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Purpose: The liver function index can predict the prognosis of hepatocellular carcinoma and 
many other non-neoplastic diseases. We aimed to determine whether the preoperative 
albumin–bilirubin (ALBI) grade could predict the prognosis of patients with gastric cancer 
(GC).
Patients and Methods: Data of 243 patients with GC who underwent radical resection 
were collected retrospectively. Patients were divided into the high ALBI (>−2.34) and low 
ALBI (≤−2.34) grade groups. Overall survival was analyzed between the two groups using 
the Kaplan–Meier curves. Univariate and multivariate analyses identified the independent 
factors associated with postoperative complications and overall survival.
Results: The postoperative complication rates were higher in the high ALBI grade group 
than in the low ALBI grade group (P=0.005). The high ALBI grade group also had worse 
overall survival (P<0.001), especially TNM stage II–III patients (stage II, P=0.043; stage III, 
P<0.001). In the high ALBI grade group, patients with TNM stage III not undergoing 
chemotherapy had significantly worse survival times (P=0.001). High ALBI grade 
(P=0.032), Charlson score of 1–2 (P=0.007), and laparotomy surgery (P=0.045) were 
independent risk factors for postoperative complications. High ALBI grade (P=0.005), age 
≥70 years (P=0.002), nutritional risk screening score 2002 score of 5–6 (P=0.019), tumor 
located in the cardia (P=0.020), diffuse tumor (P<0.001), and TNM stage III (P<0.001) were 
independent risk factors for overall survival.
Conclusion: Preoperative ALBI grade could predict postoperative complications and over-
all survival of patients with GC, especially those with TNM stages II–III. This grading 
method has the advantages of preoperative availability, simplicity, and objectivity and aids in 
improving preoperative prognosis prediction and in achieving better outcomes of postopera-
tive chemotherapy.
Keywords: gastric cancer, albumin–bilirubin, liver function, prognosis, postoperative 
complications

Introduction
Gastric cancer (GC) is the fifth most common cancer and the third leading cause of 
cancer-related deaths worldwide. In 2018, >1,000,000 new patients were diagnosed 
with GC and approximately 780,000 deaths occurred.1 Asia has the highest incidence 
of GC in the world.1 Only two countries in Asia, Japan and South Korea, have 
screening programs for high-risk groups to detect early-stage GC,2 but the clinical 
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evidence of endoscopic screening is not sufficient to recom-
mend its use on a global scale.3 Many patients are often 
diagnosed only when there is local invasion of the tumor or 
distant metastases because early-stage GC has atypical 
symptoms.2

At present, surgical-based comprehensive treatment is 
still the main treatment of advanced GC.4 The prognosis of 
postoperative GC is often one of the most concerning 
issues among patients and clinicians. Studies have reported 
that risk factors, such as preoperative serum albumin 
(ALB), preoperative electrolytes, and preoperative nutri-
tional status, predict the prognosis of GC.5–7 However, 
there is still no simple, effective, and objective indicator 
to predict the prognosis after a gastrectomy.

The albumin–bilirubin (ALBI) grade was originally 
developed to assess the liver function in patients with 
hepatocellular carcinoma (HCC).8 Further studies have 
found that the ALBI grade could predict the prognosis of 
patients with HCC.9,10 Using only two objective indexes, 
ie ALB and total bilirubin (TB), which can reflect the 
synthesis and metabolic function of the liver, the ALBI 
grading method has the advantage of being low cost, easily 
implemented, and objective.8 It is reported that nutritional 
status could affect the prognosis of GC patients after 
radical resection.11,12 The liver is the main site for the 
synthesis and metabolism of nutrients, and an abnormal 
liver function will affect the nutritional status of the body. 
In addition, liver function is closely related to the tolerance 
for postoperative chemotherapy.13 Therefore, we want to 
know whether the preoperative ALBI grade can affect the 
prognosis of patients with GC. A previous study has found 
that ALBI grade can predict the long-term prognosis of 
GC.14 However, this study only found that ALBI grade 
can predict the long-term prognosis of GC, and whether 
ALBI grade can predict postoperative complications in 
patients with GC is still unclear. The aim of this study 
was to comprehensively analyze whether the preoperative 
ALBI grade had a significant influence on the short-term 
and long-term prognoses of patients with GC who under-
went radical resection, and to provide an effective preo-
perative assessment tool for clinicians.

Materials and Methods
Inclusion and Exclusion Criteria
Data of GC patients who underwent radical resection and 
perigastric lymph node dissection according to the 
Japanese Gastric Cancer Treatment Guidelines in the 2nd 

Affiliated Hospital of Wenzhou Medical University 
between December 2014 and December 2016 were col-
lected retrospectively in this analysis.15 After undergoing 
radical resection, GC patients are recommended to 
undergo adjuvant S-1 monotherapy or S-1- based com-
bined chemotherapy.16,17 The exclusion criteria for select-
ing the study participants are as follows: (1) Patients who 
had undergone palliative surgery; (2) those with liver 
infiltration; (3) those who had received neoadjuvant che-
motherapy before the operation (patients with tumor, node, 
metastasis (TNM) stage IV GC were not included in this 
study); (4) those with serious organic liver diseases or 
other tumors; and (5) those who were lost to follow-up 
and followed for less than 1 year. Outpatient or telephone 
follow-ups were carried out every 3 months after hospital 
discharge.

Clinical Parameters and Laboratory 
Results
The following data were obtained from the medical 
records: (1) clinical parameters, including age, sex, 
American Association of Anesthesiologists (ASA) classi-
fication, body mass index (BMI), nutritional risk screening 
2002 (NRS-2002) score;18 (2) operation record, including 
combined organ resection, laparoscopic assisted surgery, 
the number of positive lymph nodes dissected; (3) post-
operative outcomes, including postoperative complications 
(Clavien-Dindo grade ≥II considered as postoperative 
complications),19 hospitalization cost, and postoperative 
hospital stay; (4) laboratory results, including biochemical 
data (TB and ALB); and (5) follow-up data (all patients 
were followed until October 2019 or death).

Blood samples from all enrolled patients were col-
lected within 7 days before the operation. The ALBI 
grade was calculated as follows: ALBI = (log10 TB con-
centration × 0.66) + (ALB concentration × −0.085), (the 
unit of TB is μmol/L; the unit of ALB concentration is g/ 
L).8 Two researchers evaluated any complications that 
occurred within 30 days after the operation according to 
the postoperative complication grading system of Clavien- 
Dindo,19 and a third researcher reassessed the differences 
in the classification of complications.

Statistical Method
X-tile software (version 3.6.1, Yale University, USA) was 
used to determine the optimal cut-off value for the ALBI 
grade,20 which was set at −2.34. We divided the GC 
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patients into two groups based on their ALBI grade (low 
ALBI grade group, ≤−2.34 and high ALBI grade group, > 
−2.34). Continuous data were expressed as mean (n) ± 
interquartile range (IQR) or mean ± standard deviation 
(SD) depending on their normality. Categorical variables 
were expressed as the number of patients (percentage). 
Independent sample student's t-test or non-parametric test 
was used to analyze the continuous data. Chi-square test or 
Fisher’s exact test (theoretical number less than 5) was 
used to analyze the categorical variables. Univariate and 
multivariate analyses of various clinicopathological factors 
for postoperative complications were carried out using 
binary logistic regression analysis. Overall survival (OS) 
was calculated from the date of surgery to the date of death 
or the last available follow-up. The survival curve of the 
high ALBI grade group versus the low ALBI grade group 
was compared using the Kaplan–Meier method, and the 
Log rank test was used to analyze the significance. 
Univariate and multivariate analyses for OS were carried 
out using Cox regression analysis. The possible risk fac-
tors that were significant in the univariate analysis were 
included in the multivariate Cox proportional hazards 
model, and a forward stepwise selection: LR was per-
formed. All tests were considered statistically significant 
at P<0.05 (two-sided), and all statistical analyses were 
performed using SPSS software (version 22.0 IBM 
Corp., Armonk, USA).

Results
Clinicopathological Characteristics of 
Patients
At the final follow-up in October 2019, among the 272 
patients initially enrolled in this study, 77 patients had 
died, 27 patients were excluded because they were lost to 
follow-up or were followed up for less than 1 year, and 2 
patients had died within the first month. Finally, we ana-
lyzed a total of 243 patients. The median follow-up period 
was 1077 (706–1553) days. Of the 243 patients, 141 
(58.0%) had a high ALBI grade and 102 (42%) had 
a low ALBI grade. The clinicopathological features of 
these patients with GC are shown in Table 1. The high 
ALBI grade group was older (P<0.001) and had a higher 
NRS-2002 score than the low ALBI grade group 
(P=0.018). The high ALBI grade group had a lower BMI 
than the low ALBI grade group (P=0.015). There were no 
significant differences in sex, hypertension, diabetes, 

history of abdominal surgery, TNM stage, tumor differen-
tiation, and tumor location between the two groups.

Short-Term Postoperative Complications
As shown in Table 2, 63 (25.9%) patients had postopera-
tive complications. The complication and severe compli-
cation (Clavien-Dindo grade ≥III considered as severe 
complications) rates were higher in the high ALBI grade 
group than in the low ALBI grade group (32.6% versus 
16.7%, P=0.005; 11.3% versus 3.9%, P=0.038, respec-
tively). For the surgical and medical complications, the 
surgical complication rate was significantly higher in the 
high ALBI grade group than in the low ALBI grade group 
(27.0% versus 15.7%, P=0.035). The high ALBI grade 
group also had a higher medical complication rate than 
the low ALBI grade group (15.6% versus 11.8%), but the 
difference was not statistically significant (P=0.395).

The results of the univariate and multivariate analyses 
for postoperative complications are shown in Table 3. The 
univariate analysis revealed that a high ALBI grade (odds 
ratio [OR] 2.4, P=0.006), ASA score of 3–4 (OR 2.4, 
P=0.009), Charlson score of 1–2 (OR 2.7, P=0.002), 
Billroth II anastomosis (OR 2.7, P=0.029), Roux-en-Y 
anastomosis (OR 2.5, P=0.009), TNM stage III (OR 2.8, 
P=0.006), and laparotomy surgery (OR 2.7, P=0.015) were 
associated with postoperative complications. In the multi-
variate analysis, a high ALBI grade (OR 2.0, 95% con-
fidence interval [CI]: 1.1–3.9, P=0.032), Charlson score of 
1–2 (OR 2.3, 95% CI 1.3–4.4, P=0.007), and laparotomy 
surgery (OR 2.3, 95% CI: 1.0–5.4, P=0.045) were inde-
pendent risk factors for postoperative complications.

Postoperative Overall Survival
As shown in Figure 1, the high ALBI grade group had 
a shorter OS than the low ALBI grade group (median 
survival time of 33.8 versus 39.8 months, P<0.001). 
When staging by TNM, the survival time was significantly 
worse in the high ALBI grade patients with TNM stages II 
and III than in the low ALBI grade patients with the same 
stages (stage II, median survival time in high ALBI grade 
versus low ALBI grade was 33.9 months versus 41.9 
months, P=0.043; stage III, median survival time in high 
ALBI grade versus low ALBI grade was 24.1 months 
versus 40.4 months, P<0.001). Among patients with 
TNM stage I, there was no significant difference in OS 
between the high and low ALBI grade groups (median 
survival time was 41.2 months versus 38.7 months, 
P=0.900).
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Univariate analysis demonstrated that a high ALBI grade 
(hazard ratio [HR] 3.2, P<0.001), age≥70 years (HR 2.9, 
P<0.001), NRS-2002 score of 5–6 (HR 4.3, P<0.001), ASA 
score of 3–4 (HR 2.6, P<0.001), Charlson comorbidity index 
of 1–2 (HR 1.9, P=0.007), Charlson comorbidity index of 
3–6 (HR 3.1, P=0.011), diffuse tumors (HR 9.1, P<0.001), 
and TNM stage III (HR 9.3, P<0.001) are associated with 
a worse prognosis. In the multivariate analysis, a high ALBI 
grade (HR 2.3, 95% CI: 1.3–4.1, P=0.005), age ≥70 years 
(HR 2.2, 95% CI: 1.3–3.6, P=0.002), NRS-2002 score of 
5–6 (HR 2.3, 95% CI: 1.1–4.6, P=0.019), tumor located in 
the cardia (HR 2.1, 95% CI: 1.1–3.8, P=0.020), diffuse 
tumors (HR 3.0, 95% CI: 2.8–13.2, P<0.001), and TNM 

Table 1 Clinical Data Table of ALBI Grade

ALBI Grade High ALBI 

Group (141)

Low ALBI 

Group (102)

P-value

BMI, kg/m2 22.3± 3.0 23.2 ± 3.0 0.015*

Age (years) <0.001*

<70 76 (53.9%) 80 (78.4%)

≥70 65 (46.1%) 22 (21.6%)

Sex 0.331

Female 25 (17.7%) 24 (23.5%)

Male 116 (79.8%) 78 (76.5%)

Preoperative TB, 

median (IQR), μmol/L

9.6 ±5.1 7.7±2.8 <0.001*

Preoperative ALB, 

median (IQR), g/L

35.3±3.2 41.3±2.6 0.023*

NRS-2002 Score 0.018*

2–3 82 (58.2%) 77 (64.5%)

4–5 47 (33.3%) 21 (29.7%)

6 12 (8.5%) 4 (5.8%)

Hypertension 0.235

No 100 (70.9%) 80 (78.4%)

Yes 41 (29.1%) 22 (21.6%)

Diabetes 0.258

No 125 (88.7%) 85 (83.3%)

Yes 16 (11.3%) 17 (16.7%)

History of abdominal 

surgery

0.582

No 119 (84.4%) 89 (87.3%)

Yes 22 (15.6%) 13 (12.7%)

TNM stage 0.070

I 39 (27.7%) 37 (36.3%)

II 27 (19.1%) 26 (25.5%)

III 75 (53.2%) 39(38.2%)

Differentiation 0.058

High/ 

middle differentiation

113 (80.1%) 76 (74.5%)

Low/Non differentiation 13 (9.2%) 5 (4.9%)

Signet ring cell 15 (10.6%) 21 (20.6%)

Tumor location 0.110

Cardia 23 (16.3%) 12 (11.8%)

Corpus 24 (17.0%) 22 (21.6%)

Antrum 85 (60.3%) 67 (65.7%)

Diffuse 9 (6.4%) 1 (1.0%)

Notes: Results in the table are presented as mean ± SD or number (%); *P-value 
<0.05 is considered statistically significant. The continuous variables were calculated 
by the Kruskal Wallis rank sum test. Counting variables with theoretical number 
less than 5 were calculated by the Fisher exact probability test. 
Abbreviations: BMI, body mass index; NRS, nutritional risk screening; ALBI, albumin– 
bilirubin.

Table 2 Postoperative Outcomes

Factors Total 

(n=243)

High ALBI 

Group 

(141)

Low ALBI 

Group 

(102)

P-value

Total complications 63(25.9%) 46(32.6%) 17(16.7%) 0.005*

Severe complications a 20 (8.2%) 16(11.3%) 4(3.9%) 0.038*

Classification of 

complications

Surgical complications 54(22.2%) 38(27.0%) 16(15.7%) 0.035*

Gastrointestinal 

dysfunction b
18(7.4%) 11(7.8%) 7(6.8%)

Wound infection 7(2.9%) 4(2.8%) 3(2.9%)

Bleeding 7(2.9%) 7(5.0%) 0(0)

Intra-abdominal abscess 15(6.2%) 12(8.5%) 3(2.9%)

Anastomotic leakage 9(3.7%) 7(5.0%) 2(1.9%)

Medical complications 34(14.0%) 22(15.6%) 12(11.8%) 0.395

Pulmonary infection 13(5.3%) 9(6.4%) 4(3.9%)

Cardiac complications 2(1.0%) 2(1.4%) 0(0)

Venous thrombosis 5(2.1%) 3(2.1%) 2(1.9%)

Fever of unknown origin 8(3.3%) 2(1.4%) 6(5.9%)

Transfusion c 5(2.1%) 4(2.8%) 1(1.0%)

Stroke 1(0.4%) 1(0.7%) 0(0)

Mortality 1(0.4%) 1(%) 0(%)

Postoperative hospital 

stays, median (IQR), 

days

16.0(8.6) 17.0(9.8) 14.0(6.4) 0.010*

Costs (¥; median (IQR) 63,272.9 

(31,050.1)

69,117.6 

(3,7850.5)

55,193.4 

(1,4510.9)

0.004*

Notes: Results in the table are presented as mean ± SD or number (%). *P-value 
<0.05 is considered statistically significant. The continuous variables were calculated 
by the Kruskal Wallis rank-sum test. Counting variables with theoretical number 
less than 5 were calculated by the Fisher exact probability test. 
Abbreviations: a, Clavien-Dindo grade ≥lIII; b, including prolonged postoperative 
diarrhea and constipation; c, including albumin and/or erythrocyte; ALBI, albumin– 
bilirubin.
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Table 3 Univariate/Multivariate Analysis Table of Postoperative Complications

Factors Statistics Univariate Analysis Multivariate Analysis

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

ALBI grade

High ALBI VS Low ALBI 2.4 (1.3–4.5) 0.006* 2.0 (1.1–3.9) 0.032*

BMI (kg/m2) 22.7 ± 3.0 1.0 (0.9–1.1) 0.927

Age (years)

<70 156 (64.2%) 1

≥70 87 (35.8%) 1.6 (1.0–3.0) 0.098

NRS-2002 score

1–2 159 (65.4%) 1

3–4 68 (28.0%) 1.6 (0.9–3.1) 0.126

5–6 16 (6.6%) 1.6 (0.5–4.8) 0.441

ASA score 0.302

1–2 194 (79.8%) 1

3–4 49 (20.2%) 2.4 (1.2–4.7) 0.009*

Charlson score

0 127 (52.3%) 1 1

1–2 106 (43.6%) 2.7 (1.5–4.9) 0.002* 2.3(1.3–4.4) 0.007*

3–6 10 (4.1%) 2.0 (0.5–8.5) 0.326 1.5(0.4–6.5) 0.577

Hypertension

No 180 (74.1%) 1

Yes 63 (25.9%) 1.2 (0.6–2.3) 0.578

Diabetes

No 210 (86.4%) 1

Yes 33 (13.6%) 1.5 (0.7–3.3) 0.299

History of abdominal surgery

No 208 (85.6%) 1

Yes 35 (14.4%) 1.4 (0.6–3.0) 0.423

Anastomosis mode 0.289

Billroth I 90 (37.0%) 1

Billroth II 36 (14.8%) 2.7 (1.1–6.7) 0.029*

Roux-en-Y 117 (48.1%) 2.5 (1.3–5.0) 0.009*

TNM stage 0.134

I 76 (31.3%) 1

II 53 (21.8%) 2.3 (1.0–5.6) 0.058

III 114 (46.9%) 2.8 (1.3–6.0) 0.006*

Differentiation

High/middle differentiation 189 (77.8%) 1

Low/Non differentiation 18 (7.4%) 1.5 (0.5–4.2) 0.434

Signet ring cell 36 (14.8%) 1.2 (0.5–2.6) 0.713

Combined organ resection

No 219 (90.1%) 1

Yes 24 (9.9%) 0.9 (0.4–2.5) 0.913

Laparoscopy

Yes 59 (24.3%) 1

No 184 (75.7%) 2.7 (1.2–6.1) 0.015* 2.3(1.0–5.4) 0.045*

Notes: Results in the table are presented as mean ± SD or number (%); *P-value <0.05 is considered statistically significant. Univariate analysis showed that the exposure 
factors with P<0.05 were included in the multivariate analysis: Forward: LR. 
Abbreviations: OR, odds ratio; CI, confidence interval; BMI, body mass index; NRS, nutritional risk screening; ASA, American Society of Anaesthesiologists; ALBI, albumin–bilirubin.
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stage III (HR 9.5, 95% CI: 4.0–22.1, P<0.001) were inde-
pendent risk factors for OS (Table 4).

Influence of Chemotherapy Outcome
As shown in Figure 2, patients with TNM stage III had 
significantly worse survival times. The median survival 
time was 40.7 months in patients with a low ALBI grade 
who were undergoing chemotherapy, 39.6 months in 

patients with a low ALBI grade who were not undergoing 
chemotherapy (P=0.760); 27.4 months in patients with 
a high ALBI grade who were undergoing chemotherapy, 
and 12.5 months in patients with a high ALBI grade who 
were not undergoing chemotherapy (P=0.001). Among the 
patients with TNM stage I, the OS was not significantly 
different between patients with a low ALBI grade with and 
without chemotherapy (median survival time: 42.0 versus 

Figure 1 Kaplan–Meier curves comparing the overall survival between the high and low ALBI grade groups with different TNM stages. Kaplan–Meier curves of (A) all 
patients, (B) patients with TNM stage I, (C) patients with TNM stage II, and (D) patients with TNM stage III. P-value is calculated by Log rank test. 
Abbreviations: ALBI, albumin–bilirubin; TNM, tumor-node-metastasis.
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Table 4 Univariate/Multivariate Analysis Table of Overall Survival

Factors Statistics Univariate Analysis Multivariate Analysis

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

ALBI grade
High ALBI VS Low ALBI 3.2 (1.9–5.6) <0.001* 2.3 (1.3–4.1) 0.005*

BMI (kg/m2) 22.7 ± 3.0 1.0 (0.9–1.0) 0.244

Age (years)
<70 156 (64.2%) 1 1

≥70 87 (35.8%) 2.9 (1.8–4.6) <0.001* 2.2 (1.3–3.6) 0.002*

Sex
Female 49 (20.2%) 1
Male 194 (79.8%) 1.2 (0.7–2.2) 0.508

NRS-2002 score
1–2 159 (65.4%) 1 1

3–4 68 (28.0%) 1.4 (0.9–2.4) 0.173 0.9 (0.6–1.6) 0.844

5–6 16 (6.6%) 4.3 (2.3–8.3) <0.001* 2.3 (1.1–4.6) 0.019*

ASA score 0.728
1–2 194 (79.8%) 1

3–4 49 (20.2%) 2.6 (1.6–4.1) <0.001*

Charlson score 0.409

0 127 (52.3%) 1

1–2 106 (43.6%) 1.9 (1.2–3.1) 0.007*
3–6 10 (4.1%) 3.1 (1.3–7.6) 0.011*

Hypertension
No 180 (74.1%) 1

Yes 63 (25.9%) 1.5 (0.9–2.4) 0.093

Diabetes
No 210 (86.4%) 1

Yes 33 (13.6%) 1.1 (0.6–2.1) 0.782

History of abdominal surgery
No 208 (85.6%) 1
Yes 35 (14.4%) 1.0 (0.5–1.9) 0.954

Tumor location
Antrum 152(62.6%) 1 1

Corpus 46 (18.9%) 1.1 (0.6–2.1) 0.746 1.7(0.9–3.2) 0.102

Cardia 35(14.4%) 1.8 (1.0–3.2) 0.059 2.1(1.1–3.8) 0.020*
Diffuse 10 (4.1%) 9.1(4.3–19.1) <0.001* 3.0(2.8–13.2) <0.001*

TNM stage
I 76 (31.3%) 1 1

II 53 (21.8%) 2.6 (0.9–7.1) 0.068 2.6 (0.9–7.4) 0.065

III 114 (46.9%) 9.3 (4.0–21.6) <0.001* 9.5 (4.0–22.1) <0.001*

Differentiation
High/middle differentiation 189 (77.8%) 1
Low/Non differentiation 18 (7.4%) 1.7 (0.8–3.5) 0.161

Signet ring cell 36 (14.8%) 0.7 (0.4–1.5) 0.362

(Continued)
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36.5 months P=0.320), and between patients with a high 
ALBI grade with and without chemotherapy (37.4 versus 
41.3 months, P=0.991). Among the patients with TNM 
stage II, the OS was 42.7, 34.3, 39.3 and 32.3 months in 
patients with a low ALBI grade with chemotherapy, those 
with a low ALBI grade without chemotherapy (versus 
patients with a low ALBI grade with chemotherapy, 
P=0.409), those with a high ALBI grade with chemother-
apy, and those with a high ALBI grade without chemother-
apy (versus patients with a high ALBI grade with 
chemotherapy, P=0.200).

Discussion
The preoperative ALBI grading system, as a new method 
for assessing liver function, has been validated in many 
retrospective studies.8,21 A large number of studies have 
shown that the preoperative ALBI grade could predict the 
prognosis of HCC.9,22 Apart from HCC cases, a study also 
showed that the ALBI grade had a great ability to predict 
recurrences after radical gastrectomy in patients with pT2- 
4 GC.14 In the current study, we first tried to comprehen-
sively analyze the ability of preoperative ALBI grade to 
predict the long- and short-term prognoses of patients 
with GC. As expected, we found that the preoperative 
ALBI grade can also predict the long- and short-term 
prognoses of these patients. The preoperative ALBI grad-
ing method has the advantages of preoperative accessibil-
ity, convenience, and low cost; thus, it is expected to be 
a good biomarker for predicting the prognosis of 
advanced GC.

In this study, the incidence of postoperative complica-
tions, especially the surgical complications and severe 
complications, length of postoperative hospital stay, and 

hospitalization cost was higher in the high ALBI grade 
group than in the low ALBI grade group. These findings 
are similar to the results of a previous study reporting that 
ALBI grade is associated with bile leakage and liver fail-
ure after hepatectomy.23 Furthermore, a previous study 
showed that preoperative hypoproteinemia was an inde-
pendent risk factor for incision infection after gastrointest-
inal surgery and was associated with longer hospital stay.24 

In contrast, Mitsuro Kanda et al reported that preoperative 
ALBI grades did not predict the postoperative complica-
tions in patients with pT2-4 GC.14 The reason for this 
result may be due to the different definition of postopera-
tive complications used in their study. The mechanism of 
the influence of preoperative ALBI on postoperative com-
plications may be related to the decreased ability of liver 
albumin synthesis in patients with a high ALBI grade, 
which results in malnutrition. In our study, we found that 
the high ALBI group had lower BMI and higher NRS- 
2000 score than the low ALBI group. Malnutrition can 
lead to increased susceptibility to infection, damaged 
blood coagulation, vascular wall fragility, prolonged 
wound healing, and increased risk for postoperative 
complications.25,26 In addition, patients with a high ALBI 
grade are generally older, which is one of the reasons for 
the high incidence of postoperative complications in this 
patient group.

Another concern is the effect of ALBI on the long-term 
prognosis of patients with GC. In this study, we analyzed 
the influence of the ALBI grade on OS in different TNM 
stages, and we found that a high ALBI grade had 
a significant effect on the OS of GC patients with TNM 
stages II and III. While in TNM stage I GC, no significant 
association was found between ALBI and OS. This may be 

Table 4 (Continued). 

Factors Statistics Univariate Analysis Multivariate Analysis

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

Combined organ resection
No 219 (90.1%) 1

Yes 24 (9.9%) 1.6 (0.8–3.0) 0.190

Laparoscopy
No 184 (75.7%) 1

Yes 59 (24.3%) 0.6 (0.3–1.1) 0.114

Notes: *P-value <0.05 is considered statistically significant. Univariate analysis showed that the exposure factors with P<0.05 were included in the multivariate analysis: 
Forward: LR. 
Abbreviations: HR, hazard ratio; CI, confidence interval; BMI, body mass index; NRS, nutritional risk screening; ASA, American Society of Anaesthesiologists; ALBI, 
albumin–bilirubin.
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because the long-term prognosis of GC patients with TNM 
stage I is good and, in our data-set, the number of patients 
with TNM stage I is relatively small, with only six deaths 
occurring in this stage. Owing to the insufficient sample 
size of GC patients with stage I, the existing data can-not 
support the correlation between ALBI and OS. Or ALBI 
grade itself lacks prognostic value in patients with early 

stage of gastric cancer, which should be validated in 
further multicenter and large-sample studies. A previous 
study also reported similar results and concluded that pre-
operative ALBI grade could affect the long-term survival 
of patients with pT2-4 GC.14 The mechanism of how the 
ALBI grade affects the long-term survival of patients with 
GC can be explained from two aspects. The first one is the 

Figure 2 Kaplan–Meier curves comparing the effect of postoperative chemotherapy between the high and low ALBI grade groups with different TNM stages. Kaplan–Meier 
curves of (A) patients with TNM stage I, (B) patients with TNM stage II, and (C) patients with TNM stage III. P-value is calculated by Log rank test. 
Abbreviations: ALBI, albumin–bilirubin; TNM, tumor-node-metastasis.
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long-term damage caused by malnutrition. As mentioned 
previously, a high ALBI grade is usually accompanied by 
malnutrition. Malnutrition is the main cause of secondary 
immunodeficiency.27 Malnutrition affects T cell-mediated 
immune response, cytokines production and the ability of 
lymphocytes to respond appropriately to cytokines.28,29 

Protein and energy malnutrition not only can cause muscle 
mass and weight loss but also can lead to the decrease in 
interleukin (IL)-2, IL-3, and helper T cells, which leads to 
the decline of the immune function, thereby accelerating 
tumor progression.30–32 Some related studies have also 
proved that preoperative malnutrition has an adverse effect 
on the long-term prognosis of GC patients.11,12 The second 
one is the effect of high ALBI grade on chemotherapy 
tolerance. A previous study has found that malnutrition 
and liver dysfunction are the main factors leading to 
adverse reactions to chemotherapy.13 Postoperative adju-
vant chemotherapy has survival benefits to patients with 
advanced GC.33,34 However, due to the intolerance for 
chemotherapy in patients with a high ALBI grade, they 
refuse to undergo postoperative adjuvant chemotherapy or 
discontinue their chemotherapy halfway, resulting in a low 
survival rate among patients with a high ALBI grade.14,35 

This is consistent with the results of our study showing 
that patients with stage III GC with a high ALBI grade had 
the worst prognosis, but they could gain more benefits 
from chemotherapy. In addition, older age may also affect 
the long-term survival of GC patients with a high ALBI 
grade.

This study has some limitations. First, this is a single- 
center retrospective study. We did not validate our risk 
model externally or internally. Second, the current analysis 
only includes preoperative ALBI levels, and the dynamic 
changes of ALBI levels during treatment may affect the 
prognosis of patients with GC. In the future, we will study 
the significance of dynamic ALBI changes in the treatment 
of gastric cancer. Intervention of preoperative ALB and 
TB to improve chemotherapy tolerance and long-term 
efficacy requires prospective clinical trials.

Conclusion
The preoperative ALBI grade could predict postoperative 
complications and OS of patients with GC after operation, 
especially those with TNM stages II–III. Patients with 
different ALBI grade can be divided into either a poor or 
a good prognosis group. The results of the multivariate 
analysis showed that a high ALBI grade was an indepen-
dent risk factor for postoperative complications and OS. 

The ALBI grading method has the advantages of preopera-
tive availability, simplicity, and objectivity and aids in 
improving preoperative prognosis prediction and in mak-
ing better treatment plans after surgery.

Abbreviations
ALBI, albumin–bilirubin; GC, gastric cancer; ALB, albu-
min; TB, total bilirubin; HCC, hepatocellular carcinoma; 
TNM, tumor-node-metastasis; ASA, American 
Association of Anesthesiologists; BMI, body mass index; 
IQR, interquartile range; SD, standard deviation; OS, over-
all survival.
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