 (0.686-1.402)

T stage 0.000 0.105 

T1   Referent

T2  0.068 3.981 (0.902-17.564)

T3  0.057 4.934 (0.951-25.616)

T4  0.023 6.809 (1.304-35.541)

N stage 0.000 0.003 

N0   Referent

N1  0.657 0.817 (0.336-1.989)

N2  0.821 1.128 (0.397-3.205)

N3  0.120 2.358 (0.800-6.948)

TNM stage 0.000 0.373 

Stage I   Referent

Stage II  0.330 1.622 (0.613-4.289)

Stage III  0.172 2.877 (0.632-13.105)

Preoperative HGB 0.033 0.939 

≥108 g/L   Referent

<108 g/L   1.016 (0.675-1.530)

Preoperative AGR 0.000 0.041 

≥1.36   Referent

<1.36   1.470 (1.016-2.127)

Postoperative chemotherapy 0.140  

Yes   

No   

AGR: albumin to globulin ratio; CI: confidence interval; HGB: hemoglobin; OR: odd ratio

Table 3. Results of univariate and multivariate survival analysis
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Preoperative AGR and Prognosis of GC Patients
The median follow-up time was 40 months (range, 1-108 
months). There were 130 surviving patients on the deadline of 
follow-up and 139 cases were confirmed to have died. In par-
ticular, 24 patients who were lost to follow-up were excluded in 
our study. The median OS of the low and high AGR groups was 
13 months (95% CI, 10.9-15.1) and 17 months (95% CI, 13.8-
20.2), respectively, (p=0.014). The Kaplan-Meier curve showed 
a significantly lower OS in the low AGR group compared to 
the high AGR group (Figure 2). The univariate analysis of all the 
variables showed that age, tumor size, differentiation degree, 
T stage, N stage, TNM stage, preoperative AGR, and hemoglo-
bin have significant influences on the prognosis of GC patients 
(Table 3). The statistically significant parameters in univariate 
analysis were then enrolled in a multivariate analysis. Eventu-
ally, older age (≥70), worse N stage, and low preoperative AGR 
(<1.36) were confirmed the independent risk factors for the 
lower OS time of GC patients (Table 3). 

DISCUSSION
Our major finding is that preoperative AGR is significantly as-
sociated with the OS of GC patients. Preoperative AGR has 
been demonstrated as a prognostic predictor in various can-
cers (9-14), but there was no literature discussing the predic-
tive value of preoperative AGR in GC patients when we were 
accomplishing this study. Interestingly, a similar research was 
recently published whose results indicated that AGR was just 
an independent disease-free survival marker and not the OS 
marker (15). However, as the results showed, low preopera-
tive AGR (<1.36) remained an independent prognostic factor 
for OS after controlling the irrelevant variables in a multivari-

able analysis. Therefore, more studies are needed to discuss 
the predictive value of preoperative AGR on the prognosis of 
GC patients.

The value of AGR is calculated with albumin and globulin, 
which are not only the two main constituents of serum pro-
tein that maintain osmotic pressure but also are affected by 
the nutritional status and systemic inflammation. There exists 
close interactions between serum albumin and tumors, with 
the results that the serum albumin level provides potential 
prognostic significance in cancer (5). Firstly, because of an-
epithymia and malabsorption, patients with gastrointestinal 
cancers have a higher risk of hypoalbuminemia compared to 
others (16). Secondly, the tumor can induce systemic inflam-
mation, which in turn, may be a stimulus for tumor and im-
mune cells to produce cytokines, such as interleukin (IL)-1β, 
IL-6, and tumor necrosis factor. These cytokines have an ef-
fect on suppressing the synthesis of albumin and increasing 
the permeability of capillaries, which can promote the loss 
of albumin (5). Thirdly, as the major target of oxidant stress, 
albumin has an antioxidant function and prevents damage 
in lipids, nucleic acids, and other proteins (17). Therefore, 
serum albumin plays an important role in stabilizing DNA 
replication and inhibiting carcinogenesis (18). Lastly, serum 
albumin, a multifunctional protein in plasma, can influence 
the therapeutic efficacy of anticancer treatment. Recent stud-
ies have demonstrated that albumin has a great impact on 
the distribution and pharmacological activities of anticancer 
drugs as a transporter in plasma (7). Gupta et al. (5) reviewed 
53 reports on the relation between serum albumin level and 
prognosis of different cancers, including GC, most of which 
concluded that lower albumin levels predicted a poorer sur-
vival. Similarly, our additional analysis showed that preopera-
tive albumin was a significant predictor and protective factor 
of OS (OR=0.9; 95% CI, 0.9-1.0; p<0.001). 

In contrast, serum globulin, also known as nonalbumin pro-
inflammatory protein, has complex components, including 
acute phase proteins, immunoglobulins, interleukins, and 
tumor markers (19). Prior studies have reported that some 
of these inflammation markers play an important role in the 
carcinogenesis, progression, metastasis, and recurrence of tu-
mors (20). In the study by Chen et al. (8), low pretreatment 
serum globulin predicts a better prognosis for GC patients. 
Moreover, increases of some nonalbumin proinflamma-
tory proteins, such as C-reactive protein, alpha and gamma 
globulin, complement C3, and IgA were also shown to have 
a negative impact on the survival of various cancer patients 
(21-23). However, the univariate analysis of our data showed 
that preoperative globulin was not significantly correlated 
with OS (OR=1.0; 95% CI, 1.0-1.1; p=0.123). We presumed that 
the reasons for the negative result are that the actual value 
of globulin can be altered by hemodilution or hemoconcen-
tration, and redundant components of globulin may cause 
errors in the outcome.
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Figure 2. Kaplan-Meier curve of patients with GC after radical gastrectomy 
(AGR<1.36 vs ≥1.36)
AGR: albumin to globulin ratio; GC: gastric cancer
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Above all, both preoperative albumin and globulin are can-
didates for a prognostic indicator of GC, but the preopera-
tive serum globulin in our study was not significantly cor-
related with survival. We assume that prognostic indicators 
based on the ratio of albumin to globulin are more accu-
rate considering the following advantages. Firstly, AGR can 
take into account two identified predictors, which makes it 
more powerful than each alone. We observed that low pre-
operative AGR (<1.36) could still identify patients who had 
a poorer prognosis, even if their serum albumin levels were 
normal (≥35 g/L; OR=1.7; 95% CI, 1.2-2.6; p=0.008). Second-
ly, AGR is calculated in the form of two values, which can 
avoid the influences of hemodilution or hemoconcentra-
tion (14). However, we cannot also evade the disadvantag-
es of AGR. Obviously, AGR still cannot eliminate the interfer-
ence of unwanted components of globulin in the analysis 
results. Furthermore, serum albumin has a relatively stable 
value because of its half-life of about 20 days, while com-
ponents of serum globulin have various half-lives, ranging 
from hours to several days. The level of serum albumin and 
globulin measured at the same time may reflect different 
periods of status (24). In addition, Alkan (16) recognized 
that AGR was not a predictor but a misleader because AGR 
can be affected by multiple factors. It is similar to our find-
ing that the level of preoperative AGR can be significantly 
influenced by gender, age, preoperative hemoglobin, and 
tumor size. However, in our opinion, this is exactly why AGR 
can make a comprehensive assessment on both physical 
condition and tumor status for predicting prognosis. It is 
true that preoperative AGR perhaps is not the most precise 
prognostic indicator, but it is a simple and efficient prog-
nosis predicting biomarker that is shown in an increasing 
number of studies. 

More interestingly, AGR may also be a potential risk fac-
tor for cancer incidence more than a predictor for cancer 
survival. A study involving 26,974 healthy individuals has 
demonstrated that low AGR was a risk factor for nine ma-
lignancies and significantly correlated with the morbidity 
of liver and hematologic malignancies (25). From a genetic 
perspective, AGR was reported the target phenotype of the 
TNFRSF13B and FADS1 genes, but neither of these was asso-
ciated with tumors (26). Exploring the genetic basis of AGR 
for predicting cancer incidence may be the direction for our 
future research.

Adjuvant chemotherapy can improve the outcomes of the 
patients with resectable GC, which has been demonstrat-
ed by accumulating evidence (27). The univariate analysis 
of postoperative chemotherapy in the previous statistics 
showed no significant influence on the prognosis (p=0.140), 
but the result turned out to be positive in the patients with 
Stage III GC (p=0.036) when cases were grouped according to 
the TNM stage. Furthermore, when the patients with Stage III 
GC were divided into two groups based on preoperative AGR, 

we found that postoperative chemotherapy can improve OS 
only in the high AGR group (20 months; 95% CI, 12.7-27.4 vs 
13 months; 95% CI, 6.5-19.5; p=0.027), while postoperative 
chemotherapy had no significant influence on OS in the low 
AGR group (14 months; 95% CI, 11.0-17.0 vs 12 months; 95% 
CI, 1.7-22.3; p=0.304). The reason for this has been previously 
detailed; the patients with malnutrition and inflammation 
would only experience the severe side effects from adjuvant 
chemotherapy instead of benefiting from it. Therefore, further 
studies are needed to confirm the hypothesis that AGR is one 
of the initial evaluation indexes for postoperative chemother-
apy effect.

The limitations of our study are the retrospective design, 
a small sample from a single center, and the lack of specific 
nonalbumin proinflammatory protein levels. In spite of these 
limitations, to the best of our knowledge, our study is the first 
to discuss the relationship between preoperative AGR and the 
prognosis of GC patients. Further improved analyses to exam-
ine the prognostic value of preoperative AGR in GC patients 
are needed.

In summary, preoperative AGR was significantly associated 
with the OS of GC patients and low preoperative AGR was 
an independent risk factor for GC patients. Furthermore, 
preoperative AGR might be a reflection of both physical 
condition and tumor status, since age, gender, preopera-
tive hemoglobin, and tumor size all had a significant impact 
on the level of preoperative AGR in our study. These find-
ings suggest that preoperative AGR is a simple but efficient 
prognosis predicting biomarker in patients with GC. Further 
clinical and fundamental studies are needed to validate our 
demonstration.
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