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Background: Previous studies demonstrated a significant association between the albumin–

globulin ratio (AGR) and various types of cancers. The aim of this study was to evaluate the

prognostic value of preoperative AGR in patients with early-stage non-small cell lung cancer

(NSCLC).

Methods: Patients diagnosed as NSCLC in a single center between January 1, 2014 and

February 29, 2016 were retrospectively reviewed. AGR was defined as the ratio between the

serum albumin level and the serum globulin level. Receiver operating characteristics analysis

was performed to determine optimal cutoff values. Overall survival (OS) and disease-free

survival (DFS) were clinical outcomes of our study. Univariate and multivariate Cox

regression analyses were used to identify independent prognostic factors, and the Kaplan–

Meier method was used to estimate survival curves.

Results: A total of 279 early stage NSCLC patients were enrolled in our study with the median

follow-up of 39 months (range 1–56 months). The statistical analyses manifested that the age

(hazard ratio (HR)=1.045, 95% confidence interval (95% CI): 1.010–1.081, P=0.011) and AGR

<1.51 (HR=3.424, 95% CI: 1.600–7.331, P=0.002) were independent prognostic factors for OS;

larger tumor (HR=1.211, 95% CI: 1.011–1.450, P=0.038) and AGR <1.51 (HR=2.177, 95% CI:

1.052–4.508, P=0.036) were significantly associated with decreased DFS.

Conclusion: The current research reported that the preoperative AGR was an independent

prognostic factor for both OS and DFS in early NSCLC, and patients with AGR <1.51 were

more likely to have a poor prognosis.

Keywords: albumin-globulin ratio, early non-small cell lung cancer, overall survival;

disease-free survival

Introduction
Lung cancer remains the leading cause of cancer-related death in the world and

non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer.1 In 2015,

there were approximately 221,200 newly diagnosed lung cancer cases and 158,400

died of this malignancy in the United States.2 With the advances in the diagnostic

methods of NSCLC, early-stage patients are far more than before, and there are

already more patients in the early stage than in the advanced stage in our center.

Previous studies revealed that many clinical and laboratory factors were sig-

nificantly associated with clinical outcomes of lung cancer such as gender, age,

smoking history, body mass index (BMI), baseline serum CEA value and
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abnormally elevated lactate dehydrogenase,3–7 and

increased evidence demonstrated that both the body nutri-

tional status and chronic inflammation played an important

role in the prognosis of several kinds of cancers including

NSCLC.8–13

Albumins and globulins are the main components of

serum proteins. Albumins reflect the nutritional status of

the human body, and some investigators have proved that

hypoalbuminemia is an independent risk factor of survival

in several cancers including gastric, colorectal, breast and

lung cancers.8–10 Globulin family consists of alpha, beta,

and gamma globulins and globulin plays a crucial role in

immunity and chronic inflammation.10,11 A number of

studies manifested that high inflammatory parameters

such as alpha and gamma globulins were associated with

significantly poor overall survival (OS) in cancer patient.-
14–18 Low albumin and high globulin are both independent

prognostic factors of various cancers including NSCL.14–20

However, the albumin and globulin levels can be inter-

fered by many factors such as illness, dehydration and

fluid retention, which limit their application and credibility

in clinic.21,22

The albumin–globulin ratio (AGR = albumin/total pro-

tein-albumin) combines the two strong prognostic factors,

nutrition status and systemic inflammation response; so,

we hypothesized that this ratio may also have a high

prognostic value. In the current study, for the first time,

we aimed to evaluate the prognostic value of serum AGR

in early NSCLC.

Material and methods
Study design
This is a retrospective study from a single center.

Patients
Patients diagnosed as early-stage NSCLC in the same

medical group of the Department of Thoracic Surgery,

West China Hospital, between January 1, 2014 and

February 29, 2016 were assessed. The diagnoses of

NSCLC were confirmed pathologically by bronchoscopic

biopsies, CT-guided needle specimens or surgically

resected specimens. The inclusion criteria were as follows:

1) patients were histologically diagnosed as NSCLC; 2)

patients were in tumor-node-metastasis (TNM) stage I or

II based on the 7th TNM classification of lung cancer by

the Union for International Cancer Control (UICC); 3)

patients received thoracoscopic radical lung resection; 4)

patients received the biochemistry test within 1 week

before the surgery; 5) patients had normal liver function.

The exclusion criteria were as follows: 1) patients received

neoadjuvant therapy; 2) patients received another surgery

within 3 months preoperatively; 3) patients with detectable

hematology diseases, liver diseases, inflammatory or infec-

tious diseases; 4) transfusion of albumin or globulin pre-

operatively; 5) recurrent tumors; 6) combined with other

tumors; 7) data incomplete or could not be obtained.

Data collection
We extracted clinicopathologic data of all patients from

the medical records, including the gender, age, smoking

history, BMI, preoperative comorbidity, preoperative lung

function representing by forced expiratory volume in one

second (FEV1), forced vital capacity (FVC) and FEV1/

FVC, tumor location, size, histology, resection type, TNM

stage and laboratory data.

Definition of the preoperative AGR and

endpoint events
The AGR was defined as the ratio between the preopera-

tive serum albumin level and globulin level. OS and dis-

ease-free survival (DFS) were end points of our study. OS

was defined as the interval from the date of surgery to the

date of death caused by any causes or the date of the last

follow-up. DFS was defined as the interval from the date

of surgery to the date of recurrence, metastasis or last

follow-up. We obtained the follow-up information from

out-patients clinic records or telephone contacts.

Statistical analysis
The Microsoft Office Excel 2007 (Microsoft Corporation,

Redmond, WA, USA) was used for data collection, and the

IBM SPSS Statistics for Windows, version 22.0 (IBM

Corp, USA) was used for statistical analyses. The optimal

cutoff values were obtained by receiver operating charac-

teristics (ROC) curves, as the values at the largest Youden

Index. Continuous and categorical variables were pre-

sented as the mean±standard deviation (SD) and frequen-

cies, respectively. Student’s t-test or one-way analysis of

variance were used for comparison of continuous vari-

ables, and χ2 test or Fisher’s exact test were used for

comparison of categorical variables separately. Prognostic

factors for OS and DFS were identified via the Cox regres-

sion model. Univariate regression analyses were used to

identify potential risk factors associated with a poor
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prognosis, and variables with a P-value<0.05 were

enrolled in multivariate regression analyses. Survival

curves were estimated via Kaplan–Meier analysis, and

the survival differences between groups were assessed

via the log-rank test.

All statistical tests were two-sided and P-values<0.05

were considered statistically significant.

Results
Basic patient characteristics
We included a total of 279 early-stage NSCLC patients in

accordance with the inclusion criteria and exclusion criteria,

with a median follow-up of 39 months (1–56 months).

Detailed patient selection process is shown in Figure 1.

Basic patient characteristics are presented in Table 1.

Among the 279 early-stage NSCLC patients, 145 patients

were male, the mean age of all patients was 62.16 years

and 124 patients were current or ex-smokers. A total of

128 patients had at least one kind of preoperative comor-

bidities including hypertension, diabetes mellitus, chronic

obstructive pulmonary disease (COPD), coronary heart

disease and emphysema. One hundred and one cases

were located at the left and 194 cases were adenocarcino-

mas which accounted for the majority. One hundred and

ninety patients received lobectomy, and the number of

patients in TNM stage I and II were 246 and 33,

respectively.

The optimal cutoff values according to

ROC curves
The cutoff value of the AGR for predicting OS was 1.51

(sensitivity of 69.1% and specificity of 67.0%, area under

the curve (AUC) =0.698) (Figure 2A). The cutoff value of

the AGR for predicting DFS was also 1.51 (sensitivity of

57.1% and specificity of 64.1%, AUC =0.589)

(Figure 2B).

Associations between the AGR and

clinicopathologic characteristics
According to the optimal cutoff value of AGR, we divided

112 patients with AGR <1.51 into the low AGR group and

167 patients with AGR ≥1.51 into the high AGR group

and then we compared differences of clinicopathological

characteristics between the two groups (Table 2). The

preoperative AGR significantly correlated with the FEV1

(P=0.038), FVC (P=0.026), tumor size (P<0.001), TNM

stage (P=0.011), albumin level (P<0.001) and globulin

level (P<0.001). However, there was no significant asso-

ciation between the AGR and histological type (P=0.238).

Early stage non-small cell lung cancer (NSCLC) 
patients from january 1, 2014 to february 29, 2016

Did not receive surgery (n=10)

Patients met the inclusion criteria (n=379)

Did not receive biochemistry tests within 1week preoperatively
(n=12)

Neoadjuvant therapy (n=7)
Another surgery within 3 months before the surgery (n=8)

Transfusion of albumin or globulin preoperatively (n=7)
Recurrent tumors (n=16)
Combined other tumors (n=5)
Insufficient data (n=29)

Patients with hematology diseases, liver diseases, inflammatory 
or infectious diseases preoperatively (n=28)

Eligible patients eventually enrolled (n=279)

Figure 1 Patient selection process.
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Univariate and multivariate Cox

regression analyses for OS
Univariate analyses demonstrated that the age (P=0.002),

history of smoking (P=0.039), history of emphysema

(P=0.040), tumor size (P=0.043), low albumin level

(P=0.001), high globulin level (P<0.001) and AGR <1.51

(P<0.001) were potential risk factors for a worse OS.

Multivariate analyses indicated that only the age (hazard

ratio (HR)=1.045, 95% confidence interval (95% CI):

1.010–1.081, P=0.011) and AGR <1.51 (HR=3.424, 95%

CI: 1.600–7.331, P=0.002) significantly correlated with

poor OS. Detailed information is shown in Table 3.

Univariate and multivariate Cox

regression analyses for DFS
Univariate analyses manifested that the history of COPD

(P=0.022), history of emphysema (P=0.015), tumor size

(P<0.001), lobectomy (P=0.013), high globulin level

(P=0.043) and AGR <1.51 (P=0.001) were potential risk

factors for a worse DFS. On multivariate analysis, larger

tumor (HR=1.211, 95% CI: 1.011–1.450, P=0.038) and

AGR <1.51 (HR=2.177, 95% CI: 1.052–4.508, P=0.036)

were independently associated with poor DFS. Detailed

data is presented in Table 4.

Postoperative OS based on the AGR
Patients with AGR <1.51 (P<0.001; Figure 3A) were sig-

nificantly associated with a poorer OS rate. Median OS in

low AGR group was 37 months (mean ± SD, 36.99±12.22)

compared with 45 months (mean ± SD, 43.37±8.57) in

high AGR group (P<0.001).

Postoperative DFS based on the AGR
Patients with AGR ≥1.51 (P=0.001; Figure 4) were asso-

ciated with a significantly improved DFS rate. Median

DFS in patients with AGR ≥1.51 was 39 months (mean

± SD, 41.38±10.43) compared with 35 months (mean ±

SD, 34.14±13.31) in patients with AGR <1.51 (P<0.001).

Discussion
In the current study, we testified the prognostic value of

preoperative AGR in early NSCLC for the first time.

Patients with AGR <1.51 had worse OS and DFS. The

results of multivariate analysis showed that AGR was an

independent factor associated with OS and DFS. Besides

AGR, age and tumor size were demonstrated to be inde-

pendent prognostic factors for OS and DFS, respectively.

Serum albumins account for the largest proportion of

serum proteins and play an important role of the human

body by maintaining the colloid osmotic pressure of blood,

acting like transporters and binding fatty acids, hormones,

pharmaceuticals and cations.20,22 It is produced by the

liver and one of the indicators of liver function evaluation

(Child–Pugh).23 Previous research showed that lower albu-

min levels indicated worse nutrition status and clinical

outcomes of several types of cancers.24–27 Besides, albu-

min plays a crucial role in the drug delivery in chemother-

apy which is one of the mechanisms that albumin affects

the prognosis of cancer patients.28,29 However, the albu-

min level can be interfered by many factors such as illness,

hepatic insufficiency, stress and changes of body fluid

volume; so, it failed to be widely applied to predict prog-

nosis of cancer patients in the clinic.

Globulins are calculated by the formula (total serum

protein-albumin) and have been proven to be related with

immunity and chronic inflammation.22 They contain a

large amount of immunity-related proteins such as C-

Table 1 Baseline clinicopathologic characteristics

Characteristics Value

Patients, n 279

Male, n (%) 145 (51.97)

Age, mean ± SD, years 62.16±9.25

Smoking history, n (%) 124 (44.44)

Preoperative comorbidity

Hypertension, n (%) 77 (27.60)

Diabetes mellitus, n (%) 28 (10.04)

COPD, n (%) 39 (13.98)

CHD, n (%) 13 (4.66)

Emphysema, n (%) 42 (15.05)

Any, n (%) 128 (45.88)

Tumor location (left), n (%) 101 (36.20)

Histology

AC, n (%) 194 (69.53)

SC, n (%) 50 (17.92)

Others, n (%) 35 (12.54)

Extent of resection

Lobectomy, n (%) 190 (68.10)

Segmentectomy, n (%) 89 (31.90)

TNM stage

I, n (%) 246 (88.17)

II, n (%) 33 (11.83)

Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary

disease; CHD, coronary heart disease; AC, adenocarcinoma; SC, squamous carci-

noma; TNM, tumor-node-metastasis.
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Figure 2 (A) ROC curve of the AGR for predicting OS. (B) ROC curve of the AGR for predicting DFS.

Abbreviations: ROC, receiver operating characteristic; AGR, albumin-globulin ratio; OS, overall survival; DFS, disease-free survival.

Table 2 Associations between the AGR and clinicopathologic characteristics

Characteristics AGR

<1.51 (n=112) ≥1.51 (n=167) P-value

Male, n (%) 58 (51.79) 87 (52.10) 0.959

Age, mean ± SD, years 63.24±8.57 61.44±9.64 0.110

Smoking history, n (%) 54 (48.21) 70 (41.92) 0.299

BMI, mean ± SD, kg/m2 23.14±3.16 23.65±2.75 0.155

Preoperative comorbidity

Hypertension, n (%) 29 (25.89) 48 (28.74) 0.602

Diabetes mellitus, n (%) 12 (10.71) 16 (9.58) 0.757

COPD, n (%) 19 (16.96) 20 (11.98) 0.239

CHD, n (%) 6 (5.36) 7 (4.19) 0.651

Emphysema, n (%) 21 (18.75) 21 (12.57) 0.157

Preoperative lung function

FEV1, mean ± SD, L 2.13±0.60 2.31±0.74 0.038

FVC, mean ± SD, L 2.88±0.72 3.12±0.87 0.026

FEV1/FVC, % 74.22±10.84 74.12±11.74 0.946

Tumor location (Left), n (%) 40 (35.71) 61 (36.53) 0.890

Tumor size, median, cm 2.91±1.52 2.30±1.14 <0.001

Histology (AC), n (%) 72 (64.29) 122 (73.05) 0.238

Resection (lobectomy), n (%) 85 (75.89) 105 (62.87) 0.195

TNM stage I, n (%) 92 (82.14) 154 (92.22) 0.011

Preoperative albumin level, g/L 40.25±3.29 43.23±3.11 <0.001

Preoperative globulin level, g/L 30.64±3.68 24.71±2.50 <0.001

Abbreviations: AGR, albumin–globulin ratio; SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease;

FEV1, forced expiratory volume in one second; FVC, forced vital capacity; AC, adenocarcinoma; SC, squamous carcinoma; TNM, tumor-node-metastasis.
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reactive proteins (CRP), immunoglobulins, interleukins,

complements, etc.20 The prognostic value of these inflam-

matory proteins has been verified in some research. Higher

CRP level indicated worse survival in lung cancer and color-

ectal cancers, and C3 and C4 were proven to be negative

predictors for survival in lung cancer.30–32 Furthermore, a

high level of immunoglobulins was an independent risk

factor for poor prognosis of lung cancer patients.32

Numerous studies manifested that the chronic inflammation

played a vital role in tumor proliferation, metastasis and

immune evasion involving all types of serum globulins

such as the CRP, tumor necrosis factors, etc.20,29–32 These

serum globulins secreted by tumor-associated cells can pro-

mote tumor development, metastasis, angiogenesis and

immunosuppres-sion.20,29–32 Unfortunately, the level of glo-

bulin can also be interfered by various conditions, which

limits its utility in predicting the prognosis of cancer patients.

Instead of the absolute concentration of albumin and

globulin, AGR is a ratio which combines the two indexes.

We supposed that the AGR could demonstrate the prog-

nostic effect in lung cancer mainly for the following two

reasons. First, the low AGR is a combination of two

significant predictive factors for adverse outcomes, low

albumin and high globulin. Second, as we mentioned

above, the levels of albumin and globulin can be affected

by some conditions such as fluid retention and dehydra-

tion, but AGR would not be affected by these conditions.

Therefore, we believed AGR was capable of evaluating

outcomes of lung cancer patients.

A few studies have examined the prognostic value of AGR

in lung cancer.21,22,30 Yao et al manifested a significant con-

nection between pretreatment AGR and advanced NSCLC.21

In the study of Duran et al, low AGR was proved to be a

valuable predictor of long-term mortality in lung

adenocarcinoma.22 Zhou et al reported that the AGR <1.29

was an independent risk factor of worse OS in small-cell lung

cancer patients.30 However, none of them focused on early-

stage NSCLC. Therefore, we designed the present research to

explore the correlation between the AGR and prognosis in

early NSCLC, and we reported that the AGR <1.51 was

associated with significantly worse OS and DFS in early-

stage NSCLC patients.

The most important clinical significance of our study is

that the preoperative AGR may not only assess the risk of

Table 3 Univariate and multivariate Cox regression analyses to assess the prognostic factors of OS

Characteristics Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Male 1.193 (0.701–2.029) 0.515

Age 1.051 (1.018–1.085) 0.002 1.045 (1.010–1.081) 0.011

Smoking history 1.752 (1.028–2.986) 0.039 1.521 (0.864–2.678) 0.146

BMI 1.000 (0.913–1.096) 0.996

Hypertension 0.798 (0.429–1.487) 0.478

Diabetes mellitus 0.292 (0.071–1.198) 0.087

COPD 1.702 (0.878–3.301) 0.115

CHD 1.317 (0.411–4.218) 0.643

Emphysema 1.923 (1.032–3.586) 0.040 1.263 (0.653–2.442) 0.487

Preoperative lung function

FEV1 0.690 (0.452–1.054) 0.086

FVC 0.758 (0.533–1.080) 0.125

FEV1/FVC 0.993 (0.970–1.016) 0.538

Tumor location (left) 1.040 (0.600–1.803) 0.888

Tumor size 1.196 (1.006–1.421) 0.043 0.990 (0.814–1.205) 0.921

Histology 1.113 (0.700–1.771) 0.650

Lobectomy 1.511 (0.811–2.816) 0.194

TNM stage II 1.882 (0.948–3.737) 0.071

Preoperative albumin 0.875 (0.811–0.945) 0.001 1.018 (0.949–1.093) 0.610

Preoperative globulin 1.096 (1.045–1.149) <0.001 0.966 (0.887–1.052) 0.422

AGR<1.51 4.304 (2.425–7.638) <0.001 3.424 (1.600–7.331) 0.002

Abbreviations: OS, overall survival; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; FEV1, forced expiratory volume

in one second; FVC, forced vital capacity; TNM, tumor-node-metastasis; AGR, albumin–globulin ratio.
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Table 4 Univariate and multivariate Cox regression analyses to assess the prognostic factors of DFS

Characteristics Univariate analysis Multivariate analysis

HR (95%CI) P-value HR (95%CI) P-value

Male 1.281 (0.754–2.175) 0.360

Age 1.028 (0.997–1.061) 0.078

Smoking history 1.665 (0.983–2.821) 0.058

BMI 1.015 (0.928–1.109) 0.749

Hypertension 1.375 (0.790–2.390) 0.260

Diabetes mellitus 0.626 (0.226–1.732) 0.367

COPD 2.071 (1.113–3.854) 0.022 1.166 (0.546–2.490) 0.691

CHD 1.776 (0.642–4.912) 0.268

Emphysema 2.118 (1.156–3.880) 0.015 1.876 (0.898–3.919) 0.094

Preoperative lung function

FEV1 0.764 (0.498–1.172) 0.218

FVC 0.824 (0.577–1.176) 0.287

FEV1/FVC 0.995 (0.971–1.020) 0.689

Tumor location (left) 1.124 (0.647–1.955) 0.678

Tumor size 1.319 (1.131–1.539) <0.001 1.211 (1.011–1.450) 0.038

Histology 1.325 (0.835–2.101) 0.232

Lobectomy 2.372 (1.197–4.701) 0.013 1.844 (0.899–3.782) 0.095

TNM stage II 1.748 (0.882–3.465) 0.110

Preoperative albumin 0.964 (0.895–1.038) 0.327

Preoperative globulin 1.056 (1.002–1.114) 0.043 0.978 (0.896–1.068) 0.627

AGR<1.51 2.426 (1.427–4.124) 0.001 2.177 (1.052–4.508) 0.036

Abbreviations: DFS, disease-free survival; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease; FEV1, forced expiratory

volume in one second; FVC, forced vital capacity; TNM, tumor-node-metastasis; AGR, albumin–globulin ratio.

Times (months)

O
ve
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ll 
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rv
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al

P<0.001

Figure 3 Kaplan–Meier survival curves showing the relationship between the AGR and OS.

Abbreviations: AGR, albumin-globulin ratio; OS, overall survival.
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early-stage NSCLC patients but also assist the decision-

making for therapeutic schedules. In detail, compared with

limited stage NSCLC patients with high pretreatment

AGR, patients with low preoperative AGR should be

treated more actively and the neoadjuvant or postoperative

adjuvant therapy may be more beneficial and adaptable for

these patients under the same conditions. Meanwhile, pre-

operative therapies for the inflammation response and

nutritional status may improve outcomes of early-stage

NSCLC patients. However, these recommendations or opi-

nions still need to be further evaluated.

There were several limitations in our research. First, this is

a retrospective study from a single center, so large-scale pro-

spective studies are still needed to verify our findings. Second,

we determined 1.51 as the optimal cutoff value ofAGRand the

critical values in previous studies ranged from 0.90 to 1.93,33

which meant 1.51 may not be the most suitable cutoff value to

predict prognosis of early NSCLC. Third, the follow-up period

in our study was a bit short, and so we failed to calculate the

five-year survival rate among the study population. Fourth, due

to the lack of external data, we were unable to design a valida-

tion group to verify our findings.

In conclusion, our study first reported the correlation

between the preoperative AGR and prognosis of early

NSCLC. Preoperative AGR was significantly associated

with OS and DFS of early-stage NSCLC patients and

superior to the albumin and globulin in predicting prog-

nosis. The role of AGR in the estimation of clinical out-

comes still needs to be verified with more large-scale

prospective research.
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