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Abstract: Primary liver cancer (PLC) is a highly malignant disease, with an increasing incidence among the elderly
population. However, there is a lack of systematic evaluation regarding its progression, recurrence, and prognostic
factors. This study aims to investigate the clinicopathologic characteristics of elderly patients with PLC and to estab-
lish predictive models for overall survival and recurrence risk in this population. A retrospective analysis was con-
ducted on 460 elderly PLC patients admitted to Longyou County People’s Hospital from January 2018 to December
2019. According to pathological types, patients were classified into hepatocellular carcinoma group (HCC, n=395),
intrahepatic cholangiocarcinoma group (ICC, n=49), and combined hepatocellular-cholangiocarcinoma group (CHC,
n=16). Based on clinical outcomes, patients were further grouped as survivors (n=228) and non-survivors (n=232),
or recurrence (n=223) and non-recurrence (n=237) groups. To validate the predictive models, 210 elderly patients
with PLC from the same hospital, admitted between January 2020 and December 2020, were included as a verifica-
tion cohort. Demographic and clinical data collected included age, sex, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alpha-fetoprotein (AFP), tumor number, and tumor size. Univariate analysis was performed
using the chi-square (x?) test. Then, multivariate logistic regression analysis was performed to identify independent
risk factors and establish predictive models for mortality and recurrence. A Random Forest model was also con-
structed for comparison. Model performance was assessed using the area under the receiver operating character-
istic (ROC) curve (AUC) for discrimination, and the Hosmer-Lemeshow test for calibration. HCC predominated among
male patients (P<0.05), with significantly higher AFP expression in males (P<0.05). Multivariate analysis identified
age >80 years, AFP>400 ng/ml, multifocal tumors, tumor size >2 cm as independent predictors of mortality (all
P<0.05). Additionally, hypertension, smoking, alcohol consumption, AFP>400 ng/ml, and tumor multiplicity were
identified as independent predictors of postoperative recurrence (P<0.05). The constructed predictive models dem-
onstrated good performance in both the training and validation cohorts. Comparative analysis showed similar pre-
dictive efficacy between logistic regression and Random Forest models (AUC for mortality prediction: 0.846/0.852
vs. 0.842/0.858, respectively; AUC for recurrence prediction: 0.756/0.762 vs. 0.761/0.764, respectively). The
Hosmer-Lemeshow test suggested adequate model calibration (P>0.05). HCC is the most common form of PLC
among elderly patients and is closely associated with metabolic and lifestyle factors. Advanced age, elevated AFP,
multilocality, and larger tumor size increase mortality risk, while smoking and alcohol consumption further elevate
recurrence risk. Early identification of high-risk patients, individualized intervention, and close postoperative follow-
up focusing on modifiable risk factors are recommended to improve patient outcomes.
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Introduction cases, followed by intrahepatic cholangiocarci-

noma (ICC) and combined hepatocellular-chol-

Primary liver cancer (PLC) is among the most
common malignancies worldwide and ranks
the 6th most prevalent cancer, accounting for
the highest number of cancer-related deaths
[1]. Most PLC cases are hepatocellular carcino-
ma (HCC), comprising approximately 75-85% of

angiocarcinoma (CHC) [2]. The 5-year survival
rate of HCC remains low, less than 25%, largely
due to delayed diagnosis [3]. HCC development
is multifactorial, commonly associated with
hepatic infections (hepatitis B and C), excessive
alcohol consumption, and obesity, which can
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lead to hepatic inflammation, fibrosis, cirrhosis,
and steatosis [4]. Other risks factors include
aflatoxin B1 exposure and viral oncogenesis
[B].

With population aging, the number of elderly
PLC patients is increasing. Elderly patients of-
ten present with multiple comorbidities, includ-
ing hypertension, diabetes, cardiovascular dis-
ease, and may have reduced hepatic reserve,
limiting their tolerance to surgical resection or
transplantation. Preoperative frailty has been
identified as an independent predictor of both
short- and long-term outcomes in elderly HCC
patients undergoing hepatectomy [6]. Individu-
als aged 65 years or older account for over 1/3
of all HCC cases [7]. Age-related declines in
physiological function and immune responsive-
ness may contribute to more aggressive tumor
behavior and a higher risk of recurrence [8].

Recurrence remains a major determinant of
poor 5-year survival in elderly HCC patients,
with reported intermediate- and late-phase
recurrence rate of 94.7% and 90.7%, respec-
tively [9, 10]. Recent advances in diagnostic
techniques and multidisciplinary management
have improved early detection and treatment
outcomes. Established prognostic indicators
encompass alpha-fetoprotein (AFP) levels [11],
tumor morphology [12], tumor number [13],
and tumor size [14]. However, the predictive
value of these factors has not been systemati-
cally compared across different PLC subtypes.

To address these gaps, we conducted a retro-
spective study of 460 elderly PLC patients.
Patients were stratified according to pathologi-
cal subtype (HCC, ICC, CHC), and further classi-
fied based on 5-year survival and recurrence
status. Demographic information, laboratory
data, and tumor characteristics were compre-
hensively analyzed. Multivariate logistic regres-
sion analysis was used to identify independent
predictors of survival and disease recurrence.
This study aims to provide evidence-based
guidance for risk stratification, clinical manage-
ment, and individualized care of elderly PLC
patients.

Materials and methods
Study subjects

This retrospective study included 460 elderly
PLC patients who were treated at Longyou
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County People’s Hospital between January
2018 and December 2019, as the training
cohort. Patients were classified according to
pathological types: HCC group (n=395), ICC
group (n=49), and CHC group (n=16). For sur-
vival analysis, patients were divided into a sur-
vival group (n=228) and a death group (n=
232) based on b5-year post-discharge out-
comes. For recurrence analysis, patients were
grouped into a recurrence group (n=223) and a
non-recurrence group (n=237). A separate
cohort of 210 elderly patients with PLC admit-
ted between January 2020 and December
2020 were selected as a validation cohort to
validate the performance of the mortality and
recurrence risk models. Baseline characteris-
tics of the training group and the validation
cohorts are summarized in Table 1, showing no
significant differences between the two groups
(all P>0.05). This study was approved by the
Ethics Committee of Longyou County People’s
Hospital.

Inclusion criteria: (1) age =60 years; (2) diagno-
sis of PLC based on pathological or clinical indi-
cation; (3) complete clinic data available; (4)
patients with Child-Pugh class A-C liver function
and all Barcelona Clinic Liver Cancer [BCLC]
stages (0-D).

Exclusion criteria: (1) concurrent diagnosis of
another primary malignant tumor; (2) metastat-
ic or secondary liver cancer; (3) severe heart,
lung, or kidney failure, or other end-stage dis-
ease, with an expected survival <3 months; (4)
participants in other interventional clinical
trials.

Diagnostic criteria

The diagnosis of PLC in patients with HBV or
HCV infection and cirrhosis follows three sce-
narios:

1. Nodule <2 cm: Regular surveillance with
ultrasound and AFP every six months is recom-
mended. A nodule is considered clinically sig-
nificant if at least two of the following four ima-
ging modalities - dynamic contrast-enhanced
MRI, dynamic contrast-enhanced CT, contrast-
enhanced ultrasound, or Gd-EOB-DTPA-enhan-
ced MRI - demonstrate the typical HCC “wash-
in/wash-out” pattern (arterial phase hyperen-
hancement with portal venous and delayed
phase washout). If only one modality shows
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Table 1. Comparison of baseline data between training group and validation group [n (%)]

Indicator Training set (n=460) Validation set (n=210) t/x? P
Age 0.123 0.729
<80 361 (78.48) 161 (76.67)
>80 99 (21.52) 49 (23.33)
Sex 0.074 0.791
Male 332 (72.17) 148 (70.48)
Female 128 (27.83) 62 (29.52)
Hypertension 71 (15.43) 28 (13.33) 0.341 0.558
Diabetes 72 (15.65) 36 (17.14) 0.226 0.637
Smoking 369 (80.22) 172 (81.90) 0.352 0.583
Alcohol consumption 169 (36.74) 82 (39.05) 0.288 0.598
ALT 1.753 0.186
<40 U/L 165 (35.87) 68 (32.38)
>40 U/L 295 (64.13) 142 (67.62)
AST 0.897 0.346
<40 U/L 148 (32.17) 62 (29.52)
>40 U/L 312 (67.83) 148 (70.48)
AFP 1.122 0.293
<400 ng/mL 336 (73.04) 161 (76.67)
>400 ng/mL 124 (26.96) 49 (23.33)
Tumor number 0.003 0.985
Single 337 (73.26) 154 (73.33)
Multiple 123 (26.74) 56 (26.67)
Tumor size 0.045 0.835
<2cm 129 (28.04) 59 (28.10)
>2.cm 331 (71.96) 151 (71.90)

Notes: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; AFP, Alpha-fetoprotein.

typical features, ultrasound-guided liver biopsy
or close imaging follow-up every 2-3 months is
advised.

2. Nodule >2 cm: A single imaging modality
demonstrating typical HCC features is suffi-
cient for clinical diagnosis. If the nodule lacks
typical imaging characteristics, histological
confirmation via ultrasound-guided liver biopsy
is required.

3. Elevated AFP without visible lesion: In pa-
tients with rising AFP levels, after excluding
other causes such as pregnancy, active liver
disease, germ cell tumor, or gastrointestinal
cancer, close monitoring with AFP trends and
repeated imaging every 2-3 months is recom-
mended for early detection of HCC.

This approach ensures early detection and
accurate diagnosis, particularly in high-risk el-
derly patients.

2012

Observation indicators

(1) Demographic and clinical information: age,
sex, history of hypotension, diabetes mellitus
(DM), smoking, and alcohol consumption.

(2) Laboratory parameters: alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST),
and alpha-fetoprotein (AFP).

(3) Tumor characteristics: numbers of tumors
and maximum tumor diameter.

Statistical analysis

All statistical analyses were performed using
SPSS 26.0 and R 4.3.0. Continuous variables
with a normal distribution were expressed as
mean * standard deviation (SD) and compa-
red using independent-sample t-test. Non nor-
mally distributed continuous variables were
expressed as median (IQR) [M (P25, P75)] and
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Figure 1. Comparison of demographic data between patients with different pathological subtypes. A: Sex; B: Age;
C: Hypertension; D: Diabetes mellitus; E: Smoking; F: Alcohol consumption. Notes: HCC, hepatocellular carcinoma
(n=395); ICC, intrahepatic cholangiocarcinoma (n=49); CHC, combined hepatocellular-cholangiocarcinoma (n=16).

*P<0.05 compared to HCC group.

compared using the Mann-Whitney U test.
Categorical variables were expressed as n (%)
and analyzed using the x? test.

Survival outcome was defined as death (yes/
no), and recurrence outcome was defined as
postoperative recurrence (yes/no). Variables
with P<0.05 in univariate analysis, together
with clinically relevant covariates, were includ-
ed in multivariate analysis. Binary logistic re-
gression and Random Forest algorithms were
used to identify independent risk factors.
Stepwise regression was applied, and odds
ratios (ORs) with 95% confidence intervals (Cls)
were calculated.

Based on the multivariate analysis, two pre-
dictive models were developed: one for mortal-
ity and one for recurrence in elderly PLC
patients. Model discrimination was assessed
using the area under the receiver operating
characteristic curve (AUC), and model cali-
bration was evaluated by the Hosmer-Le-
meshow goodness-of-fit test. All tests were
two-sided, with P<0.05 considered statistically
significant.

2013

Results

Demographic characteristics by histopathologi-
cal types

Baseline demographic and clinical characteris-
tics of the training cohort (n=460), including
395 HCC, 49 ICC, and 16 CHC patients, are
summarized in Figure 1. A male predominance
was observed in the HCC group (P=0.033). No
remarkable differences were observed among
groups regarding age, history of smoking or
alcohol consumption, or prevalence of hyper-
tension or diabetes (all P>0.05).

Laboratory indices by histopathological types

Laboratory markers (ALT, AST, and AFP) strati-
fied by PLC subtype are presented in Figure 2.
A higher proportion of HCC patients exhibited
ALT and AST levels >40 U/L compared with lev-
els <40 U/L. AFP<400 ng/mL were predomi-
nant in HCC patients, whereas the proportion of
patients with AFP>400 ng/mL was minimal in
the ICC and CHC groups (P=0.026), indicating
greater specificity of elevated AFP for HCC.

Am J Cancer Res 2026;16(5):2010-2024
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Figure 2. Comparison of laboratory indices among patients with different pathological subtypes. A: ALT; B: AST; C:
AFP. Note: HCC, hepatocellular carcinoma (n=395); ICC, intrahepatic cholangiocarcinoma (n=49); CHC, combined

hepatocellular-cholangiocarcinoma (n=16). *P<0.05 compared to HCC group.
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Figure 3. Comparison of tumor characteristics among patients with different
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0>2 distribution, however, differed
significantly (P=0.029): pati-
ents aged <80 years predo-
minated in the survival gro-
up, whereas those aged >80
years was more prevalent in
the deceased group. The pre-
valence of comorbidities, in-
cluding hypertension, diabe-
tes, smoking, and alcohol con-
sumption, was similarly dis-
tributed between survival and
death groups (P=0.068).

pathological subtypes. A: Tumor number; B: Tumor size. Note: HCC, hepato-

cellular carcinoma (n=395); ICC, intrahepatic cholangiocarcinoma (n=49);
CHC, combined hepatocellular-cholangiocarcinoma (n=16). *P<0.05 com-

pared to HCC group.

Tumor characteristics by histopathological
types

Tumor characteristics, including lesion number
and maximum tumor size, are summarized in
Figure 3. Tumor multiplicity differed significant-
ly among the pathological subtypes (P=0.011),
with HCC patients more frequently presenting
with a single lesion. Tumor size distribution did
not differ obviously across HCC, ICC, and CHC
groups (P=0.092).

Demographic characteristics by different sur-
vival and recurrence status

The general clinical characteristics of patients
stratified by survival and recurrence outco-
mes are presented in Figure 4. Male patients
constituted the majority in both the survival
and deceased groups, with no significant dif-
ference in gender distribution (P=0.082). Age

2014

In the recurrence analysis, no
remarkable differences were
noted in gender (P=0.073)
or age distribution (P=0.082)
between patients with and without tumor re-
currence. However, hypertension was more
prevalent in patients with recurrence compa-
red to those in the non-recurrence group
(P=0.037). Both smoking history and alco-
hol consumption were reported more frequ-
ently among patients with recurrence (P=
0.035), whereas the prevalence of DM was
balanced between the two subgroups (P=
0.058).

Laboratory indices by different survival and
recurrence status

Laboratory parameters (ALT, AST, AFP) strati-
fied by survival and recurrence outcomes are
shown in Figure 5. No significant differences
were observed in ALT or AST levels between
survival and death groups (P=0.062) or bet-
ween recurrence and non-recurrence groups
(P=0.082). In contrast, AFP levels differed sig-
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Figure 4. Comparison of demographic characteristics of patients stratified by survival status and recurrence status.
(A-F) Comparison of gender (A), age (B), hypertension (C), diabetes mellitus (D), smoking (E), and alcohol consump-
tion (F) for patients with different survival outcomes; (G-L) Comparison of gender (G), age (H), hypertension (l), dia-
betes mellitus (J), smoking (K), and alcohol consumption (L) for patients with different recurrence outcomes. Note:
*P<0.05, compared to the survival group; &P<0.05, compared to the recurrence group.

A E<40 [O>40 B H<40 0O >40 C E <400 0O >400
180
160 #
140
120
[/
o 100 "
8 80
60
40
20
J 0 J
«°°Q
C)
ol
&
Dogp - M<S40 DO>40 E 559 - M<40 DO >40 F 300 - <400 [ >400
250 |
150 150 | &
3 3 3 200 |
§100— §100— §150—
100 +
50 | 50 | &
50
0 1 J 0 J 0 1 J
«°°Q <°°Q «°°Q <°°Q «°°Q <°°Q
Qq Q:q QJQ Oq OQ Q:Q
2 ) ) ) 2 &
\’bQ \’2§2 \’Z§2 \’bQ \’bQ \’2§2
® & @ ® &
& & &

Figure 5. Comparison of laboratory indicators of patients stratified by survival and recurrence status. (A-C) Compari-
son of the levels of alanine aminotransferase (ALT) (A), aspartate aminotransferase (AST) (B), and alpha-fetoprotein
(AFP) (C) between patients with different survival outcomes. (D-F) Comparison of the levels of ALT (D), AST (E), and
AFP (F) between patients with different recurrence outcomes. Notes: *P<0.05, compared to the survival group;

&P<0.05, compared to the recurrence group.

nificantly: the majority of patients in the surviv-
al and non-recurrence groups had AFP<400
ng/mL, whereas patients in the death and
recurrence groups had a higher proportion with
AFP>400 ng/mL (survival vs. death: P=0.018;
recurrence vs. non-recurrence: P=0.015).

Tumor characteristics by different survival and
recurrence status

Figure 6 illustrates the distribution of tumor
characteristics, including tumor number and

2016

size, in patients with different survival and
recurrence outcomes. Patients with a solitary
lesion predominated in the survival group,
while multifocal lesions were more common
in the survival group (P=0.028). Tumors <2
cm predominated in the survival group, where-
as the death group had a considerably greater
proportion of patients with tumors >2 cm
(P=0.018).

Regarding recurrence, multifocal lesions were
more frequent in the recurrence group, while
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Figure 6. Comparison of tumor characteristics of patients stratified by surviv-
al and recurrence status. (A, B) Tumor number (A) and tumor size (B) of pa-
tients with different survival outcomes; (C, D) Tumor number (C) and tumor
size (D) of patients with different recurrence outcomes. Notes: *P<0.05,
compared to the survival group; &P<0.05, compared to the recurrence
group.

solitary tumors predominated in the non-recur-
rence group (P=0.023). Tumor size did not dif-
fer significantly between recurrence and non-
recurrence groups (P=0.082).

Multivariate logistic analysis of factors influ-
encing prognosis

Additionally, multivariate logis-
tic analysis identified hyper-
tension (OR=1.342; 95% CI:
0.925-1.947; P=0.038), smo-
king history (OR=1.823; 95%
Cl: 1.372-2.127; P=0.009),
AFP>400 ng/mL (OR=1.766;
95% Cl: 1.268-2.747; P=
0.012), alcohol consumption
(OR=1.328; 95% Cl: 0.985-
2.071; P=0.038), and the
presence of multiple tumors
(OR=1.538; 95% CI: 1.021-
3.142; P=0.023) as indepen-
dent predictors for recurrence
(Tables 4, 5).

Nomogram construction and
validation

Two nomogram models were
developed based on indepen-
dent risk factors for mortality
and recurrence. The mortality
model was: logit(P) =-3.215 +
2.541 x Age + 1.681 x AFP +
2.193 x TumorNum + 1.445 x
TumorSize (Figure 7A), and
the recurrence model was:
logit(P) = -2.874 + 1.194 x Hy-
pertension + 1.612 x Smoking
+ 1.176 x Alcohol consump-
tion + 1.424 x AFP + 1.212 x
TumorNum (Figure 7B). The
scoring system was estab-
lished based on regression
coefficients (B). A point-based
scoring system was derived
from the regression coeffi-

cients (B) by dividing each coefficient by a scal-
ing factor (approximately 1.27) and rounding
to the nearest integer, enabling practical clini-
cal application.

Calibration curves showed good agreement
between predicted and observed outcomes in

both training (mortality: x?>=3.892, P=0.369;

Multivariate logistic regression analysis identi-
fied age (OR=1.918; 95% Cl: 1.582-2.501;
P=0.001), AFP level >400 ng/mL (OR=1.776;
95% CI: 1.132-2.558; P=0.003), multiple tu-
mors (OR=1.812; 95% CI: 1.338-2.456; P=
0.002), and tumor size (OR=1.559; 95% ClI:
1.201-2.028; P=0.003) as independent predic-
tors of mortality (Tables 2, 3).

2017

recurrence: x?=3.589, P=0.386; Figure 8A,
8B) and validation cohorts (mortality: x°=
5.124, P=0.447; recurrence: X?=4.231, P=
0.417; Figure 8C, 8D), closely following the
ideal 45° line.

As shown in Figure 9, the ROC analysis demon-
strated satisfactory discriminative ability. For

Am J Cancer Res 2026;16(5):2010-2024



Clinical-pathological characteristics and prognosis of elderly PLC

Table 2. Multivariate logistic analysis on factors influencing the prognosis of elderly PLC patients

Indicator B SE OR Wald x? P 95% ClI

Age 2.541 0.203 1.918 17.216 0.001 1.582-2.501
AFP 1.681 0.165 1.776 9.156 0.003 1.132-2.558
Number of tumors 2.193 0.182 1.812 10.123 0.002 1.338-2.456
Tumor size 1.445 0.151 1.559 8.654 0.003 1.201-2.028

Notes: PLC, Primary Liver Cancer; AFP, Alpha-fetoprotein; B, Regression Coefficient; SE, Standard Error; OR, Odds Ratio.

Table 3. Assignment of prognosis model for elderly patients with primary liver cancer

Risk factor Category definition Assigned score  Rationale

Age>80 years Yes/No 2 Strong independent predictors of mortality
AFP>400 ng/mL Yes/No 1 High tumor burden marker

Number of tumors (>2) Yes/No 2 Significantly associated with poor survival
Tumor size >2 cm Yes/No 1 A larger size indicates aggressive disease

Notes: PLC, Primary Liver Cancer; AFP, Alpha-fetoprotein.

Table 4. Multivariate logistic analysis on factors influencing recurrence in elderly PLC patients

Indicator B SE OR Wald x? P 95% ClI

Hypertension 1.194 0.198 1.342 2.203 0.038 0.925-1.947
Smoking 1.612 0.176 1.823 9.467 0.009 1.372-2.127
Alcohol consumption 1.176 0.189 1.328 3.542 0.038 0.985-2.071
AFP 1.424 0.201 1.766 5.635 0.012 1.268-2.747
Number of tumors 1.212 0.228 1.538 2.764 0.023 1.021-3.142

Notes: PLC, Primary Liver Cancer; AFP, Alpha-fetoprotein; B, Regression Coefficient; SE, Standard Error; OR, Odds Ratio.

Table 5. Assignment of recurrence model for elderly patients with primary liver cancer

Risk factor Cat.egc_er Assigned Rationale

definition Score
Hypertension Yes/No 1 Modest but statistically significant (P=0.038); modifiable
Smoking history Yes/No 2 Strong lifestyle-related risk factor
Alcohol consumption Yes/No 1 Clinically relevant despite borderline significance
AFP>400 ng/mL Yes/No 2 Robust predictor of early recurrence
Number of tumors (>2) Yes/No 1 Reflects multifocal disease and residual risk

mortality, the AUCs of the logistic regression
model were 0.846 (95% Cl: 0.748-0.963) in the
training set and 0.852 (95% CI: 0.753-0.972) in
the validation set; while the Random Forest
model showed similar performance (0.842 and
0.858, respectively) (Figure 9A, 9B). For recur-
rence, the logistic regression model AUCs were
0.756 (95% Cl: 0.673-0.847) and 0.762 (95%
Cl: 0.681-0.858), with the Random Forest
model performing comparably (0.761 and
0.764) (Figure 9C, 9D).

DCA indicated that the nomogram provided a
higher net benefit than treating all or none

2018

across a wide range of threshold probabilities
(mortality: 0.03-0.85; recurrence: 0.04-0.78) in
both training and validation cohorts (Figure
10A-D), supporting the potential clinical utility
of the models.

Discussion

In this study, we comprehensively analyzed the
clinical data of 460 elderly PLC patients, com-
paring demographic data, laboratory indices,
tumor biological behavior of different pathologi-
cal types (HCC, ICC, CHC), survival status, and
recurrence status. Multivariate Logistic regres-
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sion analyses identified inde-
pendent risk factors of over-
all survival (advanced age,
AFP>400 ng/mL, multiple le-
sions, and larger tumor si-
ze) and recurrence (hyperten-
sion, smoking history, alcohol
consumption, AFP>400 ng/
ml, and multifocality). Based
on these findings, two nomo-
gram models for mortality and
recurrence risk were con-
structed and validated, dem-
onstrating good discrimina-
tion (AUC>0.75) and calibra-
tion (Hosmer-Lemeshow P>
0.05) in the training and vali-
dation cohorts.

HCC was the predominant
subtype, accounting for 85.9%
of the cohort, with a higher
prevalence in males, consis-
tent with the epidemiological
pattern of HBV-related HCC in
China. For instance, Guo et al.
[15] a male-to-female ratio of
1.67:1 among 497 PLC pa-
tients, with 64.39% HBV posi-
tivity. AFP expression was sig-
nificantly higher in HCC com-
pared to ICC and CHC, re-
affirming its clinical utility as a
biomarker for HCC. Notably,
genetic studies suggest dis-
tinct molecular profiles bet-
ween AFP-positive and AFP-
negative HCC, with AFP-ne-
gative HCC exhibiting enhan-
ced amino acid metabolism
[16]. Histological and immu-
no-histological analyses also
indicate that AFP-producing
neuroendocrine tumors har-
bor FGFR2 and TP53 gene
mutation [17], highlighting
molecular heterogeneity. HCC
lesions were predominantly
large and solitary, whereas
ICC/CHC were more frequently
multifocal. CHC tumors dis-
play biphenotypic characteris-
tics, while ICC and HCC main-
tain subtype-specific pheno-
types [18, 19], which may
influence treatment strategies
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and impact patient quality of life. Beaufrére
[20] used a weakly supervised learning method
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for automated classification of
PLC on routine biopsy speci-
mens, showing promise in dif-
ferentiating HCC and ICC ba-
sed on histological features,
potentially aiding in precision
diagnosis and management.

In the survival analysis, ad-
vanced age (=80 years), AFP
>400 ng/ml, multifocal le-
sions, and tumor diameter >2
cm were identified as indepen-
dent predictors of mortality in
elderly PLC patients. Advanced
age not only reflects dimin-
ished physiological reserves
but is also associated with
multiple comorbidities and
reduced treatment tolerance,
negatively influencing both
treatment selection and out-
comes. AFP serves as both a
diagnostic marker and an indi-
cator of tumor burden. High
AFP levels have been linked
to microvasculature invasion,
satellite nodules, and early
tumor spread [21-24]. Notably,
AFP>400 ng/mL has been
reported as an independent
predictor of recurrence (HR
4.0, 95% CI 1.8-9.0) and poor
overall prognosis [25]. For
small tumors (2-3 cm), pa-
tients with elevated postoper-
ative AFP may have better
outcomes after hepatic resec-
tion compared to radiofre-
quency ablation (RFA), sug-
gesting that AFP levels could
inform treatment selection
[26]. Additionally, Takaura et
al. [27] reported that RFA may
be a viable option for patients
>80 years with tumors <3 cm.
Ndow et al. [28] observed a
median survival of 1.5 months
among patients with multifo-
cal disease (64% of cases,
median size 7.5 cm). The mor-
tality risk prediction model
developed in this study dem-

onstrated strong discriminative ability in both
the training and validation cohorts, indicating
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robust generalizability and minimal sensitivity
to temporal or sample variations. The tradition-
al logistic regression model performed compa-
rably to the Random Forest algorithm, with
minimal differences in AUC (<0.01) and exten-
sive overlap of 95% Cls, indicating that the
inclusion of complex machine learning meth-
ods did not yield significant improvements. This
suggests that the logistic regression model
constructed in this study adequately captured
both linear and interactive relationships among
key clinical variables. The advantages of the
logistic regression model include its simplicity,
transparency, and clinical interpretability. It pro-
vides clear OR and can be translated into a
nomogram for intuitive risk assessment, facili-
tating individualized prognosis estimation and
clinical decision-making. Calibration test dem-
onstrated good agreement between predicted
and observed outcomes, confirming the mod-
el’s reliability and low risk of overfitting. In sum-
mary, age >80 years, AFP>400 ng/ml, multiple
lesions, and tumor diameter >2 cm validated as
core predictors of mortality with robust predict-
ability. The model offers a practical tool for indi-
vidualized treatment planning, adjustment of
follow-up frequency, and early treatment.

In the analysis of recurrence risk, smoking was
recognized as the most prominent independent
predictor in the elderly PLC patients. Tobacco
exposure introduces carcinogenic compounds
that can induce DNA damage, impair immune
surveillance, and contribute to microenviron-
ments conducive to tumor recurrence. This
highlights the importance of smoking cessation
in post-operative management to reduce recur-
rence risk. Additionally, elevated AFP over 400/
ng/ml and multifocal tumors were also con-
firmed as predictors of recurrence, consistent
with the survival analysis. These factors are
strongly associated with both biological aggres-
siveness and the potential for early recurrence.
Yang et al. have demonstrated that AFP trajec-
tories, rather than single baseline factor, pro-
vide valuable prognostic information for HCC
recurrence, including in AFP-negative patients
[29, 30]. Tumor size and multifocality are fur-
ther associated with portal vein invasion and
more aggressive tumor growth patterns [31].
Notably, age alone does not notably influence
recurrence risk in elderly patients when ade-
quate perioperative management is imple-
mented [32]. Other reported factors, including
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COPD, poor prognostic nutritional index, satel-
lite nodules, tumor encapsulation, and micro-
vascular invasion [33, 34], also contribute to
recurrence risk in this population. Beyond AFP,
circulating tumor cells (CTCs) and composite
biochemical indices (e.g., alkaline phosphatase
+ y-glutamyl transferase/leukocyte ratio) have
also been associated with tumor progression
[35]. Although hypertension was identified as a
weak independent risk factor in the model
(OR=1.342), its high prevalence and modifiabil-
ity confer public health significance. From a
pathophysiological perspective, chronic hyper-
tension may promote tumor recurrence by
inducing vascular endothelial damage, enhanc-
ing angiogenesis via vascular endothelial
growth factor (VEGF), creating a pro-inflamma-
tory microenvironment, and altering hemody-
namics to facilitate tumor cell extravasation
and colonization. Therefore, for high-risk pa-
tients, strict systolic blood pressure control
(below 130 mmHg) is recommended to miti-
gate these pro-recurrence mechanisms while
reducing cardiovascular complications.

The recurrence risk prediction model devel-
oped in this study demonstrated stable and
strong predictive performance in both the train-
ing and validation cohorts (AUCs>0.75). Though
the discriminative ability was slightly lower than
the mortality model, the model reliably identi-
fied elderly patients at high risk for postopera-
tive recurrence. Calibration assessed by the
Hosmer-Lemeshow test confirmed good agree-
ment between predicted and observed recur-
rence events. Importantly, the model incorpo-
rated modifiable lifestyle and metabolic factors
such as hypertension and smoking, which
enhance its clinical utility. It facilitates individu-
alized recurrence risk stratification and guides
follow-up strategies. For high-risk patients, the
model supports targeted interventions, such as
smoking cessation with professional counsel-
ing and pharmacologic support (e.g., vareni-
cline) and alcohol restriction (e.g., naltrexone),
as well as intensified monitoring, including
imaging every three months and monthly liver
function tests.

Several limitations should be acknowledged in
this study. First, it was a single-center retro-
spective study, with all subjects recruited from
a single institution. This design inevitably intro-
duces potential geographic bias and limits the
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external generalizability of the predictive mo-
del, as patient demographics, surgical tech-
niques, and perioperative management proto-
cols may vary across regions and institutions.
The absence of an independent external multi-
center cohort for validation further constrains
the robustness of the findings. Second, alth-
ough the multivariate models were adjusted for
clinically meaningful covariates, residual con-
founding cannot be fully excluded. Important
factors such as Child-Pugh grade, BCLC stage,
and treatment modality were not fully incorpo-
rated. The retrospective real-world cohort
design inherently introduces indication bias, as
treatment allocation was driven by disease
severity and liver function. Stratified analyses
based on specific treatment modalities or
detailed Child-Pugh subclasses were not con-
ducted to avoid sample fragmentation and
selection bias. Third, the follow-up duration was
relatively short, potentially leading to an under-
estimation of recurrence events. Long-term
outcomes and late recurrences may therefore
not have been fully captured. Future research
should focus on large, multicenter prospec-
tive cohorts that integrate multidimensional
data, including radiomics, genomics, and other
molecular markers, to improve predictive accu-
racy and facilitate individualized risk stratifica-
tion. Additionally, exploring molecular and me-
chanistic heterogeneity among disease sub-
types could provide insights into tailored thera-
peutic strategies for elderly PLC patients.

Conclusion

This study comprehensively analyzed the clini-
copathological data from elderly PLC patients
and identified key differences in several char-
acteristics among HCC, ICC, and CHC. Mul-
tivariate analysis showed that advanced older
(=80 years), AFP>400 ng/ml, multiple lesions,
and tumor diameter >2 cm were independent
predictors of patients survival. Additionally,
hypertension, smoking, alcohol use, AFP>400
ng/mL, and multifocality were identified as
independent risk factor for recurrence.

These findings underscore the need for early
detection, accurate tumor staging, and rigorous
postoperative follow-up in elderly PLC patients.
More importantly, lifestyle modification, partic-
ularly smoking cession, are important to reduce
the risk of recurrence. Moreover, routine evalu-
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ation of AFP levels, tumor number, and tumor
size can help identify high-risk patients, guide
individualized treatment strategies, and ulti-
mately improve long-term survival and quality
of life in this vulnerable population.
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