
Abstract. Aim: Recent studies have reported that the albumin-
to-globulin ratio (AGR) may be a useful inflammatory-
nutritional biomarker to predict postoperative complications and
poor prognosis in various types of patients with cancer. However,
its prognostic value in patients with esophageal cancer is still
unclear. We aimed to examine the utility of the AGR for
predicting the short- and long-term outcomes in patients with
esophageal cancer who underwent curative resection. Patients
and Methods: This was a retrospective cohort analysis reviewing
the medical records of consecutive patients who underwent
esophagectomy for clinical stage I to III esophageal cancer at
Yokohama City University. A total of 105 patients were identified
between 2005 and 2018. The overall survival (OS), recurrence-
free survival (RFS), and postoperative complication rates were
compared between patients with high AGR (>1.48) and those
with low AGR (≤1.48) group. Results: A total of 57 and 48
patients were classified into the high and low AGR groups,
respectively. There was no significant difference between the two
groups in the rate of overall postoperative complications of more
than Clavien-Dindo grade 3 (50.9% vs. 54.2%, p=0.85). The
long-term findings showed that 5-year OS and RFS rates were
significantly better for the group with a high AGR (67.2% vs.
33.8%, p<0.001 and 51.6% vs. 28.5%, p=0.003, respectively).
Conclusion: This study suggests that a low preoperative AGR is
a risk factor for poor RFS and OS in patients who are planning
to undergo curative surgery for esophageal cancer. AGR may be
a useful biomarker for establishing treatment strategies to
improve patients’ survival.

Esophageal cancer is the seventh most common type of
cancer and the sixth most common cause of cancer death
worldwide (1). The standard treatment for clinical stage II
and III thoracic esophageal cancer in Japan is preoperative
chemotherapy with cisplatin and fluorouracil, followed by
surgery (2). With advancements in surgical technique and
adjuvant treatment, the prognostic outcome of esophageal
cancer has improved but patients often develop tumor
recurrence. The prognosis of patients with clinical stage II
or III esophageal cancer after neoadjuvant chemotherapy and
curative resection remains poor, with 5-year progression-free
survival and overall survival (OS) rates of 44% and 55%,
respectively (3). Therefore, it is important to identify reliable
biomarkers that predict patients with high recurrence risk and
establish more effective therapeutic strategies.

Malnutrition and systemic chronic inflammation play an
important role in carcinogenesis and tumor progression and
have a poor prognostic effect in various types of cancer (4,
5). Albumin and globulin are two major proteins found in
human serum which reflect an individual’s nutritional status,
and are correlated with the systemic inflammatory response
(5). Recently, the albumin to globulin ratio (AGR) was
identified as a novel prognostic biomarker and reported in
various types of cancer (6-9). However, the prognostic value
of the AGR in patients with esophageal cancer is still unclear.

The present study aimed to examine the utility of the
AGR for predicting the OS and recurrence-free survival
(RFS) in patients with esophageal cancer who underwent
curative resection.

Patients and Methods
Patient data. Patients were selected from the medical records of
consecutive patients who underwent esophagectomy for esophageal
cancer at Yokohama City University from January 2005 to September
2018. The patients met the following inclusion criteria: (i)
Histologically proven primary esophageal squamous cell carcinoma
or adenocarcinoma, (ii) clinical stage I to III (excluding Tiv) disease
as evaluated using the seventh edition of the tumor-node-metastasis
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classification established by the Union for International Cancer
Control (10), and (iii) complete (R0) resection of esophageal cancer
with radical lymph node dissection. Patients who had undergone R2
or R1 resection were excluded from the study.

Surgical procedure. Our standard procedures comprised open subtotal
esophagectomy via right thoracotomy or video-assisted surgery,
reconstruction with a gastric tube through the posterior mediastinal
route or retrosternal route, and cervical or intrathoracic anastomosis.
In principle, two-field lymph node dissection was indicated when
tumors are located at the middle thoracic to lower thoracic esophagus,
whereas three-field dissection was applied for upper thoracic tumors.
A feeding tube was routinely placed at the duodenum or jejunum.

Perioperative care. All of the patients received the same
perioperative management. Antibiotics were administered 30 min
before surgical incision and every 3 hours during surgery and at
postoperative day (POD) 2. The patients remained on ventilation
overnight. Ambulation and enteral nutrition were started on POD 1.
Oral intake was initiated on POD 5, beginning with water and
gelatinous foods. The patients began to eat solid food on POD 10,
starting with rice gruel and soft food and progressing in three steps
to regular food intake.

Albumin to globulin ratio. The AGR was calculated based on the
following equation: albumin/globulin (total proteins − albumin),
evaluating the preoperative blood sample. An AGR of 1.48 was
considered the optimum cutoff value by the receiver operating
characteristic (ROC) curve analysis for OS [area under the
curve=0.64, 95% confidence interval (CI)=0.53-0.75; Figure 1] and
maximizing Youden’s index (sensitivity+specificity−1). This cutoff
value had a sensitivity of 63.3% and a specificity of 67.9%.

Follow-up. All patients underwent 3-monthly postoperative follow-
up, and their survival status, disease progression, and time of death
data were recorded for at least 5 years if possible. Serum tumor
marker levels (carcinoembryonic antigen and carbohydrate antigen
19-9) were measured at least every 3 months, and computed
tomography was performed at least every 6 months.

Evaluations and statistical analyses. The primary outcomes were OS
and RFS, and the secondary outcome was the postoperative
complication rate. The RFS and OS were defined as the period
between surgery and recurrence or death, respectively, whichever
came first. Postoperative surgical complications of grade 3-5
according to the Clavien-Dindo classification (11) were
retrospectively determined from the patient’s records. Univariate and
multivariate analyses were performed to evaluate the prognostic
value of AGR. Comparisons between patients with high AGR
(>1.48) and low AGR (≤1.48) were analyzed using the chi-squared
test or Fisher’s exact test. The OS and RFS curves were plotted
according to the Kaplan-Meier method, and a log-rank test was
performed to identify statistical differences between the two groups.
Independent prognostic factors were identified by a Cox proportional
hazards regression model. Values of p<0.05 were considered
statistically significant. All statistical analyses were performed using
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphic user interface for R (The R Foundation
for Statistical Computing, Vienna, Australia) designed to add
statistical functions frequently used in biostatistics (12).

Ethics. All study protocols were approved by the Yokohama City
University Institutional Review Board (IRB number: B191100037).

Results

Patients. One hundred and five patients (male, n=90; female,
n=15) were evaluated in the present study. The patient ages
ranged from 40 to 82 years (median=68 years). The
preoperative AGR ranged from 0.29 to 2.47 (median=1.52).
The median follow-up period was 80.0 months (range=22.0-
130.0 months). A total of 57 and 48 patients were classified
into the high and low AGR groups, respectively. Table I
summarizes the background characteristics of the patients in
the groups with high and low AGR in the present study. There
were significant differences between the two groups in age
and pathological depth invasion: In the group with low AGR,
the percentage of patients aged 75 years or older and patients
with T3 disease was greater.

Short-term outcomes. Table II summarizes patients’ short-
term outcomes. There was no significant difference in the
operative time (589 vs. 597 min, p=0.50) and the amount of
blood loss (540 vs. 552.5 ml, p=0.60) between the high and
low AGR groups. Moreover, there was no significant
difference in the rate of overall postoperative complications
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Figure 1. Receiver operating characteristic curve analysis of the
albumin-to-globulin ratio in patients who underwent potentially curative
surgery for esophageal cancer. Area under the curve=0.64, 95%
confidence interval=0.53-0.75. An albumin-to-globulin ratio of 1.48 was
considered the optimum cutoff value by maximizing Youden’s index
(sensitivity+specificity−1).



greater than Clavien-Dindo grade 3 between the two groups
(50.9% vs. 54.2%, p=0.85). However, the duration of
postoperative stay was significantly longer for the low AGR

group than that for the high AGR group (23 vs. 47 days,
p=0.006). The mortality rate did not differ significantly
between the two groups (0.0% vs. 2.1%, p=0.46).
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Table I. Comparison between the preoperative albumin-to-globulin ratio (AGR) and clinicopathological factors in patients who underwent curative
surgery for esophageal cancer.

AGR, n (%)

Factor                                                            Subgroup Overall, n (%) High (n=57) Low (n=48) p-Value

Age                                                                <75 Years 85 (81.0) 51 (89.5) 34 (70.8)                  0.024
                                                                      ≥75 Years 20 (19.0) 6 (10.5) 14 (29.2)                    
Gender                                                           Female 15 (14.3) 8 (14.0) 7 (14.6)                >0.99
                                                                      Male 90 (85.7) 49 (86.0) 41 (85.4)                    
Site of tumor                                                 Upper thoracic 25 (23.8) 13 (22.8) 12 (25.0)               >0.99
                                                                      Middle thoracic 51 (48.6) 28 (49.1) 23 (47.9)                    
                                                                      Lower thoracic 29 (27.6) 16 (28.1) 13 (27.1)                    
Pathological depth invasion                         T1-2 59 (56.2) 38 (66.7) 21 (43.8)                  0.029
                                                                      T3 46 (43.8) 19 (33.3) 27 (56.2)                    
Pathological lymph node status                   Negative 54 (51.4) 30 (52.6) 24 (50.0)                  0.85
                                                                      Positive 51 (48.6) 27 (47.4) 24 (50.0)                    
Smoking habit                                               No 10 (9.5) 8 (14.0) 2 (4.2)                    0.11
                                                                      Yes 95 (90.5) 49 (86.0) 46 (95.8)                    
Alcohol habit                                                No 13 (12.4) 8 (14.0) 5 (10.4)                   0.77
                                                                      Yes 92 (87.6) 49 (86.0) 43 (89.6)                    
Operation approach                                      Thoracotomy 27 (25.7) 16 (28.1) 11 (22.9)                  0.66
                                                                      Laparoscopic 78 (74.3) 41 (71.9) 37 (77.1)                    
Lymph node dissection                                 Two-field 57 (55.3) 33 (57.9) 24 (52.2)                  0.69
                                                                      Three-field 46 (44.7) 24 (42.1) 22 (47.8)                    
Neoadjuvant chemotherapy                          No 50 (47.6) 27 (47.4) 23 (47.9)               >0.99
                                                                      Yes 55 (52.4) 30 (52.6) 25 (52.1)

Table II. Short-term outcomes according to the preoperative albumin-to-globulin ratio (AGR) for patients who underwent curative surgery for
esophageal cancer.

AGR, n (%)

Factor Overall High (n=57) Low (n=48) p-Value

Median operative time, min (range) 592 (259-911) 589 (332-877) 597 (259-911)              0.50
Median blood loss, ml (range) 542 (70-3,000) 540 (70-3,000) 552.5 (100-2,992)          0.60
Complications, n (%)* 55 (52.4) 29 (50.9) 26 (54.2)                  0.85
Anastomotic leakage, n (%) 28 (26.7) 12 (21.1) 16 (33.3)                  0.19
Pneumonia, n (%) 14 (13.3) 9 (15.8) 5 (10.4)                   0.57
Recurrent nerve paralysis, n (%) 13 (12.4) 6 (10.5) 7 (14.6)                   0.57
Pleural effusion, n (%) 6 (5.7) 4 (7.0) 2 (4.2)                    0.69
Anastomotic stenosis, n (%) 4 (3.8) 2 (3.5) 2 (4.2)                  >0.99
Delayed gastric conduit emptying, n (%) 2 (1.9) 2 (3.5) 0 (0.0)                    0.50
GI bleeding, n (%) 1 (1.0) 0 (0.0) 1 (2.1)                    0.46
Bleeding, n (%) 1 (1.0) 1 (1.8) 0 (0.0)                  >0.99
Pancreatic fistula, n (%) 1 (1.0) 1 (1.8) 0 (0.0)                  >0.99
Heart failure, n (%) 1 (1.0) 1 (1.8) 0 (0.0)                  >0.99
Pneumothorax 1 (1.0) 1 (1.8) 0 (0.0)                  >0.99
Median POS, days (range) 31 (13-376) 23 (13-376) 47 (13-216)                0.006
Mortality, n (%) 1 (1.0) 0 (0.0) 1 (2.1)                    0.46
Due to GI bleeding 1 (1.0) 0 (0.0) 1 (2.1)                    0.46

GI: Gastrointestinal; POS: postoperative hospital stay. *Clavien-Dindo grade ≥3.



Survival analyses. The 5-year OS rates after surgery were 67.2%
for the high AGR group and 33.8% for the low AGR group
(p<0.001). The OS curves are shown in Figure 2. Univariate

analyses for OS showed that the AGR was a significant
prognostic factor, as were age, depth of tumor invasion, and
lymph node status (Table III). The AGR, age, and depth of tumor
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Table III. Univariate and multivariate Cox proportional hazards analysis of clinicopathological factors for overall survival in patients who underwent
curative surgery for esophageal cancer.

Univariate analysis Multivariate analysis

Factor Subgroup No. of patients HR 95% CI p-Value HR 95% CI p-Value

Age <75 Years 85                     1                                                            
≥75 Years 20                     1.59 1.59-5.46        <0.001            2.39 1.25-4.55         0.008

Gender Female 15                     1                                                            
Male 90                     1.53 0.60-3.86          0.37                                   

Site of tumor Upper thoracic 25                     1                                                            
Middle-Lower 80                     1.1 0.56-2.16          0.8                                     

Pathological depth invasion T1-2 59                     1                                                            
T3 46                     2.84 1.60-5.04        <0.001            1.1 1.11-1.18         0.004

Pathological lymph node status Negative 54                     1                                                            
Positive 51                     2.01 1.13-3.57          0.016            1.68 0.93-3.05         0.088

Operation approach Laparoscopic 78                     1                                                            
Thoracotomy 27                     1.05 0.56-1.99          0.88                                   

Lymph node dissection Two-field 57                     1                                                            
Three-field 46                     1.06 0.59-1.88          0.85                                   

Neoadjuvant chemotherapy Yes 55                     1                                                            
No 50                     1.22 0.70-2.14          0.48                                   

Preoperative AGR >1.48 57                     1                                                            
≤1.48 48                     3.01 1.69-5.38        <0.001            2.27 1.24-4.17         0.008

AGR: Albumin-to-globulin ratio; CI: confidence intervaI; HR: hazard ratio.

Table IV. Univariate and multivariate Cox proportional hazards analysis of the relationship between clinic pathological factors and recurrence-
free survival in patients who underwent curative surgery for esophageal cancer.

Univariate analysis Multivariate analysis

Factor Subgroup Patients, n HR 95% CI p-Value HR 95% CI p-Value

Age <75 Years 85                     1                                       1                    
≥75 Years 20                     2.02 1.12-3.65          0.017            1.69 0.91-3.11         0.094

Gender Female 15                     1                                                            
Male 90                     1.42 0.65-3.14          0.378                                 

Site of tumor Upper thoracic 25                     1                                                            
Middle-Lower 80                     1.07 0.59-1.95          0.83                                   

Pathological invasion depth T1-2 59                     1                                       1                    
T3 46                     2.8 1.65-4.74        <0.001            2.23 1.29-3.87         0.004

Pathological LN status Negative 54                     1                                       1                    
Positive 51                     2.02 1.20-3.41          0.007            1.68 0.98-2.91         0.061

Operative approach Laparoscopic 27                     1                                                            
Thoracotomy 78                     1.33 0.75-2.34          0.327                                 

Lymph node dissection Two-field 57                     1                                                            
Three-field 46                     1.04 0.61-1.76          0.882                                 

Neoadjuvant chemotherapy No 50                     1                                                            
Yes 55                     1.21 0.72-2.03          0.479                                 

Preoperative AGR >1.48 57                     1                                       1                    
≤1.48 48                     2.17 1.29              0.003            1.72 1.00-2.96         0.049

AGR: Albumin-to-globulin ratio; CI: confidence intervaI; HR: hazard ratio; LN: lymph node.



invasion were selected for the final model to be analyzed using
a multivariate analysis. The 5-year RFS rates after surgery were
51.6% for the high AGR group and 28.5% for the low AGR
group, which was also a statistically significant difference
(p=0.003). The RFS curves are shown in Figure 3. The
univariate analysis of factors associated with RFS showed that
the AGR was a significant prognostic factor, as were age, depth
of tumor invasion, and lymph node status (Table IV), which
were the same factors as those for OS. The multivariate analysis
showed that the AGR and depth of invasion were significant
prognostic factors associated with RFS.

During the study period, 23 out of the 57 (40.4%) patients
in the high AGR group and 25 of the 48 (52.1%) patients in
the low AGR group developed recurrence. Comparison of
the distribution of the sites of recurrence showed no
significant difference between the two groups (Table V). The
major sites of recurrence in the high AGR group were extra-
regional lymph nodes, lungs, and liver in order of frequency,
while those in the low AGR group were extra-regional lymph
nodes, liver, and lungs.

Discussion

The present study aimed to evaluate the clinical impact of
the AGR, which was calculated from preoperatively
measured serum total protein, albumin, and globulin (serum
total protein − albumin), in patients who underwent curative
resection for esophageal cancer. We have shown that the
AGR was a significant risk factor for RFS and OS in those
patients. Therefore, the AGR may be a useful biomarker that
can identify patients with esophageal cancer who require
more effective therapeutic strategies.

To the best of our knowledge, there are only two previous
studies that investigated the prognostic significance of AGR
in patients with esophageal cancer. Oki et al. assessed the
prognostic impact of AGR in 112 patients with esophageal
cancer who underwent surgery (13). Multivariate analyses
demonstrated that lower AGR was an independent predictive
factor for poor OS [hazard ratio (HR)=0.47, 95% CI=0.24-
0.92, p=0.028] and DFS (HR=0.37, 95% CI=0.16-0.85;
p=0.02), and our findings were consistent with those of their
study. In contrast, according to Zhang et al.’s retrospective
study including 458 patients with esophageal squamous cell
cancer who underwent radical esophagectomy, the
preoperative AGR was not an independent prognostic
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Figure 2. A comparison of the overall survival rates in the groups with
high and low albumin-to-globulin ratio (AGR) after curative surgery for
esophageal cancer.

Figure 3. A comparison of the recurrence-free survival rate in the high
and low albumin to globulin ratio (AGR) groups after curative surgery
for esophageal cancer.

Table V. Sites of recurrence of esophageal cancer according to the
preoperative albumin-to-globulin ratio (AGR) (n=48).

AGR, n (%)

Overall, n (%) High (n=23) Low (n=25) p-Value

Extra-regional 32 (66.7) 16 (69.6) 16 (64.0)          0.77
lymph node

Lung 12 (25.0) 8 (34.8) 4 (16.0)           0.19
Liver 10 (20.8) 3 (13.0) 7 (28.0)           0.29
Brain 5 (10.4) 2 (8.7) 3 (12.0)         >0.99
Pleura 3 (6.2) 0 (0.0) 3 (12.0)           0.24
Bone 3 (6.2) 1 (4.3) 2 (8.0)          >0.99
Local 3 (6.2) 2 (8.7) 1 (4.0)             0.60
Peritoneum 1 (2.1) 0 (0.0) 1 (4.0)          >0.99
Adrenal gland 1 (2.1) 0 (0.0) 1 (4.0)          >0.99
Spleen 1 (2.1) 1 (4.3) 0 (0.0)             0.48



indicator (14). However, they did show that having a high
albumin level (≥4.56 mg/dl) and low globulin level (<2.69
mg/dl) was significantly associated with favorable OS
(HR=0.630, 95% CI=0.418-0.952; p=0.028) in multivariate
models. According to Zhang et al., possible reasons why the
preoperative AGR was not an independent prognostic
indicator for esophageal squamous cell cancer remained
unclear. However, previous studies yielded conflicting
results. The present and Oki et al.’s studies were conducted
in Japan and included patients who were treated with surgery
and neoadjuvant chemotherapy because they are standard
therapies for clinical stage II and III thoracic esophageal
cancer in Japan (3). In contrast, Zhang et al.’s study, which
was conducted in China and excluded patients who received
preoperative chemotherapy. AGR might be an independent
prognostic indicator only for patients with esophageal cancer
receiving neoadjuvant chemotherapy.

An association between the AGR and survival of patients
with esophageal cancer may be biologically plausible and
requires further elucidation. Serum albumin is an indicator of
poor nutritional status. Nutritional disorders have been shown
to occur not only in patients with advanced cancer but also in
patients with early-stage cancer, and they have been identified
as independent prognostic factors (15-19). It was reported that
nutritional disorders increase the risk of infection in the
perioperative period and increase adverse events during
systemic chemotherapy, which negatively affected the efficacy
and continuity of treatment (20). Moreover, serum globulin
has been confirmed to be involved in the inflammatory
process (5, 21). Previous studies have shown that an
inflammatory response in the tumor microenvironment can
contribute to tumor progression, distant metastasis, antitumor
immunity reduction, and oncological treatment weakening,
thus leading to poor prognosis (21-26).

This study has some limitations. Firstly, a consensus
regarding the optimal cutoff point for the AGR is still
unknown. In the present study, we set the cutoff value of AGR
at 1.48 according to the ROC and 5-year OS rates. Similarly,
Oki et al. set 1.41 as their cutoff value according to the ROC
curve analysis with Youden’s index (13). Zhang et al. set 1.30
as their cutoff value of AGR according to the method
established by Jan Budczies et al. (14, 27). The optimal
method for evaluating the AGR and the ideal cutoff value need
to be clarified before this parameter can be implemented in
daily clinical practice. Secondly, selection bias might have
been present due to the retrospective, nonrandomized design
of this study. Thirdly, the present study comprised a small
sample size. Thus, our findings were possibly observed by
chance. Further prospective investigations with larger sample
sizes are required to confirm our results. However, despite
these limitations, our finding was significant considering that
it identifies and predicts patients with high risk of recurrence
who require more effective therapeutic strategies.

Conclusion

Our study suggests that the preoperative AGR is a risk factor
for poor RFS and OS in patients who are planning to
undergo curative surgery for esophageal cancer. AGR may
be a useful biomarker for establishing treatment strategies to
improve patients’ survival.
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