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Prognostic significance of the
preoperative lactate
dehydrogenase-to-albumin ratio
In patients undergoing radical
resection for hilar
cholangiocarcinoma

Guoan Li, Tao He, Mingyue Geng and Fuzhen Qi*

The Affiliated Huaian No. 1 People’s Hospital of Nanjing Medical University, Huaian, China

Background: Hilar cholangiocarcinoma (HCCA) is an aggressive malignancy with
a poor prognosis even after curative resection. Accurate prognostic assessment
is crucial for individualized treatment and postoperative management. The
lactate dehydrogenase-to-albumin ratio (LAR), a composite marker that reflects
both tumor metabolism and the host's nutritional-inflammatory status, has
demonstrated prognostic value in several cancers. However, its role in HCCA
remains unclear.

Methods: We retrospectively analyzed 112 patients who underwent radical
resection for HCCA between 2017 and 2022. Preoperative LAR was calculated
from routine laboratory tests. Optimal cut-off values for LAR, neutrophil-to-
lymphocyte ratio (NLR), and platelet-to-lymphocyte ratio (PLR) were determined
using maximally selected rank statistics. Clinicopathological characteristics were
compared between LAR groups. Prognostic factors for overall survival (OS) were
evaluated using univariate and multivariate Cox regression analyses. Subgroup
analyses assessed the consistency of LAR effects across clinical strata.

Results: The optimal LAR cut-off was 4.67. Patients with high LAR (>4.67) were
older and had higher rates of hypertension, lymph node metastasis, and elevated
bilirubin, alanine aminotransferase (ALT), and aspartate aminotransferase
(AST) levels. In univariate analysis, high LAR, PLR, NLR, carbohydrate antigen
19-9 (CA19-9), total bilirubin (TBIL), ALT, AST, lymph node metastasis, poor
differentiation, and R1 resection were significantly associated with worse OS.
Multivariate analysis identified high LAR [hazard ratio (HR) 1.70, confidenceinterval
(Cl) 1.01-2.87, p = 0.046], high PLR (HR 2.12, 95% CI 1.26-3.55, p = 0.004), ALT
>50 U/L (HR 2.94, 95% Cl 1.27-6.77, p = 0.012), poor differentiation (HR 0.51,
95% Cl 0.33-0.83, p = 0.006), and microscopically incomplete resection (R1
resection) (HR 2.04, 95% Cl 1.14-3.64, p = 0.012) as independent predictors.
Subgroup analyses showed a consistent adverse effect of high LAR across most
strata without significant interactions.

Conclusion: Preoperative LAR is an independent prognostic biomarker
for patients with HCCA undergoing radical resection. As a simple, cost-
effective, and routinely available index, LAR may assist in risk stratification
and postoperative management. External validation is warranted to confirm
its clinical utility.
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1 Introduction

Hilar cholangiocarcinoma (HCCA) is a highly aggressive
malignancy that arises at the confluence of the right and left hepatic
50-60% of all
cholangiocarcinomas (1). HCCA continues to have a poor prognosis,

ducts, accounting for approximately
even with advancements in surgical techniques and perioperative
management (2). Radical surgical resection offers the sole curative
opportunity, yet most patients are diagnosed at an advanced stage and
even those undergoing curative resection frequently experience
recurrence, leading to unsatisfactory long-term survival outcomes (3).
Accurate prognostic assessment is therefore essential for guiding
individualized treatment strategies and postoperative surveillance.
In recent years, there has been increasing attention to
inflammation- and nutrition-based biomarkers in cancer prognosis.
Lactate dehydrogenase (LDH) and albumin (ALB), both routinely
measured in clinical practice, reflect distinct aspects of systemic status.
LDH,
reprogramming and hypoxia-driven aggressiveness. Elevated LDH

a key glycolytic enzyme, reflects tumor metabolic
levels have been associated with poor prognosis in several cancers
(4-6). Conversely, serum albumin is a well-established marker of
nutritional status and systemic inflammation, with hypoalbuminemia
frequently indicating impaired host immunity and unfavorable
outcomes (7, 8). The lactate dehydrogenase-to-albumin ratio (LAR),
integrating these two parameters, has gained attention as a novel
composite biomarker recently. Growing evidence suggests that LAR
possesses prognostic value in multiple malignancies, including
esophageal squamous cell carcinoma, gastric cancer, and non-small
cell lung cancer (9-11).

However, the value of LAR as a prognostic indicator in HCCA has
not yet been fully elucidated. To address this gap, the present study
aims to investigate the relationship between preoperative LAR and
long-term survival in HCCA patients undergoing surgical resection,
and to evaluate its potential as a simple, reliable prognostic indicator
for clinical practice.

2 Materials and methods

2.1 Patients

Patients diagnosed with hilar cholangiocarcinoma (HCCA) who
received radical resection at our hospital between August 2017 and
August 2022 were retrospectively analyzed. The research adhered to
the Declaration of Helsinki and was approved by the institutional
ethics committee (The Affiliated Huaian No. 1 People’s Hospital of
Nanjing Medical University, KY-2025-211-01). Given its retrospective
design, the requirement for informed consent was waived by the
committee. A total of 128 patients with HCCA who received curative-
intent surgery were initially identified. Patients were excluded if they
had distant metastasis (1 = 6), poor general condition precluding
surgery (n = 2), or incomplete clinical data (n = 8). After applying
these criteria, the final analysis comprised 112 patients (Figure 1).
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2.2 Data collection

Clinical and pathological data were retrieved from pathological
reports and electronic medical records. The variables obtained covered
demographic information (body mass index, sex, age) as well as
comorbid conditions (hypertension, diabetes), laboratory indicators
(CA19-9, total bilirubin, ALT, AST), and tumor characteristics [tumor
size, surgical approach (laparoscopic or open), Bismuth-Corlette
classification, vascular and perineural invasion, and histological
differentiation]. The 8th edition of the American Joint Committee on
Cancer (AJCC)/Union for International Cancer Control (UICC)
(TNM  classification)

tumor-node-metastasis  classification

classification was applied for tumor staging.

2.3 Measurement of the LAR index

In the assessment of the LAR index, routine blood parameters
measured during the preoperative week were used. The LAR index
was calculated as the ratio of serum lactate dehydrogenase (LDH, U/L)
to albumin (ALB, g/L), expressed as LAR = LDH/ALB. All laboratory
analyses were performed in the central clinical laboratory of our
hospital. LDH and Alb levels were measured using the same automated
biochemical analyzer with a standardized method throughout the
entire study period.

2.4 Statistical analysis

We first determined optimal cut-off values for LAR, PLR, and
NLR using maximally selected rank statistics (surv_cutpoint in the
survminer package) with a minimum proportion per group of 10%.
Maximally selected rank statistics is a data-driven method that
identifies the threshold that maximizes the difference in survival
outcomes between groups. This approach ensures that the selected
cut-off values are both statistically significant and clinically
meaningful. To further validate these findings and avoid overfitting,
we performed cross-validation, where the data was split into multiple
subsets to assess the stability and generalizability of the cut-off values.
then
clinicopathological features were compared between the LAR-low and

Patients  were categorized  accordingly;  baseline
LAR-high groups with continuous variables analyzed by Student’s
t-test or Mann-Whitney U test and categorical variables assessed by
chi-square test or Fisher’s exact test. Clinically accepted thresholds
(e.g., CA19-9 37 U/mL, TBIL 34.2 pmol/L, ALT 50 U/L, AST 40 U/L)
were used when variables were dichotomized by clinical criteria. Cox
proportional hazards models were applied to assess prognostic factors.
Factors with p < 0.05 in univariable analyses were included in the
multivariable model to identify independent predictors. Results are
reported as hazard ratios (HRs) with 95% confidence intervals (CIs).
Multicollinearity among covariates was examined using the variance
inflation factor (VIF), and proportional hazards assumptions were

checked using Schoenfeld residuals. Two-sided p < 0.05 was
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FIGURE 1
Flow chart of study cohort selection.

considered statistically significant. For subgroup analyses,
we estimated the effect of LAR on OS within prespecified strata (e.g.,
age, sex, diabetes, hypertension, AJCC stage, CA19-9, tumor size,

Bismuth-Corlette type, margin status, lymph node status, and tumor

Frontiers in Medicine

differentiation). Potential interactions of LAR with subgroup factors
were analyzed through Cox proportional hazards models. Forest plots
display subgroup-specific HRs with 95% CIs and p-values for
interaction. All analyses were performed in R (version 4.2.2; packages:
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survival, survminer, dplyr, broom, jstable/forestploter, and

related utilities).

3 Results
3.1 Baseline characteristics

Altogether, 112 cases of hilar cholangiocarcinoma met the
inclusion criteria and were evaluated. Using maximally selected rank
statistics (surv_cutpoint) for overall survival (OS), the optimal cut-off
points for LAR, NLR and PLR were 4.67, 2.98 and 155.47, respectively
(Figure 2). To evaluate the stability of these cut-off points, internal
validation was performed through cross-validation. The coefficient of
variation (CV) for LAR, NLR, and PLR was 0.119, 0.125, and 0.092,
respectively, indicating good stability and minimal variability across
different subsets of the data. For subsequent analyses, patients were
stratified into two categories based on LAR values (<4.67 and >4.67)
(Table 1). More patients aged >70 years were observed in the
LAR-high group (43.08% vs. 17.02%, p = 0.004). Gender distribution
did not differ significantly (p =0.152). Hypertension was more

10.3389/fmed.2025.1705110

common in the LAR-high group (50.77% vs. 23.40%, p = 0.003), as
was lymph node metastasis (36.92% vs. 19.15%, p=0.042).
Biochemical variables, such as TBIL (>34.2 pmol/L), ALT, and AST,
showed significant differences, with higher levels in the LAR-high
group (TBIL: 86.15% vs. 63.83%, p = 0.006). Tumor size and Bismuth-
Corlette classification were similar between groups (p = 0.665 and
p = 0.104, respectively).

3.2 Univariate and multivariate cox
regression analysis

Factors associated with worse survival included high LAR (HR
2.24, 95% CI 1.42-3.53; p < 0.001) on univariable analysis (Table 2),
lymph node metastasis (HR 2.33, 1.48-3.66; p < 0.001), CA19-9
>37 U/mL (HR 1.92, 1.01-3.63; p = 0.045), high PLR (HR 2.30, 1.45-
3.63; p <0.001), high NLR (HR 1.61, 1.04-2.51; p = 0.034), TBIL
>34.2 pmol/L (HR 2.14, 1.21-3.79; p = 0.009), AST >40 U/L (HR
1.87, 1.10-3.17; p = 0.020), and ALT >50 U/L (HR 1.95, 1.12-3.38;
p =0.017), whereas a higher lymphocyte count (HR 0.56, 0.35-0.90;
p =0.017) and better histological differentiation (moderate/well vs.
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FIGURE 2

Optimal cut-off values for LAR (A), NLR (B), and PLR (C) were determined as 4.67 U/L, 2.98 U/L, and 15547 U/L, respectively, using maximally selected

rank statistics.
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TABLE 1 Baseline characteristics of hilar cholangiocarcinoma patients.

10.3389/fmed.2025.1705110

Variable Total Low High p-value
Age (years) 0.004
<70 76 (67.86%) 39 (82.98%) 37 (56.92%)
>70 36 (32.14%) 8(17.02%) 28 (43.08%)
Surgical approach 0.696
Open surgery 16 (14.29%) 6 (12.77%) 10 (15.38%)
Laparoscopy 96 (85.71%) 41 (87.23%) 55 (84.62%)
Gender 0.152
Male 70 (62.50%) 33 (70.21%) 37 (56.92%)
Female 42 (37.50%) 14 (29.79%) 28 (43.08%)
BMI (kg/m?) 23.99£3.01 23.55+£2.98 24.30 £3.01 0.127
Platelet count (x10°/L) 225.34 £76.65 221.34£91.92 228.23 £ 64.00 0.260
Neutrophils (x10°/L) 4.62+191 4.39 £2.01 4.79 £1.83 0.136
Monocytes (x10°/L) 0.54£0.24 0.52+0.25 0.56 £ 0.24 0.336
Lymphocytes (x10°/1) 1.38 +0.50 1.47 £ 0.56 1.32+0.44 0.224
Vascular invasion 0.511
No 73 (65.18%) 29 (61.70%) 44 (67.69%)
Yes 39 (34.82%) 18 (38.30%) 21(32.31%)
Neural invasion 0.942
No 14 (12.50%) 6 (12.77%) 8 (12.31%)
Yes 98 (87.50%) 41 (87.23%) 57 (87.69%)
Tumor differentiation 0.370
Poor 46 (41.07%) 17 (36.17%) 29 (44.62%)
Moderate/Well 66 (58.93%) 30 (63.83%) 36 (55.38%)
Leakage 0.090
No 92 (82.14%) 42 (89.36%) 50 (76.92%)
Yes 20 (17.86%) 5(10.64%) 15 (23.08%)
Diabetes 0.692
No 97 (86.61%) 40 (85.11%) 57 (87.69%)
Yes 15 (13.39%) 7 (14.89%) 8(12.31%)
Hypertension 0.003
No 68 (60.71%) 36 (76.60%) 32 (49.23%)
Yes 44 (39.29%) 11 (23.40%) 33 (50.77%)
Lymph node metastasis 0.042
No 79 (70.54%) 38 (80.85%) 41 (63.08%)
Yes 33 (29.46%) 9 (19.15%) 24 (36.92%)
CA19-9 (U/mL) 0.301
<37 19 (16.96%) 10 (21.28%) 9 (13.85%)
>37 93 (83.04%) 37 (78.72%) 56 (86.15%)
Degree of cure 0.418
RO 94 (83.93%) 41 (87.23%) 53 (81.54%)
R1 18 (16.07%) 6 (12.77%) 12 (18.46%)
PLR 185.45 + 97.94 177.77 £ 117.88 191.00 £ 81.09 0.080
NLR 3.87+£2.48 3.54 +2.67 4.11+2.33 0.050
AJCC stage 0.695
(Continued)
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TABLE 1 (Continued)

10.3389/fmed.2025.1705110

Variable Total Low High p-value
I-1I 62 (55.36%) 25 (53.19%) 37 (56.92%)
-V 50 (44.64%) 22 (46.81%) 28 (43.08%)

TBIL (umol/L) 0.006
<34.2 26 (23.21%) 17 (36.17%) 9 (13.85%)
>34.2 86 (76.79%) 30 (63.83%) 56 (86.15%)

AST (U/L) 0.094
<40 29 (25.89%) 16 (34.04%) 13 (20.00%)
>40 83 (74.11%) 31 (65.96%) 52 (80.00%)

ALT (U/L) 0.161
<50 26 (23.21%) 14 (29.79%) 12 (18.46%)
>50 86 (76.79%) 33 (70.21%) 53 (81.54%)

Tumor size (cm) 0.665
<3cm 88 (78.57%) 36 (76.60%) 52 (80.00%)
>3 cm 24 (21.43%) 11 (23.40%) 13 (20.00%)

Bismuth-Corlette 0.104
Type I-11 53 (47.32%) 18 (38.30%) 35 (53.85%)
Type III-1V 59 (52.68%) 29 (61.70%) 30 (46.15%)

LAR, lactate dehydrogenase to albumin ratio; CA 19-9, carbohydrate antigen 19-9; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; BMI, body mass index; ALT,
alanine aminotransferase; TBIL, total bilirubin; AST, aspartate aminotransferase; AJCC, American Joint Committee on Cancer.

poor: HR 0.57, 0.37-0.88; p = 0.011) were protective; R1 resection was
associated with increased risk versus microscopically negative margin
(RO) (HR 2.04, 1.17-3.54; p =0.012). Multicollinearity was not
detected (all variance inflation factors <2.5; e.g., PLR 1.27, NLR 1.23).
In the multivariable model (Table 3), variables with p < 0.05 in the
univariable analysis were included, and high PLR (HR 2.12, 1.26-3.55;
p =0.004), ALT >50 U/L (HR 2.94, 1.27-6.77; p = 0.012), and high
LAR (HR 1.70, 1.01-2.87; p = 0.046) remained independent predictors
of poorer survival, whereas better differentiation was independently
protective (HR 0.51, 0.33-0.83; p = 0.006); patients with R1 margins
had worse outcomes than those with RO (HR 2.04, 1.14-3.64;
p =0.012). Lymph node metastasis showed a borderline association
(HR 1.65, 1.00-2.73; p = 0.051), and CA19-9, TBIL, AST, and NLR
were not significant in the final model. To assess the predictive
performance and stability of the Cox regression model, we performed
10-fold cross-validation. The C-index for the model was 0.691, with a
standard deviation of 0.114 and a coeflicient of variation (CV) of
0.166. The 95% confidence interval for the C-index ranged from 0.661
to 0.765. These results demonstrate that the model has good predictive
accuracy and stability, effectively distinguishing between risk groups
with minimal variability across different data subsets.

3.3 Subgroup analysis

In the subgroup forest plot, the association between high LAR and
worse overall survival (OS) was directionally consistent across most
prespecified strata (HRs predominantly >1), with 95% ClIs crossing
unity in only a few subgroups. No significant interactions were
detected (all p for interaction >0.05), indicating a robust and consistent
adverse effect of high LAR across clinical subgroups. Point estimates
tended to be larger in higher-risk strata (e.g., R1 margins, stage III-IV,
node-positive), but there was no statistical evidence of effect
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modification. These findings align with the multivariable Cox model
in which LAR remained an independent adverse prognostic factor.
The model was adjusted for PLR, AJCC stage (TNM), surgical margin,
and ALT levels (Figure 3).

4 Discussion

In this study, we identified the preoperative LAR as an
independent prognostic factor of survival for patients with HCCA
undergoing radical resection. Individuals in the high-LAR group had
notably worse outcomes than those in the low-LAR group, and the
prognostic impact of LAR remained significant after adjusting for
other clinicopathological factors. These results indicate that LAR, a
simple and inexpensive index derived from routine laboratory tests,
could serve as a valuable marker for risk stratification.

Elevated LDH reflects a Warburg phenotype in which cancer cells
convert pyruvate to lactate despite oxygen availability, regenerating
NAD* to sustain high glycolytic flux and the biosynthetic and
energetic needs of rapid proliferation (12). This metabolic shift not
only fuels tumor growth but also promotes invasive behavior and
resistance to cell death (13). LDH has been shown to correlate with
tumor progression, metastasis, and poor prognosis in various cancers,
including biliary tract cancer (14). By measuring LDH levels,
we indirectly assess the metabolic aggressiveness of the tumor, which
is critical for predicting survival outcomes in patients undergoing
curative resection. Conversely, hypoalbuminemia serves as an
indicator of malnutrition and systemic inflammation (8). Low serum
albumin levels often result from chronic inflammation, which is a
hallmark of many cancers. Inflammatory cytokines, notably tumor
necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), can induce
the liver to decrease albumin production, while simultaneously
enhancing the synthesis of acute-phase proteins (15). The presence of

06 frontiersin.org


https://doi.org/10.3389/fmed.2025.1705110
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Lietal.

TABLE 2 Univariate analyses of OS in hilar cholangiocarcinoma patients.

Variable HR (95% ClI) p-value
Age (<70/>70 years) 1.01 (0.98-1.03) 0.675
ls;ragrl;ai:;’;roach (open surgery/ 1.05 (0.55-1.99) 0.882
Gender (male/female) 1.06 (0.68-1.64) 0.811
BMI (kg/m?) 1.02 (0.95-1.09) 0.650
Platelet count (x10°/L) 1.00 (1.00-1.00) 0.135
Neutrophils (x10°/L) 1.05 (0.93-1.18) 0.425
Monocytes (x10°/L) 1.01 (0.43-2.40) 0.979
Lymphocytes (x10°/L) 0.56 (0.35-0.90) 0.017
Vascular invasion (no/yes) 1.13 (0.72-1.75) 0.595
Perineural invasion (no/yes) 1.06 (0.56-1.99) 0.867
Bile leakage (no/yes) 1.09 (0.63-1.88) 0.759
Diabetes (no/yes) 0.57 (0.26-1.24) 0.157
Hypertension (no/yes) 0.76 (0.48-1.19) 0.232
Lymph node metastasis (no/yes) 2.33(1.48-3.66) <0.001
CA19-9 (<37/>37 U/mL) 1.92 (1.01-3.63) 0.045
Degree of cure (RO/R1) 2.04 (1.17-3.54) 0.012
NLR (low/high) 1.61 (1.04-2.51) 0.034
PLR (low/high) 2.30 (1.45-3.63) <0.001
TNM stage (I-II/IIT-1V) 0.88 (0.57-1.36) 0.575
Total bilirubin (<34.2/>34.2 pmol/L) 2.14 (1.21-3.79) 0.009
AST (<40/>40 U/L) 1.87 (1.10-3.17) 0.020
ALT (<50/>50 U/L) 1.95 (1.12-3.38) 0.017
Tumor size (<3/>3 cm) 1.13 (0.66-1.93) 0.652
iilir;l\l:;h—Corlette (type I-Il/type 076 (049-1.16) 0.199
LAR (low/high) 2.24 (1.42-3.53) <0.001
AJCC stage (poor/moderate and well) 0.57 (0.37-0.88) 0.011

LAR, lactate dehydrogenase to albumin ratio; CA 19-9, carbohydrate antigen 19-9; NLR,

neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; BMI, body mass index;
ALT, alanine aminotransferase; TBIL, total bilirubin; AST, aspartate aminotransferase; AJCC,

American Joint Committee on Cancer.

systemic inflammation impairs immune function, disrupts normal
tissue repair mechanisms, and enhances cancer cell survival, thereby
contributing to cancer progression (16, 17). Additionally,
hypoalbuminemia is a well-established indicator of poor nutritional
status, which is frequently observed in cancer patients due to
decreased intake, malabsorption, and catabolic states driven by the
tumor (18, 19). By combining LDH and albumin, the LAR
simultaneously captures tumor biology and the host’s systemic
inflammatory-nutritional response, making it a more robust,
multifaceted biomarker.

In line with our findings in HCCA, recent studies in other tumor
types have demonstrated that the LDH-to-albumin ratio (LAR) is a
significant prognostic biomarker. For example, in extranodal NK/T-
cell lymphoma, higher LAR predicted worse OS and progression-free
survival (PFS) after controlling for baseline features (20). In oral
cancer, high preoperative LAR was recognized as an independent
prognostic factor of poor overall survival (21). Similarly, in breast
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TABLE 3 Multivariate analyses of OS in hilar cholangiocarcinoma
patients.

Variable HR (95% ClI) p-value
Lymph node metastasis (no/yes) 1.65 (1.00-2.73) 0.051
CA19-9 (<37/>37 U/mL) 1.35 (0.62-2.97) 0.449
Degree of cure (RO/R1) 2.04 (1.14-3.64) 0.012
NLR (low/high) 0.89 (0.55-1.46) 0.653
PLR (low/high) 2.12 (1.26-3.55) 0.004
Total bilirubin (<34.2/>34.2 pmol/L) 1.10 (0.57-2.15) 0.773
AST (<40/>40 U/L) 0.54 (0.24-1.23) 0.143
ALT (<50/>50 U/L) 2.94 (1.27-6.77) 0.012
LAR (no/high) 1.70 (1.01-2.87) 0.046
AJCC stage (poor/moderate and well) 0.51 (0.33-0.83) 0.006

LAR, lactate dehydrogenase to albumin ratio; CA 19-9, carbohydrate antigen 19-9; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALT, alanine
aminotransferase; TBIL, total bilirubin; AST, aspartate aminotransferase; AJCC, American
Joint Committee on Cancer.

cancer, patients with elevated preoperative LAR exhibited worse
progression-free survival compared with the low-LAR group (22).
High preoperative LAR in bladder cancer was also linked to worse
overall and recurrence-free survival outcomes (23). In our cohort,
high PLR was an independent predictor of poorer survival, consistent
with the findings of Saito et al. (24), who reported that elevated PLR
demonstrated a significant relationship with reduced survival. In
contrast, Lin et al. (25) reported that LMR, rather than PLR or NLR,
was the most robust prognostic marker, suggesting variability across
cohorts and analytic strategies. Our study did not identify NLR as an
independent prognostic factor, in contrast to Dumitrascu et al. (26),
who demonstrated its significance together with RO resection and
adjuvant therapy. Such inconsistency may be attributable to variations
in cut-off definitions, cohort size, or therapeutic strategies.

This study has several limitations that should be considered. First,
the single-center, retrospective design, and relatively small sample size
may limit the generalizability of our findings and introduce potential
selection bias. The relatively small cohort is partly due to the rarity of
HCCA, a rare and highly aggressive malignancy, which naturally
restricts the number of eligible patients. Additionally, the strict
inclusion and exclusion criteria, which aimed to select a homogeneous
patient group for more reliable analysis, further contributed to the
smaller cohort size. Therefore, the sample size reflects both the rarity
of the disease and the predefined selection criteria. While the model
is encouraging, its predictive accuracy as measured by the C-index
(0.691) still has room for improvement, and the small sample size may
limit the statistical power of some subgroup analyses. External
validation with larger, multicenter cohorts is needed to confirm the
robustness and applicability of our findings. Secondly, the study did
not include details regarding postoperative management, such as
adjuvant therapy, recurrence status, or complications, which could
potentially affect long-term outcomes. These factors, if incorporated
into future studies, may offer a more comprehensive view of the
prognostic significance of LAR. Furthermore, dynamic changes in
LAR over time were not analyzed in this study. Given that LAR is a
marker that could fluctuate in response to tumor progression or
treatment, future research incorporating serial measurements of LAR
during the perioperative or adjuvant treatment periods could provide

frontiersin.org


https://doi.org/10.3389/fmed.2025.1705110
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Lietal. 10.3389/fmed.2025.1705110
Variable Count Percent(%) HR (95% ClI) p value P for interaction
Age : 0.131
<70 76 67.9 : | 2.43(1.39, 4.25) 0.002
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Gender | 0.636
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AJCC stage | 0.079
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Tumor size 1 0.968
<3cm 88 78.6 :l-'—l 1.92 (1.14,3.22) 0.014
>3cm 24 214 =‘ i 1.71(0.37,7.94) 0.491

Bismuth-Corlette I 0.040
Type |-l 53 47.3 ‘;—I 0.88 (0.41,1.91) 0.749
Type IlI-IV 59 52.7 :I—-—I 2.57 (1.36, 4.84) 0.003

Degree of cure : 0.705
RO 94 83.9 i—-—l 1.79 (1.07, 3.00) 0.026
R1 18 16.1 H—-—l 2.07 (0.62,6.87) 0.237

Lymph node metastasis ‘[ 0.192
Yes 33 29.5 i 1.06 (0.45,2.48) 0.895
No 79 70.5 e 2.40 (1.33,4.32) 0.003

Tumor differentiation : 0.160
Poor 46 411 — 1.28 (0.65, 2.54)  0.475
Moderate/Well 66 58.9 | p—— 3.02 (1.57,5.84) 0.001

Overall 112 100.0 = 1.83 (1.16,2.89) 0.010
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FIGURE 3

Subgroup analyses of overall survival according to preoperative LAR status.

additional prognostic insights. This would enhance our understanding
of how LAR reflects the ongoing tumor biology and the host’s systemic
inflammatory-nutritional response.

5 Conclusion

Preoperative lactate dehydrogenase-to-albumin ratio (LAR) is an
independent prognostic factor in patients with hilar cholangiocarcinoma
after radical resection. As a simple and inexpensive biomarker reflecting
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tumor metabolism and host status, LAR may assist in risk stratification
and postoperative management. Further multicenter prospective
studies are needed to validate its prognostic utility.
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Glossary

HCCA - Hilar cholangiocarcinoma

LAR - Lactate dehydrogenase-to-albumin ratio
LDH - Lactate dehydrogenase

ALB - Albumin

NLR - Neutrophil-to-lymphocyte ratio

PLR - Platelet-to-lymphocyte ratio

OS - Overall survival

HR - Hazard ratio

CI - Confidence interval

TBIL - Total bilirubin
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ALT - Alanine aminotransferase

AST - Aspartate aminotransferase

CA19-9 - Carbohydrate antigen 19-9

AJCC - American Joint Committee on Cancer
UICC - Union for International Cancer Control
VIEF - Variance inflation factor

RO/R1 - Resection margin status

PFS - Progression-free survival

p - p-value

TNM - Tumor-node-metastasis classification
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