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Purpose  Albumin-bilirubin (ALBI) score is a well-known prognostic factor for various diseases, including colorectal cancer (CRC). 
However, little is known about the significance of postoperative ALBI score changes in patients with CRC.    
Materials and Methods  A total of 723 patients who underwent surgery were enrolled. Preoperative ALBI (ALBI-pre) and postopera-
tive ALBI (ALBI-post) scores were divided into low and high score groups. ALBI-trend was defined as a combination of four groups com-
prising the low and high ALBI-pre and ALBI-post score groups. Kaplan-Meier survival curves were used to compare the overall survival 
(OS) between the different ALBI groups. The Cox proportional hazards model was used to examine the independent relevant factors 
of OS. Stratification performance was compared between the different ALBI groupings using Harrell’s concordance index (C-index).
Results  ALBI-pre, ALBI-post, and ALBI-trend score groups were significant prognostic factors of OS in the univariable analysis. How-
ever, multivariable analysis showed that ALBI-trend was an independent prognostic factor while ALBI-pre and ALBI-post were not. The 
C-index of ALBI-trend (0.622; 95% confidence interval [CI], 0.587 to 0.655) was higher than that of ALBI-pre (0.589; 95% CI, 0.557 to 
0.621; bootstrap mean difference, 0.033; 95% CI, 0.013 to 0.057) and ALBI-post (0.575; 95% CI, 0.545 to 0.605; bootstrap mean 
difference, 0.047; 95% CI, 0.024 to 0.074).
Conclusion  Combining ALBI-pre and ALBI-post scores is an independent prognostic factor of OS and shows superior predictive power 
compared to ALBI-pre or ALBI-post alone in patients with CRC.
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Introduction

Although the mortality rate has decreased significantly 
due to enhanced screening, earlier detection and improved 
treatment, colorectal cancer (CRC) continues to be the fourth 
most deadly cancer after lung cancer, liver cancer, and stom-
ach cancer [1]. Surgery is the primary curative treatment for 
non-metastasized CRC [2,3], while adjuvant chemotherapy 
is usually recommended for high-risk stage II or stage III  
tumors [4]. However, even for patients in the same stage, 
prognosis can vary; therefore identification of prognostic 
markers and accurate prediction of prognosis is required for 
improving the current therapeutic approach. Inflammatory 
markers as well as genetic and epigenetic markers have been 
studied, but biomarkers that are simpler and easier to obtain 
are preferable [5-7].

The albumin-bilirubin (ALBI) score was first used to esti-
mate liver dysfunction severity in patients with hepatocel-
lular carcinoma (HCC), and the ALBI score is reported to be 

a simple and objective method for assessing liver function 
in these patients [8]. The prognostic value of ALBI score has 
also been observed in other cancers including CRC [9,10].

Previous studies have demonstrated that the change in 
ALBI score after treatment is a significant factor in predict-
ing prognosis, represented by overall survival (OS) in HCC 
patients [11,12]. A study performed on patients who under-
went hepatectomy for HCC showed that higher postopera-
tive ALBI score and ALBI changes after hepatectomy were 
independent predictors of inferior OS and recurrence-free 
survival [12]. Another study focused on changes in the ALBI 
score in association with prognosis in the patients with 
chronic hepatitis C–HCC receiving trans-arterial chemoem-
bolization and concluded that ALBI score change and base-
line ALBI score are independent predictive factors for tumor 
recurrence and OS [13]. To our knowledge, little is known 
about the prognostic significance of ALBI score change in 
CRC patients.

Thus, this study aimed to evaluate the prognostic value of 
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ALBI score change before and after surgery in comparison 
to ALBI score before or after surgery alone in patients with 
CRC.

Materials and Methods

1. Patients
Patients who underwent CRC surgery at the Gangnam 

Severance Hospital of Yonsei University College of Medicine 
between April 2006 and March 2014 were included. A total of 
1,453 patients were enrolled in the study. Exclusion criteria 
for study population selection were as follows: (1) patients 
with appendiceal cancer, anal cancer, and uncertain location 
information; (2) those with other types of cancer including 
neuroendocrine tumor and gastrointestinal stromal tumor; 
(3) patients with cancer stage 0 or missing stage information; 
(4) those who were diagnosed with hereditary nonpolypo-
sis CRC or familial adenomatous polyposis associated can-
cers; (5) patients who had undergone preoperative chemo-
radiotherapy or emergency operation; (6) those with double 
primary cancer or inflammatory bowel disease-associated 
cancer; and (7) those without available ALBI score in the pre-
operative and postoperative periods. The detailed inclusion 
criteria are illustrated in the S1 Fig. 

2. Patient management and follow-up
Chemotherapy was indicated for either patients in stage II 

with high risk, stage III, or stage IV. Patient recovery status 
and recommended guidelines for postoperative chemother-
apy were main considerations in the choice of chemotherapy 
agent. Consent with patients were made before chemothera-
py was administered.

Height, weight, albumin, bilirubin, and carcinoembry-
onic antigen (CEA) levels were obtained from the medical  
records. For each patient, tumor-associated information, 
such as location, size, histologic grade, lymphovascular inva- 
sion (LVI), and stage was extracted. The patients were fol-
lowed up in an outpatient setting every 3-6 months base. 
Basic lab, abdomino-pelvic or chest computed tomography 
(CT) and evaluation of CEA level was done. Follow-up colo-
noscopy was recommended at 1, 3, or 5 years after surgery. 
Pelvic magnetic resonance imaging or positron emission  
tomography/CT was selectively performed according to the 
patients’ characteristics. 

3. Defining of ALBI-pre, ALBI-post and ALBI-trend
According to a previous study, the ALBI score was calculat-

ed using the formula: ALBI=(log10 total bilirubin concentra-
tion [μmol/L]×0.66)+(albumin concentration [g/L]×−0.0852) 
[8]. For this analysis, ALBI scores were calculated twice,  

before the surgery and between 3 and 8 weeks after the sur-
gery. Scores measured before and after surgery were defined 
as ALBI-pre and ALBI-post scores, respectively. According 
to the score, every patient was classified into two groups:  
≤ –2.60 as low ALBI group and > –2.60 as high ALBI group.

The combined effect of ALBI-pre and ALBI-post scores was 
tested by setting a new variable named ALBI-trend, which 
was defined in the following manner: ALBI-trend group 1 
was defined as patients with low ALBI-pre and ALBI-post 
scores, group 2 was defined as patients having low ALBI-
pre but high ALBI-post scores, group 3 as patients with high 
ALBI-pre but low ALBI-post scores, and group 4 as patients 
having high ALBI-pre and ALBI-post scores. 

4. Statistical analysis
For each numerical variable, the commonly used cutoff 

values were set to change numerical variables into categori-
cal variables. All variables were expressed as the number of 
patients (percentage) and were compared between the low 
and high ALBI score groups. The chi-square test was used 
to determine whether there was a significant difference bet-
ween the categorical variables.

OS was defined and calculated as the time span between 
the date of surgery and the date of death or last follow-up. 
The Kaplan-Meier method was used to estimate the OS. Log-
rank test was performed to compare survival between the 
groups. The Cox proportional hazards model was used to 
test whether the ALBI scores influenced OS. Variables with p 
< 0.05 in the univariable analysis were selected and included 
in the multivariable analysis.

Harrell’s concordance index (C-index) values were cal-
culated with bootstrap and were compared to examine the 
correlation of OS with ALBI-pre, ALBI-post, and ALBI-trend 
score groups.

All statistical analyses were performed using R ver. 4.2.0 
(R-project, Institute for Statistics and Mathematics, Vienna, 
Austria). Statistical significance was set at p < 0.05.

Results

1. Patient characteristics
A total of 723 patients were included in this study. When 

grouped according to the ALBI-pre score, 586 patients 
(81.1%) were classified as having low ALBI-pre score, while 
137 patients (18.9%) were categorized as presenting with a 
high ALBI-pre score. Meanwhile, when classified according 
to the ALBI-post score, 615 patients (85.1%) were classified 
as having a low ALBI-post score, and 108 patients (14.9%) 
were categorized as presenting with a high ALBI-post score.  
According to the ALBI-trend, 523 (72.3%), 63 (8.7%), 92 
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(12.7%), and 45 (6.2%) patients were classified into groups 
1, 2, 3, and 4.

2. Association between the ALBI score and clinicopatho-
logical parameters

Patient characteristics were compared between the low 
and high ALBI groups, both for ALBI-pre and ALBI-post 
scores (Table 1). For the ALBI-pre score, patients classified 

into the high ALBI-pre score group were older (p < 0.001), 
had a lower body mass index (p=0.004), had colon cancer 
more frequently (p < 0.001), had larger tumor size (p < 0.001), 
were classified as stage IV with a higher frequency (p=0.013), 
had a higher complication rate (p=0.001), and had a lower 
administration rate of chemotherapy (p < 0.001) compared 
to those in the low ALBI-pre score group. Meanwhile, there 
were no significant differences regarding sex, CEA level, his-

Table 1.  Patient characteristics according to the low and high ALBI groups

Variable
	 Low ALBI-pre 	 High ALBI-pre 	

p-value
	 Low ALBI-post	 High ALBI-post  	

p-value
	 group (n=586)	 group (n=137)		  group (n=615) 	 group (n=108)

Sex		
    Female	 238 (40.6)	 54 (39.4)		  263 (42.8)	 29 (26.9)	
    Male	 348 (59.4)	 83 (60.6)	 0.872	 352 (57.2)	 79 (73.1)	 0.003
Age (yr)						    
    < 70	 453 (77.3)	 80 (58.4)		  476 (77.4)	 57 (52.8)	
    ≥ 70	 133 (22.7)	 57 (41.6)	 < 0.001	 139 (22.6)	 51 (47.2)	 < 0.001
BMI (kg/m2)	 23.5±2.9	 22.6±3.4	 0.004	 23.3±2.8	 23.5±3.8	 0.653
CEA (ng/mL)						    
    < 5	 355 (60.6)	 75 (54.7)		  374 (60.8)	 56 (51.9)	
    ≥ 5	 215 (36.7)	 57 (41.6)		  221 (35.9)	 51 (47.2)	
    Unknown	 16 (2.7)	 5 (3.6)	 0.433	 20 (3.3)	 1 (0.9)	 0.048
Tumor location						    
    Colon	 415 (70.8)	 118 (86.1)		  461 (75.0)	 72 (66.7)	
    Rectum	 171 (29.2)	 19 (13.9)	 < 0.001	 154 (25.0)	 36 (33.3)	 0.092
Tumor size (cm)						    
    < 5	 344 (58.7)	 51 (37.2)		  342 (55.6)	 53 (49.1)	
    ≥ 5	 242 (41.3)	 86 (62.8)	 < 0.001	 273 (44.4)	 55 (50.9)	 0.249
Histologic grade						    
    G1 & G2	 540 (92.2)	 123 (89.8)		  565 (91.9)	 98 (90.7)	
    G3 & MC & SRC	 46 (7.8)	 14 (10.2)	 0.464	 50 (8.1)	 10 (9.3)	 0.839
LVI						    
    Absent	 404 (68.9)	 90 (65.7)		  422 (68.6)	 72 (66.7)	
    Present	 169 (28.8)	 44 (32.1)		  180 (29.3)	 33 (30.6)	
    Unknown	 13 (2.2)	 3 (2.2)	 0.749	 13 (2.1)	 3 (2.8)	 0.867
Stage						    
    I & II	 216 (36.9)	 53 (38.7)		  229 (37.2)	 40 (37.0)	
    III	 290 (49.5)	 53 (38.7)		  299 (48.6)	 44 (40.7)	
    IV	 80 (13.7)	 31 (22.6)	 0.013	 87 (14.1)	 24 (22.2)	 0.078
Metastatectomy in stage IV						    
    R0 resection	 62 (77.5)	 14 (45.2)		  60 (69.0)	 16 (66.7)	
    R1 or R2 resection	 18 (22.5)	 17 (54.8)	 0.002	 27 (31.0)	 8 (33.3)	 > 0.99
Complications						    
    No	 447 (76.3)	 85 (62.0)		  493 (80.2)	 39 (36.1)	
    Yes	 139 (23.7)	 52 (38.0)	 0.001	 122 (19.8)	 69 (63.9)	 < 0.001
Chemotherapy						    
    No	 112 (19.1)	 50 (36.5)		  114 (18.5)	 48 (44.4)	
    Yes	 474 (80.9)	 87 (63.5)	 < 0.001	 501 (81.5)	 60 (55.6)	 < 0.001
Values are presented as number (%) or mean±SD. ALBI, albumin-bilirubin; BMI, body mass index; CEA, carcinoembryonic antigen; LVI, 
lymphovascular invasion; MC, mucinous adenocarcinoma; SD, standard deviation; SRC, signet-ring cell.
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tologic grade, and LVI.
Considering the ALBI-post score, patients in the high AL-

BI-post score group had a higher ratio of males (p=0.003), 
were older (p < 0.001), had a higher level of CEA (p=0.048), 
had a higher complication rate (p < 0.001), and had a lower 
administration rate of chemotherapy (p < 0.001) than those in 
the low ALBI-post score group. No significant difference was 
found between the two groups regarding body mass index, 
tumor location, tumor size, histologic grade, LVI, and tumor 
stage.

When we considered metastatectomy in stage IV patients, 

R0 resection was more commonly performed in patients 
with the low ALBI-pre group than the high ALBI-pre group 
(p=0.002). However, there was no difference between the low 
ALBI-post group and the high ALBI-post group (p > 0.99). 

3. Comparison of patient characteristics between different 
ALBI-trend groups

Patient characteristics were compared between the groups 
according to ALBI-trend (Table 2, S2 and S3 Tables). Group 
2 included patients who were in the low ALBI score group 
before surgery and changed to the high ALBI score group  

Table 2.  Patient characteristics according to the ALBI-trend

Variable
	 Group 1	 Group 2	 Group 3	 Group 4	

p-value
	 (n=523)	 (n=63)	 (n=92)	 (n=45)

Sex		
    Female	 221 (42.3)	 17 (27.0)	 42 (45.7)	 12 (26.7)	
    Male	 302 (57.7)	 46 (73.0)	 50 (54.3)	 33 (73.3)	 0.018
Age (yr)					   
    < 70	 414 (79.2)	 39 (61.9)	 62 (67.4)	 18 (40.0)	
    ≥ 70	 109 (20.8)	 24 (38.1)	 30 (32.6)	 27 (60.0)	 < 0.001
BMI (kg/m2)	 23.4±2.8	 23.9±3.7	 22.5±3.1	 22.8±3.9	 0.008
CEA (ng/mL)					   
    < 5	 318 (60.8)	 37 (58.7)	 56 (60.9)	 19 (42.2)	
    ≥ 5	 189 (36.1)	 26 (41.3)	 32 (34.8)	 25 (55.6)	
    Unknown	 16 (3.1)	 0 (	 4 (4.3)	 1 (2.2)	 0.142
Tumor location					   
    Colon	 381 (72.8)	 34 (54.0)	 80 (87.0)	 38 (84.4)	
    Rectum	 142 (27.2)	 29 (46.0)	 12 (13.0)	 7 (15.6)	 < 0.001
Tumor size (cm)					   
    < 5	 311 (59.5)	 33 (52.4)	 31 (33.7)	 20 (44.4)	
    ≥ 5	 212 (40.5)	 30 (47.6)	 61 (66.3)	 25 (55.6)	 < 0.001
Histologic grade					   
    G1 & G2	 484 (92.5)	 56 (88.9)	 81 (88.0)	 42 (93.3)	
    G3 & MC & SRC	 39 (7.5)	 7 (11.1)	 11 (12.0)	 3 (6.7)	 0.405
LVI					   
    Absent	 359 (68.6)	 45 (71.4)	 63 (68.5)	 27 (60.0)	
    Present	 153 (29.3)	 16 (25.4)	 27 (29.3)	 17 (37.8)	
    Unknown	 11 (2.1)	 2 (3.2)	 2 (2.2)	 1 (2.2)	 0.894
Stage					   
    I & II	 188 (35.9)	 28 (44.4)	 41 (44.6)	 12 (26.7)	
    III	 269 (51.4)	 21 (33.3)	 30 (32.6)	 23 (51.1)	
    IV	 66 (12.6)	 14 (22.2)	 21 (22.8)	 10 (22.2)	 0.001
Complications					   
    No	 426 (81.5)	 21 (33.3)	 67 (72.8)	 18 (40.0)	
    Yes	 97 (18.5)	 42 (66.7)	 25 (27.2)	 27 (60.0)	 < 0.001
Chemotherapy					   
    No	 87 (16.6)	 25 (39.7)	 27 (29.3)	 23 (51.1)	
    Yes	 436 (83.4)	 38 (60.3)	 65 (70.7)	 22 (48.9)	 < 0.001
Values are presented as number (%) or mean±SD. ALBI, albumin-bilirubin; BMI, body mass index; CEA, carcinoembryonic antigen; LVI, 
lymphovascular invasion; MC, mucinous adenocarcinoma; SD, standard deviation; SRC, signet-ring cell.
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after surgery. When compared to group 1, group 2 had high-
er ratio of males (p=0.028), older age (p=0.003), more patients 
with rectal tumor (p=0.002), higher percentage of patients 
with stage IV cancer (p=0.013), higher complication rate (p 
< 0.001), and lower chemotherapy receipt rate (p < 0.001) (S2 
Table).

In addition, group 3 included patients who were in the 
high ALBI score group before surgery and changed to the 
low ALBI score group after surgery. Group 3 had a younger 
age (p=0.004), lower complication rate (p < 0.001), and lower 
chemotherapy administration rate (p=0.022) in comparison 
to group 4 (S3 Table). 

4. Comparison of ALBI-associated parameters between 
liver metastasis and no liver metastasis in stage IV patients 
(n=111)

In stage IV patients, ALBI score group and ALBI-trend 
were compared between patients who had liver metastasis 
or not. The liver metastasis group was defined to include  
patients with only liver metastasis and patients with both 
liver metastasis and other organ metastases. There was no 
difference of preoperative or postoperative ALBI score and 
ALBI-trend between the two groups (S4 Table). 

5. Comparison of OS between different ALBI groups
Kaplan-Meier curves showed that the 5-year OS rate of the 

high ALBI-pre score group was significantly worse than that 
of the low ALBI-pre score group (58.1% vs. 81.5%, p < 0.001) 
(Fig. 1A). Similarly, the 5-year OS rate of the high ALBI-post 
group was significantly lower than that of the low ALBI-post 
score group (56.4% vs. 80.5%, p < 0.001) (Fig. 1B). OS differed 
significantly between the ALBI-trend groups; group 1 had 
preferable survival, while group 4 had lower OS (5-year OS 
rates of 83.5%, 65.1%, 63.8%, and 44.2% for groups 1, 2, 3, and 
4, respectively; p < 0.001) (Fig. 1C).

When we tested the significance of ALBI-trend according 
to the different stages and tumor locations, similar results 
were confirmed (S5 and S6 Figs.).

6. Comparison of OS between liver metastasis and no liver 
metastasis in stage IV patients (n=111)

There was no difference of OS between ALBI-trend in  
patients with liver metastasis patients (p=0.066) (n=76), 
while there was difference of OS in patients without liver 
metastasis (p=0.001) (n=35) (S7 Fig.). There was significant 
difference of OS between ALBI-pre high and ALBI-pre low 
in patients with liver metastasis (p=0.012) and without liver 
metastasis (p=0.006) respectively (S8 Fig.).

7. Univariable and multivariable analysis of OS
Univariable analysis revealed that poor OS was correlated 

with male sex (hazards ratio [HR], 1.358, p=0.036), age ≥ 70 
years (HR, 1.967; p < 0.001), CEA ≥ 5 ng/mL (HR, 1.958; p 
< 0.001), tumor size ≥ 5 cm (HR, 1.591; p < 0.001), presence 
of complications (HR, 1.634, p=0.003), presence of LVI (HR, 
2.133; p < 0.001), advanced tumor stage (stages I and II vs. 
stage III: HR, 1.630; p=0.005; stages I and II vs. stage IV: HR, 
5.405; p < 0.001), no administration of chemotherapy (HR, 
0.316; p < 0.001), high ALBI-pre score group (HR, 2.682; p < 
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Table 3.  Univariable and multivariable analysis of factors associated with overall survival

Variable
	                              Univariable analysis		                              Multivariable analysis

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

Sex
    Female	 1 (		  1 (	
    Male	 1.358 (1.020-1.809)	 0.036	 1.302 (0.972-1.743)	 0.075
Age (yr)				  
    < 70	 1 (		  1 (	
    ≥ 70	 1.967 (1.487-2.602)	 < 0.001	 1.506 (1.120-2.025)	 0.006
BMI (kg/m2)				  
    < 25	 1 (			 
    ≥ 25	 0.724 (0.521-1.004)	 0.053		
CEA (ng/mL)				  
    < 5	 1 (		  1 (	
    ≥ 5	 1.958 (1.487-2.577)	 < 0.001	 1.446 (1.076-1.943)	 0.014
    Unknown	 1.066 (0.433-2.618)	 0.889	 0.963 (0.387-2.395)	 0.935
Tumor location				  
    Colon	 1 (			 
    Rectum	 0.875 (0.638-1.201)	 0.410		
Tumor size (cm)				  
    < 5	 1 (			 
    ≥ 5	 1.591 (1.212-2.090)	 < 0.001		
Complications				  
    No	 1 (	  		
    Yes	 1.634 (1.227-2.176)	 < 0.001		
Histologic grade				  
    G1 & G2	 1 (			 
    G3 & MC & SRC	 1.002 (0.610-1.646)	 0.993		
LVI				  
    Absent	 1 (		  1 (	
    Present	 2.133 (1.615-2.815)	 < 0.001	 1.491 (1.105-2.012)	 0.008
    Unknown	 1.029 (0.379-2.788)	 0.955	 0.541 (0.196-1.496)	 0.236
Stage				  
    I & II	 1 (		  1 (	
    III	 1.630 (1.152-2.305)	 0.005	 1.876 (1.286-2.734)	 < 0.001
    IV	 5.405 (3.731-7.829)	 < 0.001	 3.723 (2.469-5.615)	 < 0.001
Chemotherapy				  
    No	 1 (		  1 (	
    Yes	 0.316 (0.239-0.418)	 < 0.001	 0.410 (0.298-0.563)	 < 0.001
ALBI-pre				  
    Low	 1 (			 
    High	 2.682 (2.013-3.573)	 < 0.001		
ALBI-post				  
    Low	 1 (			 
    High	 2.474 (1.811-3.38)	 < 0.001		
ALBI-trend				  
    Group 1	 1 (		  1 (	
    Group 2	 2.172 (1.408-3.350)	 < 0.001	 1.649 (1.054-2.582)	 0.028
    Group 3	 2.459 (1.730-3.495)	 < 0.001	 2.235 (1.559-3.205)	 < 0.001
    Group 4	 4.392 (2.901-6.650)	 < 0.001	 2.477 (1.599-3.837)	 < 0.001
ALBI, albumin-bilirubin; BMI, body mass index; CEA, carcinoembryonic antigen; CI, confidence interval; HR, hazard ratio; LVI, lympho-
vascular invasion; MC, mucinous adenocarcinoma; SRC, signet-ring cell.
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0.001), high ALBI-post score group (HR, 2.474; p < 0.001), and 
higher ALBI-trend groups (group 1 vs. group 2: HR, 2.172; p 
< 0.001; group 1 vs. group 3: HR, 2.459; p < 0.001; group 1 vs. 
group 4: HR, 4.392; p < 0.001).

In multivariable analysis, the ALBI-trend group (group 
1 vs. group 2: HR, 1.649; p=0.028; group 1 vs. group 3: HR, 
2.235; p < 0.001; group 1 vs. group 4: HR, 2.477; p < 0.001)  
remained as an independent prognostic factor, while ALBI-
pre and ALBI-post scores were not (Table 3).

8. Comparison of stratification performance among the  
ALBI-pre, ALBI-post, and ALBI-trend

The stratification performance of the ALBI-trend classifica-
tion was compared with that of ALBI-pre and ALBI-post. The 
C-index of the ALBI-trend (0.622; 95% confidence interval 
[CI], 0.587 to 0.655) was higher than that of ALBI-pre (0.589; 
95% CI, 0.557 to 0.621) (bootstrap mean difference, 0.033; 
95% CI, 0.013 to 0.057) and ALBI-post (0.575; 95% CI, 0.545 
to 0.605) (bootstrap mean difference, 0.047; 95% CI, 0.024 to 
0.074) (Table 4).

9. Comparison of stratification performance between  
ALBI-trend and albumin

The stratification performance of the ALBI-trend was com-
pared with that of albumin. The C-index of the ALBI-trend 
(0.622; 95% CI, 0.587 to 0.655) was higher than that of albu-
min (0.572; 95% CI, 0.546 to 0.589) (bootstrap mean differ-
ence, 0.051; 95% CI, 0.023 to 0.08) (S9 Table).

Discussion

Our study demonstrated that ALBI-trend, which combined 
preoperative and postoperative ALBI scores, was signifi-
cantly associated with OS. Moreover, multivariable analysis 
showed that ALBI-trend was an independent prognostic fac-
tor while preoperative and postoperative ALBI scores were 
not selected. According to the C-index comparison, ALBI-
trend could improve risk stratification compared to the sin-
gle use of ALBI score in either preoperative or postoperative 
stages in patients with CRC.

ALBI score is a useful tool for objectively evaluating liver 

function. Its prognostic value in liver cancer and cirrhosis 
is well-known [8,14,15]. Previous studies have also investi-
gated the relationship between ALBI score and prognosis in 
patients with various cancers including advanced pancreatic 
cancer, gastric cancer, non-small cell lung cancer, and CRC 
[9,16-18]. Zhu et al. [18] present two possible reasons for the  
association between ALBI grade and survival in gastric can-
cer patients. The first one is that a high ALBI score is accom-
panied by malnutrition, which causes immunodeficiency 
and accelerates tumor progression. The second possible 
mechanism is that malnutrition and liver dysfunction are 
major factors leading to adverse reactions to chemotherapy; 
since patients with advanced gastric cancer have survival 
benefits from postoperative chemotherapy, a low survival 
rate is associated with a high ALBI score [18]. According 
to our recent study, ALBI grade was significantly associ-
ated with myosteatosis, suggesting that ALBI grade may be  
related to systemic inflammation-associated malnutrition [9]. 
Nevertheless, further research on the mechanism is needed 
to determine the underlying cause.

Previous studies have demonstrated that ALBI score 
change after treatment is important in predicting progno-
sis [11,12]. Kuo et al. [11] showed that the change in ALBI 
score after sorafenib treatment independently predicted OS 
and that ALBI score change during sorafenib treatment may 
reflect hepatic reserve in patients with HCC. Ye et al. [12] 
showed that a higher postoperative ALBI score and ALBI 
changes after hepatectomy were independent predictors of 
inferior OS and recurrence-free survival. This result showed 
that a change in the ALBI score indicated the liver reserve 
function and invasiveness of HCC, which is correlated with 
prognosis [12]. However, when the ALBI score should be 
measured postoperatively remains unclear. Currently, the 
interval between two consecutive ALBI score measurements 
is either not constant [11], or ALBI is measured 1 day after 
surgery in some cases [12]. Furthermore, the reasons for the 
change in ALBI score are yet unidentified in other types of 
cancer, but differences in how patients react to various events 
encountered during treatment are considered as a possible 
explanation.

In our study, ALBI scores changed significantly before and 
after surgery in some patients. Considering that group 2 had 

Table 4.  Comparison of C-index between ALBI-trend with ALBI-pre or ALBI-post

Included variable
	                        	                         Overall survival

	 ALBI-trend		  ALBI-pre	 ALBI-trend		  ALBI-post

C-index (95% CI) (bootstrapped)	 0.622 (0.587-0.655)		  0.589 (0.557-0.621)	 0.622 (0.587-0.655)		  0.575 (0.545-0.605)
Difference		  0.033 (0.013-0.057)			   0.047 (0.024-0.074)
ALBI, albumin-bilirubin; CI, confidence interval.
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increased ALBI scores after surgery unlike group 1, patient 
features including male sex (p=0.028), older age (p=0.001), 
more cases of rectal tumor (p=0.002), higher ratio of stage IV 
cancer (p=0.013), higher complication rate (p < 0.001), and 
lower chemotherapy receipt rate (p < 0.001) were related to 
increased ALBI score. In addition, group 3 (high ALBI-pre 
but low ALBI-post score) had younger patients (p=0.004), 
lower complication rate (p < 0.001), and higher chemothe-
rapy administration rate (p=0.022) compared to group 4. A 
simplified explanation would not clarify every aspect, but it 
is known that postoperative complications occur at a higher 
rate in old age and rectal cancer has a higher risk of postop-
erative morbidity than colon cancer [4,19]. Considering that 
the rate of chemotherapy administration may also be affect-
ed by postoperative complication rate, age, or tumor loca-
tion, changes in the ALBI score are likely to be closely related 
to the presence of postoperative complications [19]. 

In our analysis, complications were identified as an indica-
tive factor of poor prognosis only in univariable analysis, 
and were found to be meaningless in multivariable analysis. 
We speculate that this may be due to the strong correlation 
of complications with the changed pattern of ALBI-trend. 
However, postoperative complications including anastomot-
ic leakage, anastomotic bleeding, and intestinal obstruction 
are well-known poor prognostic factors in patients with CRC 
[20]. It is difficult to explain all our results based on the pres-
ence or absence of complications. However, it is highly likely 
that increased systemic inflammation following postopera-
tive complications affected the change in ALBI-post score. 
Previous studies have suggested that systemic inflammation 
induces low food intake and anorexia, leading to malnutri-
tion, increased protein breakdown rate, and lowered serum 
albumin level [21,22]. This, in turn, would result in a higher 
ALBI score postoperatively. It is also known that bilirubin 
reduces immune cell activation and systemic inflammation 
[23]. Further studies are needed on the mechanism by which 
the ALBI score is affected by systemic inflammation.

This study has some limitations. First, this was a single-
center retrospective study. Second, the ALBI-post score was 
not measured at regular intervals after surgery. In order to 
lessen bias coming from varying measurement times, ALBI-
post score measured at least 3 weeks after surgery was select-
ed. Most of the time, ALBI-post score was measured between 
3 and 8 weeks after surgery and the nearest data point to 3 
weeks was selected in our analysis. A minimum time inter-
val of 3 weeks was set considering the time for termination 
of acute host response to surgery so that acute inflammation 
would not skew the result. Moreover, it is recommended to 
start chemotherapy within 8 weeks in a clinical setting; the 
score would therefore be a useful indicator if it is measured 
before 8 weeks from surgery and put into clinical use. Further 

prospective studies shall aim to overcome these limitations. 
In conclusion, this study showed that combining preopera-

tive and postoperative ALBI scores is an independent prog-
nostic factor of OS in patients who undergo CRC surgery 
and has better predictive power than ALBI-pre or ALBI-post 
score alone. Measuring the ALBI score is easy, cost effective, 
and it can be measured before treatment plan is made; it is 
therefore important in predicting survival and determining 
treatment plan.
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