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AIM: Although curative resection remains a cornerstone treatment for hepatocellular carcinoma (HCC), recurrence continues to limit
durable disease control in a considerable proportion of patients. Improved postoperative risk assessment may facilitate more individu-
alized surveillance and management strategies. Accordingly, we examined the prognostic performance of a dynamic alpha-fetoprotein—
lactate dehydrogenase (AFP-LDH) Index in predicting recurrence after curative resection.

METHODS: Patients who underwent curative resection for HCC between January 2020 and January 2025 were retrospectively analyzed.
The AFP-LDH Index was calculated as logio (postoperative AFP x LDH / preoperative AFP). Survival probabilities were estimated
using the Kaplan—Meier method, and the relationship between clinical variables and outcomes was examined with Cox proportional
hazards models. Receiver operating characteristic (ROC) analysis was used to identify the optimal cutoff value. Internal validation of
the discriminative performance of the AFP—LDH Index was performed using bootstrap resampling (2000 repetitions), and optimism-
corrected area under the curve (AUC) estimates with bootstrap-derived 95% confidence intervals were reported.

RESULTS: A total of 50 patients were included, with a median follow-up duration of 27.9 months. Recurrence occurred in 26 patients
(52.0%). The median RFS was 23 months (95% confidence interval [CI]: 14.5-31.5). ROC analysis identified an optimal AFP-LDH
Index cutoff value of >1.67, demonstrating promising discriminative performance (AUC = 0.960). In multivariable analysis, the AFP—
LDH Index remained an independent predictor of recurrence (hazard ratio [HR]: 27.24, 95% CI: 5.41-137.14, p <0.001). ROC analysis
demonstrated good discriminative performance for recurrence prediction (AUC = 0.960; 95% CI: 0.863-0.995; p < 0.001).
CONCLUSIONS: The dynamic AFP-LDH Index was independently associated with recurrence risk after curative resection for HCC.
This exploratory composite biomarker demonstrated promising prognostic performance; however, further multicenter validation is re-
quired before routine clinical application.
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assessment based solely on single time-point AFP measure-
ments may not adequately reflect the biological heterogene-
Introduction ity of tumors. Models combining AFP with other laboratory
parameters have been shown to demonstrate stronger prog-

Hepatocellular carcinoma (HCC) is an aggressive malig- nostic performance compared with AFP alone [2].

nancy characterized by high recurrence rates despite cura- S
tive surgical resection. Early and late recurrence follow- Efforts to refine recurrence prediction in resectable HCC

ing resection represent the most important determinants of ~ have led to the development of prognostic approaches that

long-term survival. Therefore, postoperative biological risk integrate multiple biological and clinical determinants. In

stratification has become a critical requirement in clinical ~ Particular, nomograms and radiomics-based models incor-
management. porating biochemical parameters have demonstrated im-

proved predictive accuracy beyond conventional patholog-
ical variables [3,4]. In a radiomics-based model devel-
oped by Cui et al. [3], both AFP and lactate dehydro-
genase (LDH) were identified as independent prognos-
tic factors contributing significantly to the prediction of
recurrence-free survival (RFS). Similarly, AFP-based labo-
ratory scores and prognostic nomograms have enabled more

Alpha-fetoprotein (AFP) remains a key serum biomarker
in hepatocellular carcinoma and has established diagnos-
tic and prognostic significance. Recent evidence indicates
that elevated baseline AFP levels are associated with poor
prognosis and an increased risk of recurrence [ 1]. However,
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metabolic aggressiveness of the tumor [3]. In this context,
integrating the dynamic changes in AFP, which reflect tu-
mor burden, with LDH, an indicator of metabolic activity,
may provide a more comprehensive representation of the
biological risk following resection.

Based on this rationale, the AFP-LDH Index (log;o [post-
operative AFP x LDH / preoperative AFP]) was de-
fined to integrate postoperative tumor marker kinetics and
metabolic proliferative potential into a single composite pa-
rameter. Although AFP-based models and LDH-containing
prognostic systems have been described in the literature
[1,2,3,4], data regarding the independent impact of an in-
dex combining dynamic AFP changes with LDH in patients
with resectable HCC remain limited.

The present study investigated whether an index combining
AFP dynamics and LDH levels could identify patients at
increased risk of recurrence following curative resection for
HCC.

Methods
Study Setting and Patient Selection

A retrospective review was conducted in patients with HCC
treated between January 2020 and January 2025. Decisions
regarding surgical resection were made following multidis-
ciplinary tumor board assessment. During the study period,
atotal of 82 patients assessed for surgical resection were ret-
rospectively reviewed. Patients who did not undergo cura-
tive resection, those with incomplete clinical or laboratory
data, and those with insufficient follow-up duration were
excluded from the study. A total of 50 patients who met the
inclusion criteria and underwent curative resection were in-
cluded in the final analysis.

Clinical and Pathological Evaluation

Demographic and clinicopathological data were retrospec-
tively extracted from electronic medical records. Liver
function reserve was assessed according to the Child—Pugh
classification [5]. Performance status was assessed using
the Eastern Cooperative Oncology Group (ECOG) perfor-
mance score [6].

Pathological evaluation included the maximum tumor di-
ameter, tumor number, presence of microvascular inva-
sion, tumor differentiation grade, and tumor necrosis per-
centage. Tumor necrosis percentage was recorded directly
from the original pathology reports, as estimated by the re-
porting pathologist during routine histopathological evalua-
tion. No retrospective re-evaluation or independent quanti-
tative measurement of tumor necrosis was performed for the
present study. Tumor capsule presence was defined accord-
ing to the pathological examination report as the presence
of a histologically identifiable fibrous capsule partially or
completely surrounding the tumor. Resection margins were
reported as negative (R0) in all cases.
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Laboratory Parameters and AFP—-LDH Index

Serum AFP levels, measured in ng/mL, were evaluated in
both the preoperative and postoperative periods. Preopera-
tive AFP and LDH values were defined as serum measure-
ments obtained within 7 days prior to surgery. The post-
operative AFP value was defined as a stable measurement
obtained at least 4 weeks after surgery, before the initia-
tion of any adjuvant therapy, in order to minimize early
biochemical changes related to surgical intervention. The
AFP-LDH Index was designed to integrate baseline tumor
burden, postoperative tumor marker kinetics, and tumor
metabolic activity into a single composite parameter. Ac-
cordingly, preoperative AFP was used as a reference mea-
sure of baseline tumor burden, postoperative AFP was in-
tended to reflect residual biological activity following re-
section, and preoperative LDH was incorporated as a sur-
rogate marker of tumor metabolic activity.

The AFP-LDH Index was calculated using the following
formula:

AFP-LDH Index = log)( (postoperative AFP x LDH / pre-
operative AFP).

AFP and LDH levels may vary widely in clinical practice
and typically exhibit a right-skewed distribution. In partic-
ular, multiplication of postoperative AFP and LDH values
may increase variance and amplify the influence of extreme
values on statistical analyses. This may reduce the stability
of regression estimates and violate the assumption of linear-
ity for continuous variables. Therefore, logarithmic (log;o)
transformation was applied during index calculation. LDH
was entered as its numerical value measured in U/L and was
not standardized or transformed into a dimensionless vari-
able before index calculation. Accordingly, the AFP-LDH
Index should be interpreted as an empirically derived statis-
tical index rather than a dimensionless biochemical quan-
tity.

Log transformation contributes to stabilizing variance by
producing a more symmetric distribution and reducing the
impact of outliers on model estimates. This approach im-
proves model fit and reliability in Cox regression analy-
ses. In addition, logarithmic transformation enables propor-
tional scaling of biomarker kinetics, allowing more reliable
comparisons among patients with widely variable baseline
AFP levels.

Follow-up and Endpoints

Patients were followed at regular intervals according to the
institutional follow-up protocol, including clinical evalua-
tion, serum AFP measurement, and contrast-enhanced com-
puted tomography or magnetic resonance imaging.

The primary endpoint was defined as RFS. RFS was defined
as the time from the date of surgery to the date of the first
radiological or clinical recurrence. Patients without recur-
rence during follow-up were censored at the date of their
last clinical assessment.
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The secondary endpoint was defined as overall survival
(OS). OS was calculated as the time from the date of surgery
to the date of death. Patients who were alive at the time of
analysis were censored at the date of their last follow-up.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation or median (interquartile range [IQR]), as appro-
priate according to data distribution, while categorical vari-
ables were summarized as frequencies and percentages.
The normality of continuous variables was assessed using
the Shapiro—Wilk test. Group comparisons for continu-
ous variables were performed using Student’s #-test for nor-
mally distributed variables and the Mann—Whitney U test
for non-normally distributed variables. Categorical vari-
ables were compared using the chi-square test or Fisher’s
exact test, as appropriate according to expected cell fre-
quencies.

RFS and OS were analyzed using the Kaplan—Meier
method, and differences between groups were evaluated us-
ing the log-rank test. RFS was analyzed using Kaplan—
Meier and Cox proportional hazards methods. Conven-
tional ROC analysis was performed separately as an ex-
ploratory analysis to assess discrimination between patients
with and without recurrence during the observed follow-up
period and was not used to evaluate time-to-event RFS.

To identify factors associated with recurrence, univari-
ate Cox proportional hazards regression analysis was per-
formed. The proportional hazards assumption was assessed
using Schoenfeld residuals and was not violated. Variables
considered clinically relevant and those with p <0.10 in uni-
variate analysis were included in the multivariate Cox re-
gression model. Given the limited number of events, a par-
simonious model was constructed by including a restricted
number of clinically relevant variables that met the p <0.10
threshold in univariate analysis, in order to reduce the risk
of overfitting. The AFP-LDH Index was entered into the
Cox regression models as a continuous variable.

The discriminative performance of the AFP-LDH Index for
distinguishing patients with versus without recurrence dur-
ing follow-up was evaluated using conventional receiver
operating characteristic (ROC) curve analysis, and the area
under the curve (AUC) was calculated. The optimal cutoff
value was determined using the Youden index. Internal val-
idation of the discriminative performance of the AFP—LDH
Index was performed using bootstrap resampling (2000 rep-
etitions). Since the primary objective was to assess discrim-
ination, optimism-corrected area under the curve (AUC)
estimates with bootstrap-derived 95% confidence intervals
were reported.

Multicollinearity among variables included in the multi-
variate model was assessed using variance inflation factor
(VIF) analysis, and no significant collinearity was detected.
Statistical analyses were performed using SPSS software

(version 26.0, IBM Corp., Armonk, NY, USA), and a two-
sided p value <0.05 was considered statistically significant.

Results

During the study period, a total of 82 patients diagnosed
with HCC who were evaluated for surgical resection by
the multidisciplinary tumor board were retrospectively re-
viewed. Of these, 14 patients who did not undergo curative
resection, 8 patients with incomplete clinical or laboratory
data, and 10 patients with insufficient follow-up duration
were excluded. A total of 50 patients who met the inclusion
criteria and underwent curative resection were included in
the final analysis.

The median follow-up duration was 27.9 months (range:
3-59 months). During follow-up, recurrence occurred in
26 patients (52.0%), while 24 patients (48.0%) remained
recurrence-free. At the end of follow-up, 33 patients
(66.0%) were alive and 17 patients (34.0%) had died. Mor-
tality was significantly higher among patients who devel-
oped recurrence (p < 0.001).

Baseline clinicopathological characteristics of the patients
are presented in Table 1. The mean age was 62.2 + 7.5 years,
and 70.0% of the patients were male. There were no sig-
nificant differences between recurrence groups in terms of
age and sex distribution (p = 0.744 and p = 0.902, respec-
tively). No significant differences were observed regarding
etiology, Child—Pugh class, or Eastern Cooperative Oncol-
ogy Group Performance Status (ECOG-PS) (all p > 0.05).
Tumor size was significantly associated with recurrence (p
= 0.024), with tumors >5 cm being more frequent in the
recurrence group. Microvascular invasion was markedly
more common in patients who developed recurrence com-
pared with those without recurrence (69.2% vs. 16.7%, p
<0.001). Tumor necrosis percentage was also significantly
higher in the recurrence group (p = 0.023). No significant
differences were observed in terms of tumor number or tu-
mor capsule presence.

Preoperative AFP levels did not differ significantly between
recurrence groups (p = 0.162). In contrast, postoperative
AFP levels were significantly higher among patients who
developed recurrence (p < 0.001). The composite analysis
was primarily conducted based on the AFP—-LDH Index in
accordance with the main study hypothesis. The AFP-LDH
Index was significantly higher in patients who developed
recurrence (p < 0.001) (Table 1).

In Kaplan—Meier survival analysis, the median RFS for the
overall cohort was 23 months (95% CI: 14.5-31.5). The es-
timated RFS probabilities were 67.2% at 1 year, 45.7% at
2 years, and 43.0% at 3 years. Patients with an AFP-LDH
Index >1.67 demonstrated significantly shorter RFS com-
pared with those with an index <1.67 (log-rank p < 0.001)
(Fig. 1).

In univariate Cox regression analysis, tumor size >5 cm
(hazard ratio [HR]: 3.49; 95% CI: 1.16-10.47; p = 0.026),
presence of microvascular invasion (HR: 3.76; 95% CI:
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Table 1. Baseline clinicopathological characteristics according to recurrence status.

Variable Total (n = 50) No recurrence (n =24) Recurrence (n=26)  p value
Age, years (mean + SD) 62.2+7.5 61.9+6.6 62.6 £8.4 0.744
Male, n (%) 35(70.0) 17 (70.8) 18 (69.2) 0.902
HBV 19 (38.0) 10 (41.7) 9 (34.6)
HCV 13 (26.0) 6(25.0) 7(26.9)
_ HBV+HCV 3(6.0) 0 (0.0) 3(11.5)
Etiology, n (%) 0.642
NASH 10 (20.0) 6(25.0) 4(15.4)
Alcohol 2 (4.0) 1(4.2) 1(3.8)
Idiopathic 3(6.0) 1(4.2) 2(7.7)
) 44 (88.0) 20 (83.3) 24 (92.3)
Child—Pugh class, n (%) 0.409
6(12.0) 4(16.7) 2(7.7)
0 35(70.0) 15 (62.5) 20 (76.9)
ECOG-PS, n (%) 0.266
1 15 (30.0) 9(37.5) 6(23.1)
<3 cm 17 (34.0) 12 (50.0) 5(19.2)
Tumor size, n (%) 3-5cm 22 (44.0) 10 (41.7) 12 (46.2) 0.024
>5 cm 11 (22.0) 2(8.3) 9(34.6)
1 33 (66.0) 17 (70.8) 16 (61.5)
Tumor number, n (%) 2 12 (24.0) 4 (16.7) 8(30.8) 0.558
3 5(10.0) 3(12.5) 2(7.7)
Tumor capsule presence, n (%) 40 (80.0) 19 (79.2) 21 (80.8) 0.887
Microvascular invasion, n (%) 22 (44.0) 4(16.7) 18 (69.2) <0.001
Tumor necrosis (%), mean+SD 24.3+13.1 19.9+11.8 28.3+13.3 0.023
Preoperative AFP (ng/mL), median (IQR)  43.0 (28.25-100.63) 36.6 (26.5-80.2) 57.95 (31.5-135.75) 0.162
Postoperative AFP (ng/mL), median (IQR)  10.55 (4.10-24.55) 4.20 (3.10-7.93) 18.55(13.35-37.43)  <0.001
LDH (U/L), mean+SD 213.0+58.0 200.0+51.0 226.0+62.0 0.116
AFP-LDH Index, mean+SD 1.60+0.31 1.36+0.23 1.83£0.17 <0.001

HBYV, hepatitis B virus; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis; ECOG-PS, Eastern Cooperative Oncology

Group Performance Status; AFP, alpha-fetoprotein; LDH, lactate dehydrogenase; AFP-LDH Index, log;o (postoperative AFP

x LDH / preoperative AFP), SD, standard deviation; IQR, interquartile range. Categorical variables were compared using the

chi-square test or Fisher’s exact test, as appropriate according to expected cell frequencies.

1.62-8.70; p = 0.002), tumor necrosis percentage (HR:
1.03; 95% CI: 1.00-1.06; p = 0.033), and the AFP-LDH
Index (HR: 35.72; 95% CI: 8.13-157.00; p < 0.001) were
significantly associated with RFS (Table 2).

Due to the limited number of events, clinically relevant
variables were included in the multivariate model. After
adjustment for tumor size, microvascular invasion, and tu-
mor necrosis, the AFP-LDH Index remained an indepen-
dent prognostic factor for RFS (HR: 27.24; 95% CI: 5.41—
137.14; p <0.001) (Table 2).

The original ROC curve analysis demonstrated that the
AFP-LDH Index had good discriminative performance for
distinguishing patients with versus without recurrence dur-
ing follow-up (AUC = 0.960; 95% CI: 0.863-0.995; p <
0.001). The optimal cutoff value determined using the
Youden index was >1.67, yielding a sensitivity of 84.62%
and a specificity of 95.83%. Internal validation of the dis-
criminative performance using bootstrap resampling (2000
repetitions) yielded an optimism-corrected AUC of 0.961
(95% CI: 0.901-0.997). However, given the limited sam-
ple size and the absence of external validation, the observed
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performance should be interpreted with caution. The ROC
curve is presented in Fig. 2.

In Kaplan—Meier analysis, the median OS was not reached
during the follow-up period. The estimated OS probabili-
ties were 89.7% at 1 year, 70.3% at 2 years, and 62.0% at 3
years (Fig. 3).

In univariate Cox regression analysis, microvascular inva-
sion (HR: 4.54; 95% CI: 1.47-13.98; p = 0.008) and the
AFP-LDH Index (HR: 20.89; 95% CI: 3.51-124.24; p <
0.001) were significantly associated with OS. In multivari-
ate analysis, after adjustment for tumor size and microvas-
cular invasion, the AFP-LDH Index remained an indepen-
dent prognostic factor for OS (HR: 17.20; 95% CI: 2.04—
144.98; p = 0.009) (Table 3).

Discussion

In this retrospective study, we evaluated the prognostic
value of the dynamic AFP-LDH Index for recurrence-free
survival in patients with HCC undergoing curative resec-
tion. Our findings demonstrated that the AFP-LDH Index
was independently associated with recurrence risk in multi-
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Fig. 1. Kaplan—Meier curve showing recurrence-free survival according to AFP-LDH Index cutoff values (<1.67 vs >1.67).

Table 2. Univariable and multivariable Cox regression analysis for recurrence.

Variable

Univariable HR (95% CI) p value Multivariable HR (95% CI) p value

Tumor size >5 cm 3.49 (1.16-10.47)
3.76 (1.62-8.70)

1.03 (1.00-1.06)

Microvascular invasion
Tumor necrosis (%)
AFP-LDH Index

35.72 (8.13-157.00)

0.026 2.11 (0.61-7.28) 0.236
0.002 2.94 (1.01-8.52) 0.048
0.033 1.02 (0.99-1.05) 0.141
<0.001 27.24 (5.41-137.14) <0.001

HR, hazard ratio.

Table 3. Univariate and multivariable Cox regression analysis for overall survival.

Variable

Univariable HR (95% CI) p value Multivariable HR (95% CI) p value

Tumor size >5 cm 2.55(0.94-6.91)

Microvascular invasion 4.54 (1.47-13.98)

AFP-LDH Index

20.89 (3.51-124.24)

0.066 1.62 (0.58-4.50) 0.354
0.008 2.32(0.73-7.39) 0.154
<0.001 17.20 (2.04-144.98) 0.009

variable analysis and showed favorable discriminative per-
formance in ROC analysis. Internal validation using boot-
strap resampling supported the stability of the discrimina-
tive performance of the AFP-LDH Index. Taken together,
these findings suggest that integrating postoperative AFP
dynamics with LDH may provide complementary biolog-
ical information for postoperative recurrence risk assess-
ment in HCC. However, given the limited sample size and
absence of external validation, the findings should be inter-
preted cautiously.

It is well established that recurrence rates remain high af-
ter curative resection for HCC, and early risk stratifica-
tion plays a critical role in postoperative clinical manage-
ment [2,3,4,7]. AFP has long been used as a prognostic
biomarker in HCC; however, its discriminative capacity
may be limited, particularly in patients with early-stage dis-
ease or low AFP levels [1,2]. Therefore, in recent years,
several models integrating AFP with additional laboratory
parameters have been developed. An et al. [8] demon-
strated that nomograms incorporating PIVKA-II and mul-
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Fig. 2. Receiver operating characteristic (ROC) curve of the AFP-LDH Index for recurrence prediction. The displayed curve

represents the original ROC analysis. AUC, area under the curve.

tiple serum biomarkers could improve prognostic accuracy
in HCC. Similarly, Wang et al. [9] reported that prognostic
nomograms developed for AFP-negative HCC patients pro-
vided superior predictive performance compared with AFP
alone. These findings support the concept that combined
biomarker approaches may offer superior prognostic per-
formance compared with single-parameter models.

LDH is an important indicator of tumor metabolism and
is associated with increased glycolysis and a hypoxic tu-
mor microenvironment. Previous studies have suggested
that LDH may reflect tumor aggressiveness and adverse on-
cological outcomes in patients with HCC [10,11,12]. The
ability of LDH to reflect the metabolic dimension of tumor
biology suggests that it represents more than a simple enzy-
matic parameter and may serve as an indirect indicator of
tumor aggressiveness. AFP, in contrast, is an established
prognostic biomarker in HCC, with elevated serum AFP
levels being associated with an increased risk of recurrence
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and poorer survival [13]. Therefore, the combined evalua-
tion of AFP and LDH allows integrated assessment of tu-
mor burden and metabolic activity. The rationale for the
AFP-LDH Index was to integrate complementary biologi-
cal information from routinely available laboratory param-
eters. Preoperative AFP was used as a reference measure of
baseline tumor burden, postoperative AFP reflected resid-
ual biological activity following resection, and preoperative
LDH served as a surrogate marker of tumor metabolic activ-
ity. By combining these parameters, the AFP-LDH Index
was designed to capture both tumor marker dynamics and
metabolic aggressiveness within a single composite mea-
sure.

The AFP-LDH Index may also be biologically associated
with microvascular invasion and tumor size. However,
these potential biological associations should be further ex-
plored and validated in prospective studies.
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Fig. 3. Kaplan—Meier curve for overall survival in the study cohort.

Composite biomarker approaches integrating multiple bio-
logical dimensions have increasingly been investigated as
prognostic tools in oncology, and previous studies sug-
gest that combining laboratory and biological parameters
may improve prognostic stratification compared with sin-
gle biomarkers alone [14,15,16,17].

In the present study, the AFP-LDH Index yielded a high
AUC value for predicting recurrence (AUC = 0.960). How-
ever, this finding should be interpreted with caution given
the limited sample size and the absence of external valida-
tion. In the literature, most models developed to predict
early recurrence after curative resection demonstrate mod-
erate to high discriminative performance. In a systematic
review and meta-analysis evaluating MRI-based models for
preoperative prediction of early recurrence (<2 years) fol-
lowing curative surgery in HCC, Lu et al. [18] reported a
pooled summary ROC AUC of 0.89 (95% CI: 0.86-0.91)
for radiomics-based models and 0.83 (95% CI: 0.80-0.86)
for clinical and non-radiomics models. Notably, significant
heterogeneity and potential publication bias were also iden-
tified among radiomics studies in that analysis. However,
direct comparison with our findings should be interpreted
cautiously, as Lu et al. [18] evaluated preoperative MRI-
based prediction of early recurrence (<2 years), whereas the
present study assessed a postoperative blood-based index
for recurrence during the overall follow-up period; there-

fore, differences in predictor modality, timing, and outcome
definition limit direct comparability between the reported
AUC values.

In this context, the observed discriminative performance of
the AFP-LDH Index using simple, widely available, and
cost-effective laboratory parameters is noteworthy. Never-
theless, this finding should be interpreted cautiously, and
external validation in independent cohorts remains neces-
sary. Furthermore, the high AUC observed in our study
may partly reflect optimistic estimation due to the single-
center design and limited sample size. Therefore, the poten-
tial clinical utility of the AFP-LDH Index requires further
validation in larger multicenter prospective studies before
routine clinical application can be considered.

A substantial proportion of HCC recurrences occur within
the first years following surgery and are associated with
more aggressive tumor biology [19,20]. In a large series,
Du et al. [19] reported that a considerable proportion of re-
currences developed during the early postoperative period.
Similarly, Yao et al. [20] demonstrated that recurrence tim-
ing after surgery was closely associated with long-term out-
comes. These findings suggest that the AFP-LDH Index
may have potential utility for identifying patients at higher
risk of early recurrence, although further validation is re-
quired.
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This study has several limitations that should be acknowl-
edged. First, this was a retrospective single-center study
with a relatively limited sample size and number of recur-
rence events, which may have reduced the generalizability
of the findings and increased the risk of overfitting in the
multivariable model. Therefore, the high HR and AUC val-
ues observed in the present study should be interpreted cau-
tiously. Second, although internal validation using boot-
strap resampling was performed, external validation in an
independent cohort was not available. In addition, the opti-
mal cutoff value was derived from the same dataset used for
model development, which may have resulted in optimistic
estimation of predictive performance. Finally, LDH levels
may be influenced by hepatic function and inflammatory
processes, and therefore the extent to which the AFP-LDH
Index specifically reflects tumor biology requires further in-
vestigation in larger prospective studies.

Taken together, these findings suggest that the AFP-LDH
Index may represent a practical and readily available ap-
proach for postoperative recurrence risk stratification in
HCC. If externally validated in larger multicenter cohorts,
this index may contribute to individualized surveillance
strategies and postoperative patient monitoring following
curative resection.

Conclusions

In patients with HCC undergoing curative resection, the dy-
namic AFP-LDH Index emerged as an independent prog-
nostic marker associated with recurrence risk. Although the
index demonstrated favorable discriminative performance
in this exploratory single-center study, the findings should
be interpreted cautiously given the limited sample size and
potential risk of overfitting. Further multicenter prospec-
tive studies are required to validate its prognostic value
across different patient populations before routine clinical
application can be considered.
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