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Abstract

Background/Aim: Currently, the modified albumin-bilirubin (mALBI) grade, a novel liver function assessment, is used
as a prognostic factor in many areas of gastrointestinal cancer. We evaluated whether mALBI grade predicted survival
in a large multicenter cohort of patients who underwent curative-intent resection for biliary tract cancer (BTC).
Patients and Methods: We retrospectively analyzed data for 634 patients who underwent curative resection for BTC
at four centers during 2001-2023. The mALBI grade was calculated from preoperative albumin and total bilirubin
levels. Cox proportional hazards regression was used to assess the association of mALBI grade with overall survival
(0S) and recurrence-free survival (RFS) in a propensity score-matched cohort. The mALBI grade was defined by
subdividing ALBI grade 2 at a cutoff of -2.27; patients with mALBI grades 1-2a were classified as the low mALBI group,
and those with grades 2b-3 as the high mALBI group.

Results: After propensity score-matching, the high mALBI group remained associated with poorer OS (44 vs. 70
months; p=0.015) than the low mALBI group. Multivariate analysis revealed that high mALBI grade was independently
associated with poor OS (hazard ratio=1.584, 95% confidence interval=1.077-2.331; p=0.020) and RFS (hazard ratio
=1.447,95% confidence interval=1.023-2.046, p=0.037).

Conclusion: A high mALBI grade was associated with shorter OS and RFS in patients with resected BTC. Preoperative
mALBI grade is an important prognostic indicator for risk stratification and prognostic evaluation.
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Introduction

Biliary tract cancer (BTC) is an invasive adenocarcinoma
that can originate from the bile ducts, gallbladder, or
ampulla of Vater, and has a poor prognosis (1). It is the
second most common hepatobiliary cancer worldwide,
with high incidence rates in the Asia-Pacific region and
South America (2, 3). Complete surgical resection is the
only curative treatment for BTC (4). Despite recent
advancement in surgical techniques, perioperative
management, and postoperative treatment, the long-term
prognosis of surgically treated patients is unsatisfactory
(5, 6). Long-term cure is achievable only in patients with
early-stage tumors that are amenable to resection (7).
However, a large-scale clinical trial demonstrated that
disease recurrence occurred in 60% of cases after tumor
resection resulting in a 5-year survival rate of under 50%,
even among patients administered adjuvant
chemotherapy (7). Therefore, great efforts are being made
to improve early diagnosis and multimodal treatment
including chemotherapy, for better outcomes (6, 8). The
survival of patients with BTC is affected by several factors
including tumor-node-metastasis stage (9), neurovascular
invasion, tumor differentiation, and resection margin
status, which are typically assessed intraoperatively.
Recently, a novel liver function assessment model, the
albumin-bilirubin (ALBI) grade, was introduced (10).
This straightforward model is derived from serum
albumin and total bilirubin levels obtained from routine
blood tests and has gained attention as a noninvasive
index for evaluating liver function. The ALBI grade
outperforms the Child-Pugh grade in assessment of liver
function, predicting complications, and estimating
prognosisin liver disease (11, 12). Another study showed
that the modified ALBI (mALBI) grade, which subdivides
patients by conventional ALBI score, offers improved
accuracy for assessment of liver function and enhanced
utility in stratifying patient prognosis (13). A growing
body of literature has demonstrated the prognostic
relevance of the ALBI score across a wide spectrum of
malignancies extending beyond BTC (14-17). However, to

the best of our knowledge, the mALBI score has not been
investigated in a multicenter case series involving patients
after resection of BTC. The purpose of this multicenter
study was to evaluate the prognostic utility of the mALBI
score in such patients.

Patients and Methods

Study design. Patients with histologically confirmed perihilar
cholangiocarcinoma (PHCC), distal cholangiocarcinoma
(DCCQ), gallbladder carcinoma (GBC), ampullary carcinoma
(AC), or intrahepatic cholangiocarcinoma (ICC), diagnosed
based on surgically resected specimens, were retrospectively
enrolled in this study at four centers between 2001 and
2023. These patients were observed until the follow-up
cutoff date (December 2023) or death following surgical
resection. Clinicopathological data were obtained from the
medical records. Collected clinical data included sex, age,
tumor location, presence of preoperative cholangitis,
preoperative laboratory parameters (albumin and total
bilirubin), and tumor markers [including carcinoembryonic
antigen and carbohydrate antigen (CA19-9)], surgical
details (type of surgery, operative time, intraoperative
blood loss, and concomitant major vascular resection and
reconstruction), postoperative hospital stay, postoperative
complications, details of adjuvant chemotherapy, recurrence,
survival, and pathological findings (tumor differentiation,
pathological T factor, lymph node metastasis, lymphatic,
vascular, and perineural invasion, and residual tumor
status). Pathological findings were classified according to
the seventh edition of the Union for International Cancer
Control TNM staging system (18). Preoperative cholangitis
was diagnosed according to the criteria outlined in the 2018
Tokyo guidelines (19). Postoperative complications were
classified according to the Clavien-Dindo classification
system (20). Major complications were defined as grade 3.
This study was approved by the Ethics Committee of Kobe
University (approval ID: B240209) and other centers and
was conducted in accordance with the Declaration of
Helsinki (2024). Informed consent was obtained from all
participants using an opt-out approach.
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Patients with BTC undergoing curative-intent resection in 2001-2022 at 4 centers
(n=634)

High mALBI group
(n=202)

Low mALBI group
(n=432)

| Propensity score-matching (1:1)

High mALBI group
(n=131)

Low mALBI group
(n=131)

Figure 1. Flow diagram of patient selection and propensity score-matching. A total of 634 patients with biliary tract cancer (BTC) who underwent
radical resection between 2001 and 2022 at four centers were included. Patients were classified into groups with high (n=202) or low (n=432) modified
albumin-bilirubin (mALBI) score. After 1:1 propensity score-matching, 131 patients were included in each group. Matching variables included age, sex,
preoperative cholangitis, carbohydrate antigen 19-9, tumor T and N categories, [ymphatic invasion, vascular invasion, and R category.

mALBI score. The ALBI score was defined as follows:
(log,,total bilirubin x 0.66) + (albumin x -0.085) with total
bilirubin (pmol/l) and albumin (g/l) determined
preoperatively. ALBI grades were then categorized as
grade 1 for scores <-2.60, grade 2 for scores >-2.60 to
-1.39, and grade 3 for scores >-1.39. Consistent with
previous studies, ALBI grade 2 was further subdivided
using a cut-off value of -2.27 into grades 2a (-2.60< ALBI
score <-2.27) and 2b (-2.27< ALBI score <-1.39) (13).
For this study, we defined patients with mALBI grades 1
and 2a as the low mALBI group, and those with grades 2b
and 3 as the high mALBI group.

Statistical analysis. Descriptive statistics are presented as
medians with ranges for continuous variables, and as
numerical values with percentages for categorical
variables. Continuous variables were compared using the
Kruskal-Wallis test, whereas categorical variables were
analyzed using Pearson’s chi-square test or Fisher’s exact
test. OS was defined as the interval from the date of

surgery to the date of death from any cause or last follow-
up. Recurrence-free survival (RFS) was defined as the
interval between surgery and relapse, death, or the last
follow-up. Kaplan-Meier survival curves were used to
estimate OS and RFS, and the differences between the
curves were assessed using the log-rank test. Univariate
analysis was conducted to identify potential risk factors
for OS and RFS. Variables with a value p<0.10 in the
univariate analysis, along with clinically relevant factors
were included in a multivariate Cox proportional hazards
model to identify factors independently associated with
postoperative survival. The results were reported as
hazard ratios (HRs) with 95% confidence intervals (CIs).
Statistical significance was set at p<0.05. All statistical
analyses were performed using JMP statistical software
version 18 (SAS Institute Inc., Cary, NC, USA).

PSM analysis. PSM was used to balance patient
characteristics between the high and low mALBI groups.
The matching algorithm used was nearest-neighbor
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matching with a 1:1 ratio, and the caliper was set to 0.02.
The variables age group, sex, tumor location, preoperative
cholangitis, CA19-9, T category, N category, vascular
invasion, lymphatic invasion, perineural invasion, and R
category were matched.

Ethics statement. This study was approved by the Ethics
Committee of Kobe University (approval ID: B240207)
and was conducted in accordance with the principles of
the Declaration of Helsinki (2024). Informed consent was
obtained from all participants using an opt-out approach
in which patients were given the opportunity to decline
participation after being informed about the study.

Results

Characteristics of patients and assessment of efficacy.
The initial cohort comprised 716 patients. After
excluding patients with distant metastases (M1) (n=28),
macroscopic residual cancer after resection (R2) (n=28),
double cancer (n=22), and those lost to follow-up (n=4),
634 patients were enrolled in the study (Figure 1). The
baseline data of these patients are presented in Table I.
A total of 108 (17%) patients were clinically or
pathologically diagnosed with PHCC, 155 (24%) with DCC,
140 (22%) with GBC, 140 (22%) with AC, and 90 (14%)
with ICC. The patients had a median age of 71 years
(range=25-89 years) and 382 (60%) were men. According
to mALBI grade, 202 (32%) patients were in the high
mALBI group, and 432 (68%) were in the low mALBI
group. Pancreaticoduodenectomy was most commonly
performed (n=306, 48%), followed by hepatectomy
(n=202, 31.9%), and gallbladder bed resection (n=82,
13%). A total of 23 (4%) patients underwent concomitant
portal vein resection and reconstruction (PVR), and 6
(1%) others underwent concomitant hepatic artery
resection and reconstruction. Microscopic residual cancer
was observed in the resection margins in 104 patients
(16.4%). A total of 165 (26.0%) patients were
administered adjuvant chemotherapy after surgical
resection. After 1:1 PSM, the high mALBI group (n=131)

was compared with the low mALBI group (n=131) having
balanced baseline characteristics (Table I).

Associations between mALBI grade and clinical variables
after PSM. The clinicopathological characteristics of
patients according to mALBI are shown in Table I. No
significant differences in sex, age, body mass index, tumor
location, carcinoembryonic antigen, CA19-9, PVR, hepatic
artery resection and reconstruction, operative time,
intraoperative blood loss, postoperative complications,
major complications, adjuvant chemotherapy, or any of
the pathological characteristics were observed between
the groups. Although the high mALBI group had a
significantly longer postoperative hospital stay (p=0.045),
there were no significant differences in the incidence of
major postoperative complications (p=0.922).

0S. The median duration of follow-up for the whole cohort
was 94 months. Patients in the high mALBI group (n=202)
had significantly worse prognosis in terms of OS than those
inthe low mALBI group (n=432) (median=39 vs. 164 months;
p<0.001) (Figure 2A, upper panel). After PSM, the high
mALBI group (n=131) had a significantly worse prognosis in
terms of OS than the low mALBI group (n=131) (median=44
vs. 70 months; p=0.015) (Figure 2B, upper panel).

In analyses stratified by tumor location, patients in the
high mALBI group consistently demonstrated significantly
worse OS than those in the low mALBI group across all
tumor sites. In extrahepatic cholangiocarcinoma, the
median OS was 35 months for the high mALBI group
(n=133) and 61 months for the low mALBI group (n=130)
(p=0.007). In GBC, the median OS was 50 months (n=24)
versus 165 months (n=116), respectively (p=0.013).
Among patients with AC, the median OS was 69 months
for the high mALBI group (n=35), whereas it was not
achieved for the low mALBI group (n=105) (p<0.001).
Similarly, in ICC, the median OS was 39 months for the
high mALBI group (n=9) and was not achieved for the low
mALBI group (n=81) (p=0.039) (Figure 3).

Patients were further categorized according to surgical
procedure into a hepatectomy and non-hepatectomy
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Table 1. Comparison of clinicopathological characteristics by modified albumin-bilirubin (mALBI) group before (overall cohort) and after propensity
score-matching.

Overall cohort, n (%) Matched cohort, n (%)

Variable Subgroup High mALBI LowmALBI  p-Value HighmALBI ~ LowmALBI  p-Value
(n=202) (n=432) (n=131) (n=131)
Sex Male 127 (63.2) 255(59.0) 0.319 78 (59.5) 78 (59.5) 1.000
Age 270 Years 125 (62.2) 235 (54.4) 0.065 76 (58.0) 84 (64.1) 0.311
BMI =25 kg/m? 27 (14.4) 107 (25.7) 0.002 21(16.9) 27 (21.3) 0.384
Preoperative cholangitis Yes 119 (63.0) 70 (16.6) <0.001 58 (44.3) 51 (46.8) 0.380
Tumor type PHCC 55 (27.4) 53(12.3) 33(25.2) 28 (21.4) 0.305
DCC 78 (38.8) 77 (17.8) 52 (38.5) 43 (31.9)
GBC 24 (11.9) 116 (26.9) 18 (13.7) 31(23.7)
AC 35(17.4) 105 (24.3) 24 (18.3) 24 (18.3)
IcC 9 (4.5) 81 (18.8) 7(5.3) 8(6.1)
CEA >5.0 ng/ml 32 (15.9) 68 (15.8) 0.963 19 (14.5) 25(19.1) 0.321
CA19-9 >37.0U/ml 121 (28.1) 124 (61.7) <0.001 66 (50.4) 67 (51.2) 0.902
Surgical procedure Hepatectomy 64 (32.3) 138 (32.2) <0.001 37 (28.7) 37(28.7) 0.080
PD 185(43.1) 121 (60.6) 79 (60.5) 66 (50.8)
GBR 7(3.5) 75 (17.5) 7(5.4) 20 (15.4)
Simple cholecystectomy 6(3.0) 31(7.2) 6(4.7) 5(5.4)
PVR 11 (5.8) 12 (2.9) 0.008 5(3.9) 6 (4.6) 0.349
HAR 2(1.1) 4(1.0) 0.037 2(1.6) 1(0.8) 0.302
Operative time >600 min 58 (30.5) 65 (15.8) <0.001 32(25.2) 27 (20.8) 0.399
Intraoperative blood loss >1,000 ml 54 (28.0) 41(9.9) <0.001 33 (25.6) 21(16.2) 0.062
Postoperative complications  CD grade 21 132 (67.7) 215(50.5) <0.001 84 (66.1) 86 (50.6) 0.934
Major complications CD grade 23 65 (33.3) 96 (22.5) 0.004 40 (31.5) 42 (32.1) 0.922
Postoperative hospital stay >30 Days 107 (53.2) 128(29.8) <0.001 69 (52.7) 50 (38.2) 0.045
Adjuvant chemotherapy Yes 67 (33.5) 98 (22.8) 0.004 42 (32.3) 46 (35.4) 0.600
Tumor differentiation Well-differentiated 76 (38.0) 204 (50.0) 0.006 57 (43.5) 54 (41.9) 0.788
Lymphatic invasion Yes 102 (51.0) 134(31.8) <0.001 63(48.1) 67 (51.2) 0.875
Vascular invasion Yes 107 (53.5) 130(30.8) <0.001 63 (48.1) 62 (47.3) 0.948
Perineural invasion Yes 136 (68.0) 136 (32.2) <0.001 75 (57.3) 81 (61.8) 0.719
T-Stage* T3-4 104 (52.0) 129(30.3) <0.001 59 (45.0) 62 (47.3) 0.576
N-Stage* N1 71 (35.3) 105 (24.4) 0.005 48 (36.6) 51(38.9) 0.702
Resection status RO 145 (71.6) 383(88.7) <0.001 105 (80.1) 105 (80.1) 0.605

AC: Ampullary carcinoma; BMI: body mass index; CA19-9: carbohydrate antigen 19-9; CD: Clavien-Dindo classification; CEA: carcinoembryonic
antigen; DCC: distal cholangiocarcinoma; GBC: gallbladder cancer; GBR: gallbladder bed resection; HAR: hepatic artery resection; ICC: intrahepatic
cholangiocarcinoma; PD: pancreaticoduodenectomy; PHCC: perihilar cholangiocarcinoma; PVR: portal vein resection. *Union for International
Cancer Control TNM staging system (18). Statistically significant p-values are shown in bold.

(including pancreaticoduodenectomy) groups, and OS was
evaluated by mALBI group within each surgical category. In
the hepatectomy-treated group, the median OS was 34
months for the high mALBI group (n=65) and 62 months for
the low mALBI group (n=138) (p<0.001). In the non-
hepatectomy group, the median OS was 48 months (n=137)
and 165 months (n=294), respectively (p<0.001) (Figure 4).

RFS. The difference in RFS between the high and low
mALBI groups was significant according to Kaplan-Meier

analysis (median=25 vs. 131 months; p<0.001) (Figure
2A, lower panel). After PSM, the high mALBI group
(n=131) tended to have a worse prognosis in terms of RFS
than the low mALBI group (n=131) (median=29 vs. 47
months; p=0.063) (Figure 2B, lower panel).

Risk factors for OS in univariate and multivariate analyses.
In univariate Cox regression analysis, preoperative CA19-
9 level, PVR, differentiation, T-stage, N-stage, lymphatic
invasion, vascular invasion, perineural invasion, residual
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Figure 2. Kaplan-Meier curves of overall and recurrence-free survival after resection of biliary tract cancer classified by modified albumin-bilirubin

(mALBI) group before (A) and after (B) propensity score-matching (PSM).

cancer, adjuvant chemotherapy, and mALBI were
significantly associated with OS (Table II). Variables with
a value p<0.10 in the univariate analysis along with
clinically relevant factors, were included in the
multivariate model. Multivariate analysis revealed that
high mALBI (HR=1.584, 95% CI=1.077-2.331; p=0.020),
lymph node metastasis (HR=2.235,95% CI=1.404-3.557;
p<0.001), vascular invasion (HR=1.915, 95% CI=1.209-
3.032; p=0.006), and residual cancer (HR=2.421, 95%
CI=1.449-4.044; p<0.001) were independent prognostic
factors for poor OS (Table II).

Risk factor for RFS in the univariate and multivariate
analyses. In univariate Cox regression analysis,
preoperative CA19-9 level, differentiation, T-stage,
N-stage, lymphatic invasion, vascular invasion, perineural
invasion, residual cancer, and adjuvant chemotherapy
were significantly associated with RFS (Table III).
Although in the univariate Cox regression analysis, high
mALBI was not significantly associated with poor RFS
(p=0.067), it met the threshold for being included in the
multivariate analysis; this showed that a high mALBI was
an independent prognostic factor for poor RFS (HR=1.447,
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Figure 3. Kaplan-Meier curves of overall survival of patients after resection of biliary tract cancer classified by subtype and according to modified
albumin-bilirubin (mALBI) group. (A) Extrahepatic cholangiocarcinoma (ECC), (B) gallbladder cancer (GBC), (C) ampullary carcinoma (AC), and (D)

intrahepatic cholangiocarcinoma (ICC).

95% CI=1.023-2.046, p=0.037) along with the classic
factors, lymph node metastasis, vascular invasion and
residual cancer.

Discussion

In this multicenter study using PSM, the mALBI grade was
demonstrated to be a robust independent prognostic
factor in patients who underwent resection for BTC
remaining significantly associated with OS after
adjustment for established tumor-related variables.

These findings highlighted the prognostic value of
preoperative hepatic functional reserve in this patient
population and indicated that objective functional status
has a meaningful impact on long-term outcomes.
Accordingly, the mALBI grade might serve as a simple,
objective, and clinically applicable tool for preoperative
risk stratification in patients with BTC.

The prognostic significance of ALBI score has been
consistently demonstrated in various malignancies other
than BTC (14-17). In patients with advanced gastric
cancer, the ALBI score was demonstrated a valuable
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Figure 4. Kaplan-Meier curves of overall survival of patients treated with (A) and without (B) hepatectomy according to modified albumin-bilirubin

(mALBI) group.

independent prognostic indicator of postoperative
recurrence and disease-specific survival (14). Notably, Ju
et al. (21) further demonstrated the ALBI score to be an
independent prognostic factor even in patients with
gastric cancer undergoing curative treatment, supporting
its utility beyond advanced disease settings. Similarly, in
advanced colon cancer, a high ALBI score was shown to be
an independent risk factor for OS and disease-free survival
(15). In pancreatic cancer, patients with high ALBI scores
and elevated CA19-9 levels exhibited the poorest
prognosis, characterized by a significantly reduced 5-year
survival rate (16). In the context of BTC, the ALBI score
had superior prognostic value compared with the Child-
Pugh score in patients with unresectable extrahepatic
cholangiocarcinoma, with higher ALBI scores correlating
with poorer 1- and 2-year survival rates and an overall
worse prognosis (17). More recently, Aydemir et al. (22)
reported that both ALBI and platelet-ALBI grades are
significant prognostic factors in cholangiocellular
carcinoma, further reinforcing the importance of liver
function-based indices in biliary malignancies. The tumor
site subgroup analysis revealed that patients with
extrahepatic cholangiocarcinoma, GBC, AC, and ICC in the
high mALBI group had a significantly worse prognosis.
The mALBI grade was a valuable prognostic factor in all
tumor sites of BTC (Figure 3). Moreover, the mALBI grade

was a useful prognostic factor not only in the hepatectomy-
treated group, but also in the non-hepatectomy group
(Figure 4). These results emphasize that the mALBI grade
is a valuable prognostic factor in BTC.

The application of PSM in this study allowed for a more
rigorous evaluation of mALBI by balancing key baseline
characteristics including age, tumor stage, and invasion
status. Notably, before matching, the median OS in the low
mALBI group was 164 months which is an exceptionally
favorable survival for patients with BTC, whereas after
matching, the median OS in the low mALBI group was 70
months. This discrepancy possibly suggested baseline
imbalances particularly in tumor location, in the pre-
matching low mALBI cohort (Table I). After adjustment
for tumor location and other prognostic variables by using
PSM, the mALBI grade remained an independent
prognostic factor. Although PSM was performed to
balance baseline characteristics, the covariates included
tumor-related factors known to strongly affect prognosis.
Therefore, we additionally conducted a multivariate Cox
proportional hazards analysis incorporating these tumor-
related factors to confirm whether the mALBI grade
remained an independent prognostic factor.

The mechanism underlying the association between a
high mALBI grade and poor prognosis in patients with BTC
remains unclear. Several factors may contribute to this
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Table I1. Univariate and multivariate analyses of prognostic factors for overall survival.

Univariate Multivariate

Variable HR 95% CI p-Value HR 95% CI p-Value
mALBI High vs. low 1.554 1.084-2.227 0.017 1.584 1.077-2.331 0.020
Preoperative cholangitis Yes vs. no 1.289 0.901-1.842 0.165

CEA >5.0 vs. 5.0 ng/ml 1.299 0.811-2.080 0.276

CA19-9 >37vs. <37 U/ml 1.505 1.050-2.157 0.026 1.258 0.847-1.868 0.255
PVR Yes vs. no 2.005 0.928-4.332 0.077 1.326 0.542-3.247 0.537
Differentiation Other vs. well- 1.626 1.121-2.360 0.011 1.305 0.851-2.001 0.222

differentiated

UICC pT* 3,4vs.1,2 2.304 1.599-3.320 <0.001 1.432 0.877-2.340 0.151
Lymph node metastasis Yes vs. no 3.190 2.217-4.591 <0.001 2.235 1.404-3.557 <0.001
Lymphatic invasion Yes vs. no 2.214 1.498-3.270 <0.001 1.126 0.701-1.810 0.623
Vascular invasion Yes vs. no 2.581 1.756-3.794 <0.001 1.915 1.209-3.032 0.006
Perineural invasion Yes vs. no 2.211 1.446-3.381 <0.001 0.733 0.400-1.343 0.315
Residual cancer Yes vs. no 2.377 1.587-3.559 <0.001 2.421 1.449-4.044 <0.001
Adjuvant chemotherapy Yes vs. no 1.550 1.078-2.229 0.020 1.092 0.722-1.652 0.677
Complications (CD grade) =23 vs. <3 1.242 0.855-1.805 0.254

CA19-9: Carbohydrate antigen 19-9; CD: Clavien-Dindo classification; CEA: carcinoembryonic antigen; CI: confidence interval; HR: hazard ratio;
mALBI: modified albumin-bilirubin score; PVR: portal vein resection. *Union for International Cancer Control TNM staging system (18). Statistically

significant p-values are shown in bold.

Table I11. Univariate and multivariate analyses of prognostic factors for recurrence-free survival.

Univariate Multivariate

Variable HR 95% CI p-Value HR 95% CI p-Value
mALBI High vs. low 1.352 0.979-1.869 0.067 1.447 1.023-2.046 0.037
Preoperative cholangitis Yes vs. no 1.265 0.916-1.746 0.153

CEA >5.0 vs. <5.0 ng/ml 1.500 0.999-2.251 0.051 0.943 0.596-1.491 0.801
CA19-9 >37vs. <37 U/ml 1.488 1.076-2.057 0.016 1.206 0.848-1.714 0.297
PVR Yes vs. no 1.798 0.875-3.693 0.110

Differentiation Other vs. well- 1.676 1.198-2.344 0.003 0.746 0.514-1.083 0.297

differentiated

UICC pT* 3,4vs.1,2 2.356 1.696-3.274 <0.001 1.277 0.837-1.948 0.256
Lymph node metastasis Yes vs. no 2.685 1.940-3.718 <0.001 1.800 1.221-2.654 0.003
Lymphatic invasion Yes vs. no 2.148 1.514-3.047 <0.001 1.144 0.763-1.717 0.515
Vascular invasion Yes vs. no 2.823 1.982-4.021 <0.001 1.898 1.265-2.848 0.002
Perineural invasion Yes vs. no 2.592 1.741-3.859 <0.001 0.981 0.595-1.703 0.981
Residual cancer Yes vs. no 2.470 1.714-3.561 <0.001 2.450 1.562-3.843 <0.001
Adjuvant chemotherapy Yes vs. no 1.578 1.136-2.191 0.007 1.179 0.819-1.698 0.377
Complications (CD grade) =3 vs.<3 1.158 0.823-1.629 0.401

CA19-9: Carbohydrate antigen 19-9; CD: Clavien-Dindo classification; CEA: carcinoembryonic antigen; CI: confidence interval; HR: hazard ratio;
mALBI: modified albumin-bilirubin score; PVR: portal vein resection. *Union for International Cancer Control TNM staging system (18). Statistically

significant p-values are shown in bold.

association. A high mALBI grade reflects a reduced serum  antitumor immune responses, thereby facilitating tumor

albumin level and an elevated total bilirubin level;  progression (23, 24). Hyperbilirubinemia reflects tumor-

hypoalbuminemia is associated with malnutrition and related biliary obstruction and disease extent in patients

cachexia and may influence macrophage activation and  with BTC; however, it also represents impaired hepatic
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functional reserve, chronic inflammation, and impaired
physiological reserve. In addition, recent studies have
highlighted the importance of host-related factors such as
nutritional status and body composition in BTC. Utsumi et
al. (25) demonstrated that preoperative myosteatosis and
prognostic nutritional index are significant predictors of
survival in older patients with BTC, while Ikuta et al. (26)
reported that reduced psoas muscle thickness is associated
with poor postoperative outcomes. These findings suggest
that mALBI may partly reflect systemic nutritional and
metabolic conditions that contribute to oncological
outcomes. Therefore, the prognostic value of the mALBI
grade in BTC likely reflects a composite effect of both tumor-
related factors and host-related conditions. In this study, the
mALBI grade stratified prognosis in both the hepatectomy-
treated group, in which liver function directly affects surgical
strategy, and the non-hepatectomy group, in which liver
function is generally considered to have limited influence on
the operative procedure (Figure 4). Furthermore, the
importance of hepatic functional reserve in surgical
oncology is supported by studies in hepatocellular
carcinoma, such as that by Kori et al. (27), which identified
liver function-related factors as key determinants of long-
term survival after repeated hepatectomy.

The mALBI score may also influence the feasibility of
adjuvant chemotherapy. Miwa et al. (28) reported that
patients with gastric cancer with a high mALBI score were
less likely to continue postoperative adjuvant chemother-
apy. Similarly, Kanda et al. (14) showed that an elevated
mALBI score was associated with difficulty in maintaining
adjuvant therapy. However, in the present study, there
were no significant differences in the administration of
adjuvant chemotherapy between the high and low mALBI
groups (32.3% vs. 35.4%; Table I). This difference from
previous studies of other malignancies is attributable to
the lack of effective adjuvant chemotherapy regimens for
BTC. Further data collection is required to confirm these
findings.

The findings of the present study have important
clinical implications. Because mALBI can be easily
calculated from routine blood tests, it serves as a simple,

objective, and cost-effective preoperative prognostic
indicator. Patients with high mALBI scores may require
perioperative management interventions such as
nutritional intervention, optimization of liver function,
and close postoperative monitoring; however, further
studies are needed to validate these strategies. The
incorporation of mALBI into preoperative risk
stratification may help optimize treatment strategies and
improve postoperative management of BTC.

Study limitations. Firstly, this was a retrospective multi-
center study, and it was not possible to completely exclude
selection bias. Although PSM improved comparability
between the groups, larger-scale prospective validation
studies are needed to confirm these findings. Secondly,
although we employed the mALBI classification, a direct
comparison with other liver function assessment models,
such as the Child-Pugh score or liver stiffness measure-
ments, was not performed and warrants further
investigation. Although previous studies, such as that by
Wangetal. (17), have suggested that the mALBI score may
have superior prognostic accuracy compared to the Child-
Pugh score in patients with PHCC or DCC, this was not
evaluated in the present study. Future studies should
explore more comprehensive prognostic models incorpo-
rating multiple risk factors. Thirdly, this study did not
evaluate dynamic changes in the mALBI score postoper-
atively or after adjuvant therapy, which may provide
additional insights into its prognostic role.

Conclusion

This study demonstrated that mALBI grade is an important
prognosticindicator of OS in patients after resection of BTC,
even after adjusting for confounding variables through
PSM. These findings support incorporating the mALBI
score into preoperative risk stratification to optimize
treatment strategies and patient management. Further
prospective studies are required to validate these results
and to explore potential therapeutic interventions for
patients with high mALBI scores.
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