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Abstract: Objective: To develop a nomogram to predict the risk of portal vein tumor thrombosis (PVTT) in hepato-
cellular carcinoma (HCC) patients. Methods: Patients diagnosed with HCC at Hunan Provincial People’s Hospital 
between January 2010 and January 2022 were enrolled. Data on demographic characteristics, comorbidities, and 
laboratory tests were collected. Multivariate logistic regression was used to identify independent risk factors for 
PVTT, which were then incorporated into a predictive nomogram. The nomogram’s discriminative ability was evalu-
ated using the area under the receiver operating characteristic (AUC) curve. Clinical utility was assessed through 
decision curve analysis (DCA). Results: Being male (OR 1.991, 95% CI 1.314-3.017, P = 0.001), Barcelona Clinic 
Liver Cancer (BCLC) staging (stage C: OR 8.043, 95% CI 4.334-14.926, P<0.001; stage D: OR 7.977, 95% CI 3.532-
18.017, P<0.001), tumor size >5 cm (OR 1.792, 95% CI 1.116-2.876, P = 0.016), and D-dimer (OR 1.126, 95% 
CI 1.083-1.171, P<0.001) were identified as independent risk factors for PVTT. The nomogram formula is: Logit = 
-2.8961 + 0.6586 (male) + BCLC staging (-0.1922 for B, 1.9251 for C, or 1.7938 for D) + 0.5418 (tumor size >5 
cm) + 0.1051 DDi. The nomogram achieved an AUC of 0.798 (95% CI 0.774-0.822) in the training set and 0.822 
(95% CI 0.782-0.862) in the validation set. Sensitivities were 86.6% and 90.7%, while specificies were 68.2% and 
71.8% in the training and validation sets, respectively, demonstrating strong discrimination and predictive accuracy. 
DCA indicated a favorable risk threshold probability. Conclusion: A nomogram incorporating male sex, BCLC staging, 
tumor size, and D-dimer demonstrated good predictive performance for PVTT. This tool may aid in the early compre-
hensive assessment of PVTT risk in HCC patients.
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Introduction 

Hepatocellular carcinoma (HCC) is a common 
malignant solid tumor [1] with a 5-year relative 
survival rate of 18% [2], resulting in more than 
600,000 deaths annually [3]. Due to the ab- 
sence of typical symptoms or signs at early 
stages, most cases are diagnosed at intermedi-
ate or advanced stages. Portal vein tumor 
thrombosis (PVTT) is one of the most frequent 
complications of HCC, occurring in 10%-60%  
of cases [4], and is a hallmark of advanced 
HCC. HCC with PVTT is characterized by limited 

hepatic reserve function, high susceptibility to 
blood metastasis, complications related to por-
tal hypertension, and poor tolerance to treat-
ment. When tumor thrombi extend to the first 
branch or main trunk of the portal vein, the dis-
ease is typically considered terminal. Long-term 
survival for HCC patients with PVTT remains 
poor, despite advancements in systemic thera-
py, hepatic artery infusion chemotherapy, and 
transcatheter arterial chemoembolization [5].

Given the poor prognosis of HCC with PVTT, 
identifying biomarkers for PVTT is crucial for 
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early diagnosis and treatment. Non-invasive 
biomarkers such as albumin-to-alkaline phos-
phatase ratio ≤0.49, glutamic oxalacetic trans-
aminase-to-platelet ratio index >0.48, male 
sex, extrahepatic metastasis, and multiple tu- 
mors have been identified as independent risk 
factors for PVTT [6]. Immune-related genes 
may regulate extracellular matrix components, 
facilitating PVTT formation [7]. Erythroid-tran- 
sdifferentiated myeloid cells can promote PVTT 
by damaging vascular endothelium and enhanc-
ing coagulation [8]. S100P has been proposed 
as a novel biomarker for PVTT [9], while elevat-
ed protein induced by vitamin K absence II 
(PIVKA-II) levels is also a significant indepen-
dent risk factor [10]. Moreover, alterations in 
ascitic microbiota have been associated with 
PVTT development in HCC [11].

Despite these findings, studies on PVTT forma-
tion and risk biomarkers remain limited, often 
focusing on genetic or laboratory indices. How- 
ever, genetic testing has limitations in clinical 
applications due to high cost. Therefore, early 
and comprehensive assessment of PVTT risk is 
vital for timely treatment and improving progno-
sis in HCC patients.

This study collected demographic, clinical, lab-
oratory, and imaging data from HCC patients  
to identify independent risk factors for PVTT. 
Based on these factors, we aimed to develop a 
predictive nomogram for assessing PVTT risk in 
HCC patients and validate its predictive perfor-
mance through internal validation.

Materials and methods

Study population

Patients with HCC diagnosed at Hunan Pro- 
vincial People’s Hospital between January 
2010 and January 2022 were retrospectively 
reviewed. The diagnosis of HCC was based on 
the Standardization for Diagnosis of HCC (2022 
edition) [12], confirmed through histologic and 
radiologic examinations. Radiological diagnos-
tic criteria included liver lesions with typical 
features of liver cancer and nodule diameters 
>2 cm on imaging. HCC was classified accord-
ing to the Barcelona Clinic Liver Cancer (BCLC) 
classification [13].

Portal vein tumor thrombosis (PVTT) was diag-
nosed based on the Consensus of Chinese 

Experts on Multidisciplinary Diagnosis and 
Treatment of HCC with PVTT (2021 edition) 
[14], with at least one of the following imaging 
features: 1) Hypoechoic intravascular embolus 
echoes similar to the primary tumor on ultra-
sound. 2) Low-density filling defects in vessels 
on contrast-enhanced computed tomography 
(CT). 3) Intravascular filling defects observed  
on magnetic resonance imaging (MRI) en- 
hancement.

Exclusion criteria: 1) Age <18 years. 2) Presence 
of malignancy other than HCC. 3) PVTT con-
firmed by color Doppler ultrasound or multislice 
spiral CT. 4) Incomplete clinical data.

Patients with HCC were randomly assigned to 
the training or validation sets in a 3:1 ratio to 
develop and validate the nomogram. Clinical 
features of both sets were comared to enhance 
model prediction. HCC patients with PVTT dur-
ing hospitalization were categorized into the 
PVTT group, while those without were included 
in the non-PVTT group. This study was approv- 
ed by the Medical Ethics Committee of Hunan 
Provincial People’s Hospital. All procedures 
adhered to institutional ethical standards.

Data collection

Demographic data, including sex, age, drinking 
history, smoking history, comorbidities (hyper-
tension, diabetes, heart disease), and compli-
cations (portal hypertension, splenomegaly, 
ascites, esophagogastric varices, encephalop-
athy), were recorded. Laboratory data includ- 
ed white blood cell count (WBC), lymphocyte 
count (L), neutrophil count (N), monocyte count 
(M), platelet count (PLT), mean platelet volume 
(MPV), hemoglobin (Hb), mean corpuscular vol-
ume (MCV), hematocrit (HCT), total bile acid 
(TBA), total bilirubin (TB), alanine transaminase 
(ALT), albumin (ALB), aspartate aminotransfer-
ase (AST), alkaline phosphatase (ALP), gam- 
ma-glutamyl transpeptidase (GGT), activated 
partial thromboplastin time (APTT), prothrom-
bin time (PT), international normalized ratio 
(INR), D-dimer (DDi), platelet-to-lymphocyte 
ratio (PLR), and neutrophil-to-lymphocyte ratio 
(NLR).

Statistical analysis

Categorical variables were expressed as num-
bers (percentages) and compared using Chi-
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Table 1. Demographics, clinical and laboratory data of patients with HCC

Variable
All patients Training set Validation set
n = 1752 n = 1314 n = 438

Age (year) 57 (50-65) 57 (50-65) 57 (49-66)
Sex (male/female) 1466/286 1100/214 366/72
Smoking history 211 (12.0%) 163 (12.4%) 48 (11.0%)
Drinking history 244 (13.9%) 188 (14.3%) 56 (12.8%)
Comorbidities
    Hypertension 302 (17.2%) 216 (16.4%) 86 (19.6%)
    Diabetes 233 (13.3%) 165 (12.6%) 68 (15.5%)
    Heart disease 70 (4.0%) 52 (4.0%) 18 (4.1%)
Complications
    Splenomegaly 1139 (65.0%) 855 (65.1%) 284 (64.8%)
    Portal hypertension 1295 (73.9%) 978 (74.4%) 317 (72.4%)
    Esophagogastric varices 581 (33.2%) 445 (33.9%) 136 (31.1%)
    Ascites 896 (51.1%) 678 (51.6%) 218 (49.8%)
    Encephalopathy 32 (1.8%) 28 (2.1%) 4 (0.9%)
BCLC stage
    A 421 (24.0%) 308 (23.4%) 113 (25.8%)
    B 569 (32.5%) 426 (32.4%) 143 (32.6%)
    C 667 (38.1%) 513 (39.0%) 154 (35.2%)
    D 95 (5.4%) 67 (5.1%) 28 (6.4%)
Tumor size
    ≤5 cm 778 (44.4%) 587 (44.7%) 191 (43.6%)
    >5 cm 974 (55.6%) 727 (55.3%) 247 (56.4%)
Satellite opacities 412 (23.5%) 316 (24.0%) 96 (21.9%)
WBC (×109/L) 5.19 (3.70-7.17) 5.19 (3.68-7.15) 5.22 (3.74-7.21)
N (×109/L) 3.33 (2.16-5.13) 3.33 (2.15-5.13) 3.33 (2.17-5.10)
L (×109/L) 1.01 (0.71-1.41) 1.01 (0.71-1.41) 1.05 (0.72-1.41)
M (×109/L) 0.45 (0.30-0.65) 0.45 (0.30-0.65) 0.47 (0.31-0.65)
HB (g/L) 120 (101-134) 119 (100-135) 120 (102-133)
HCT 36.1 (30.8-40.8) 36.0 (30.5-40.9) 36.1 (31.3-40.2)
MCV (fL) 94.7 (90.1-99.6) 94.5 (90.0-99.3) 95.0 (90.4-100.0)
PLT (×109/L) 116 (72-179) 114 (71-178) 120 (73-182)
MPV (fL) 11.0 (9.9-11.9) 11.0 (9.9-11.9) 11.0 (9.9-11.9)
TB (μmol/L) 24.1 (15.4-43.4) 24.0 (15.6-43.6) 24.1 (15.0-42.9)
TBA (μmol/L) 21.0 (7.7-48.1) 20.6 (7.7-48.0) 21.7 (7.6-48.6)
ALB (g/L) 33.2 (28.8-37.7) 33.0 (28.9-37.7) 33.5 (28.5-38.0)
ALT (U/L) 44.2 (27.8-70.1) 44.0 (27.5-71.6) 45.6 (28.1-74.7)
AST (U/L) 65.9 (40.8-118.4) 65.8 (40.1-118.3) 66.7 (41.9-119.4)
ALP (U/L) 142.2 (98.0-217.9) 141.6 (97.0-219.5) 145.0 (101.9-213.0)
GGT (U/L) 131.4 (61.8-274.1) 130.5 (62.6-270.1) 134.0 (60.4-283.2)
BUN (mmol/L) 5.16 (4.03-6.65) 5.19 (4.06-6.67) 5.08 (3.98-6.61)
CR (μmol/L) 67.1 (56.5-80.2) 67.2 (57.0-80.4) 66.69 (54.99-79.90)
PT (s) 13.1 (11.8-14.8) 13.0 (11.8-14.8) 13.2 (11.8-14.6)
INR 1.14 (1.03-1.30) 1.14 (1.03-1.30) 1.15 (1.03-1.28)
FIB (g/L) 2.35 (1.69-3.26) 2.35 (1.69-3.25) 2.35 (1.68-3.29)
DDi (mg/L) 1.50 (0.56-3.81) 1.49 (0.57-3.78) 1.54 (0.56-3.86)
NLR 3.25 (2.08-5.39) 3.29 (2.08-5.37) 3.14 (2.08-5.48)
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PLR 111.22 (75.00-173.15) 110.80 (75.00-172.64) 112.10 (75.14-177.31)
PVTT 580 (33.1%) 440 (33.5%) 140 (32.0%)
WBC, white blood cell count; N, neutrophil count; L, lymphocyte count; M, monocyte; HB, hemoglobin; HCT, hematocrit; MCV, 
mean corpuscular volume; PLT, platelet count; MPV, mean platelet volume; TB, total bilirubin; TBA, total bile acid; ALB, albumin; 
ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; 
PT, prothrombin time; INR, international normalized ratio; DDi, D-dimer; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; PVTT, portal vein tumor thrombus; HCC, hepatocellular carcinoma.

square tests. Continuous variables were pre-
sented as medians (interquartile ranges [IQR]) 
and analyzed using the Mann-Whitney U test. 
Variables with P-values <0.05 were considered 
significant. Multivariate logistic regression was 
performed to identify independent risk factors 
for PVTT and construct a predictive nomo- 
gram.

The calibration performance of the nomogram 
was assessed using calibration curves compar-
ing observed outcomes and predicted proba- 
bilities. The discriminative ability of the nomo-
gram was evaluated using the area under the 
receiver operating characteristic curve (AUC). 
Decision curve analysis (DCA) was performed 
to assess the clinical utility of the nomogram.

All analyses were conducted using SPSS soft-
ware (IBM, Chicago, IL, USA, version 23.0) and 
R software (version 4.2.1).

Results

Comparison of baseline characteristics

A total of 1,752 patients with HCC were includ-
ed in this retrospective study, and their base-
line characteristics are summarized in Table 1. 
The median age was 57 years (range: 50-65 
years), and most patients were male. PVTT was 
identified in 580 patients (33.1%). Of the total 
cohort, 1,314 patients were assigned to the 
training set, and 438 were assigned to the vali-
dation set. PVTT was observed in 440 patients 
(33.5%) in the training set and 140 patients 
(32.0%) in the validation set.

In the training set, 874 patients were catego-
rized as non-PVTT and 440 as PVTT. The medi-
an age of the PVTT group was significantly lower 
than that of the non-PVTT group (55 vs. 59, 
P<0.05). Male patients were more likely to 
develop PVTT. Compared to the non-PVTT 
group, the PVTT group showed higher rates  
of diabetes, splenomegaly, portal hyperten-
sion, esophagogastric varices, and ascites (all 

P<0.05). Patients in the PVTT group also had 
more advanced BCLC stages and larger tumor 
sizes (all P<0.05). Satellite opacities were more 
frequently observed in the PVTT group (P<0.05).

Laboratory findings revealed higher levels of 
WBC, N, PLT, TB, ALT, AST, ALP, GGT, PT, INR, 
FIB, DDi, PLR, and NLR in the PVTT group, while 
lymphocyte count and MCV levels were lower 
compared to the non-PVTT group (Table 2).

Construction of the nomogram

Multivariate logistic regression analysis identi-
fied four independent risk factors for PVTT: 
male sex (OR 1.991, 95% CI 1.314-3.017, P = 
0.001), BCLC staging (stage C: OR 8.043, 95% 
CI 4.334-14.926, P<0.001; stage D: OR 7.977, 
95% CI 3.532-18.017, P<0.001), tumor size >5 
cm (OR 1.792, 95% CI 1.116-2.876, P = 0.016), 
and DDi (OR 1.126, 95% CI 1.083-1.171, 
P<0.001) (Table 3).

A nomogram model was developed based on 
these factors to predict PVTT risk (Figure 1). 
The model formula is as follows: Logit = -2.8961 
+ 0.6586 (sex: male) + BCLC staging (-0.1922 
for stage B, 1.9251 for stage C, 1.7938 for 
stage D) + 0.5418 (tumor size >5 cm) + 0.1051 
(DDi).

The probability of PVTT can be calculated by 
summing the scores of each predictor on the 
point scale and mapping the total score to the 
probability axis.

Validation of the nomogram

The calibration curve demonstrated good 
agreement between the predicted and actual 
probabilities of PVTT in the training set using 
the bootstrap resampling method with 1,000 
repetitions (Figure 2).

ROC curves indicated satisfactory predictive 
performance of the nomogram, with AUC val-
ues of 0.798 (95% CI 0.774-0.822) in the train-
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Table 2. Comparison of demographics, clinical and laboratory data between the PVTT group and non-
PVTT group in the training set

Variable
PVTT group Non-PVTT group

P
n = 440 n = 874

Age (year) 55 (50-63) 59 (50-66) 0.009
Sex (male/female) 394/46 706/168 <0.001
Smoking history 55 (12.5%) 108 (12.4%) 0.930
Drinking history 68 (15.5%) 120 (13.7%) 0.405
Comorbidities
    Hypertension 60 (13.6%) 156 (17.8%) 0.058
    Diabetes 39 (8.9%) 126 (14.4%) 0.005
    Heart disease 12 (2.7%) 40 (4.6%) 0.133
Complications
    Splenomegaly 310 (70.5%) 545 (62.4%) 0.004
    Portal hypertension 353 (80.2%) 625 (71.5%) 0.001
    Esophagogastric varices 166 (37.7%) 279 (31.9%) 0.041
    Ascites 271 (61.6%) 407 (46.6%) <0.001
    Encephalopathy 9 (2.0%) 19 (2.2%) 1.000
BCLC stage <0.001
    A 39 (8.9%) 269 (30.8%)
    B 54 (12.3%) 372 (42.6%)
    C 307 (69.8%) 206 (23.6%)
    D 40 (9.1%) 27 (3.1%)
Tumor size <0.001
    ≤5 cm 79 (18.0%) 508 (58.1%)
    >5 cm 361 (82.0%) 366 (41.9%)
Satellite opacities 135 (30.7%) 181 (20.7%) <0.001
WBC (×109/L) 5.35 (3.92-7.15) 5.16 (3.52-7.15) 0.101
N (×109/L) 3.67 (2.52-5.29) 3.19 (1.95-4.97) <0.001
L (×109/L) 0.90 (0.66-1.30) 1.05 (0.73-1.47) <0.001
M (×109/L) 0.46 (0.31-0.67) 0.45 (0.30-0.63) 0.228
HB (g/L) 122 (104-135) 119 (99-135) 0.184
HCT 36.7 (31.6-40.8) 35.7 (30.3-40.9) 0.143
MCV (fL) 93.9 (89.4-98.3) 95.0 (90.3-100.0) 0.019
PLT (×109/L) 120 (81-179) 111 (67-178) 0.041
MPV (fL) 11.0 (9.7-11.9) 11.0 (9.9-11.9) 0.634
TB (μmol/L) 28.0 (18.6-50.2) 21.9 (14.5-39.7) <0.001
TBA (μmol/L) 21.9 (9.3-47.7) 19.5 (7.0-48.0) 0.087
ALB (g/L) 32.8 (28.9-37.1) 33.2 (28.8-38.3) 0.245
ALT (U/L) 50.3 (32.2-78.0) 39.6 (25.8-65.7) <0.001
AST (U/L) 92.1 (57.0-150.9) 55.4 (36.2-97.5) <0.001
ALP (U/L) 167.8 (119.0-264.2) 126.7 (90.0-192.3) <0.001
GGT (U/L) 203.1 (107.5-341.1) 102.1 (52.7-224.5) <0.001
BUN (mmol/L) 5.24 (4.03-6.96) 5.17 (4.06-6.55) 0.255
CR (μmol/L) 66.0 (56.0-78.6) 68.0 (57.7-81.6) 0.081
PT (s) 13.3 (12.1-14.7) 12.9 (11.7-14.9) 0.048
INR 1.16 (1.05-1.28) 1.13 (1.02-1.31) 0.040
FIB (g/L) 2.61 (1.88-3.34) 2.22 (1.58-3.19) <0.001
DDi (mg/L) 2.35 (1.16-4.75) 1.11 (0.43-2.92) <0.001
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NLR 4.03 (2.61-6.07) 2.92 (1.90-4.93) <0.001
PLR 131.67 (92.42-182.80) 102.33 (67.04-165.77) <0.001
WBC, white blood cell count; N, neutrophil count; L, lymphocyte count; M, monocyte; HB, hemoglobin; HCT, hematocrit; MCV, 
mean corpuscular volume; PLT, platelet count; MPV, mean platelet volume; TB, total bilirubin; TBA, total bile acid; ALB, albu-
min; ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl trans-
peptidase; PT, prothrombin time; INR, international normalized ratio; DDi, D-dimer; NLR, neutrophil-to-lymphocyte ratio; PLR, 
platelet-to-lymphocyte ratio.

Table 3. Independent predictors for develop-
ment of nomogram
Variable OR 95% CI P
Sex
    Female ref
    Male 1.991 1.314-3.017 0.001
BCLC stage
    A ref
    B 0.899 0.531-1.523 0.693
    C 8.043 4.334-14.926 <0.001
    D 7.977 3.532-18.017 <0.001
Tumor size
    ≤5 cm ref
    >5 cm 1.792 1.116-2.876 0.016
DDi 1.126 1.083-1.171 <0.001
DDi, D-dimer.

ing the nomogram’s clinical utility and its robust 
performance for guiding treatment decisions 
(Figure 4).

Discussion

Hepatocellular carcinoma (HCC) is the most 
common form of liver cancer, with a high fatali-
ty rate, posing a significant global health chal-
lenge [15]. PVTT is a common complication of 
HCC, and its treatment remains a major clini- 
cal challenge, with poor long-term survival out-
comes. Therefore, early assessment and diag-
nosis of PVTT risk in HCC are critical.

A nomogram translates each regression coeffi-
cient in a predictive model into a scoring sys-
tem based on its contribution to risk and prog-
nosis [16], making it a widely used tool for 
various cancers [17-19]. PVTT in HCC increases 
the risk of varices and variceal bleeding [20]. 
Compared to HCC without PVTT, treatment 
options for HCC with PVTT are limited, and sur-
vival rates are worse. Predicting PVTT risk is 
vital for early intervention and improved patient 
outcome. While most studies focus on the prog-
nosis of HCC with PVTT, our research aimed to 
predict PVTT risk itself.

Figure 1. Nomogram for predicting the probability of 
tumor thrombus.

ing set and 0.822 (95% CI 0.782-0.862) in the 
validation set (Figure 3A and 3B). The nomo-
gram achieved sensitivity values of 86.6% and 
90.7% and specificity values of 68.2% and 
71.8% in the training set (Figure 3A) and valida-
tion set (Figure 3B), respectively.

DCA demonstrated a superior risk threshold 
probability compared to the baseline, highlight-

Figure 2. Calibration curves of the nomogram in the 
training set.
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Figure 3. ROC curves for tumor embolus prediction model. ROC curves for tumor embolus prediction model in the 
training set (A). ROC curves for tumor embolus prediction model in the validation set (B).

We identified male sex, BCLC stage, tumor size, 
and DDi levels as independent risk factors for 
PVTT in HCC. Based on these factors, a nomo-
gram was developed, demonstrating high sen-
sitivity and specificity. DCA confirmed its supe-
rior risk threshold probability.

Male sex has been reported as an independent 
risk factor for PVTT [6], possibly due to hormon-
al differences and the higher incidence of HCC 
in males [21]. Our findings align with this obser-
vation. However, another study reported a high-
er prevalence of males in the PVTT group with-
out a statistically significant association [22]. 
Whether male sex is an independent risk factor 
for PVTT warrants further investigation.

The BCLC system, the most widely used staging 
method for HCC, classifies patients into five 
stages with distinct prognoses and treatment 
strategies [23]. HCC with PVTT is categorized 
as advanced (BCLC Stage-C) [24]. In our study, 
BCLC stage C and stage D were significantly 
associated with PVTT risk, consistent with pre-
vious findings.

Tumor size is closely related to HCC prognosis, 
with larger tumors linked to worse outcomes. A 
high tumor load (number and size of lesions) is 
associated with PVTT [24]. Tumor size also 
reflects tumor aggressiveness, indicating a 
higher likelihood of cancer thrombus formation 
[25]. In this study, we set 5 cm as the cutoff, 
finding that tumor size >5 cm was an indepen-
dent risk factor for PVTT.

DDi, a soluble fibrin degradation product 
formed during thrombus dissolution, is a bio-
marker of fibrin formation and degradation 
[26]. While DDi is associated with venous th- 
romboembolism [27, 28], its relationship with 
PVTT has been less studied. Our study demon-
strated that elevated DDi levels are associated 
with PVTT in HCC patients.

Nomograms for HCC with PVTT have primarily 
focused on prognosis [29, 30] and long-term 
survival prediction [31, 32]. Recently, a risk 
score for predicting PVTT in HCC patients was 
developed, based on a large cohort of 2,243 
patients. This score incorporated eight risk fac-

Figure 4. Decision curve analysis for the nomogram.
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tors: three tumor-related factors (tumor diame-
ter, infiltration, alpha-fetoprotein), three liver 
function indicators (INR, bilirubin, albumin), and 
two factors related to portal hypertension (por-
tal hypertensive gastropathy, ascites). The risk 
of PVTT was associated with an OR of 1.30 
using a continuous score, and an OR of 11.33 
when comparing scores >8 to scores ≤8 [22]. 
However, the predictive value of this risk score 
remains uncertain due to the lack of external 
validation.

In our retrospective study, 1,752 HCC patients 
were included. We developed a nomogram 
based on four readily available clinical and  
laboratory variables (male sex, BCLC staging, 
tumor size, and DDi) to predict PVTT risk. The 
nomogram achieved sensitivity values of 86.6% 
and 90.7%, and specificity of 68.2% and 71.8% 
in the training and validation sets, respectively. 
Although our sample size was slightly smaller 
than the previous study, we performed internal 
validation by dividing patients into training  
and validation sets, enhancing the robustness 
of our findings. Compared to the previous risk 
score, the key advantages of our nomogram 
are its simplicity and accuracy.

Despite the satisfactory discrimination and  
predictive performance of the nomogram, sev-
eral limitations must be acknowledged. First, 
as a retrospective study, the development may 
have been prone to selection bias, potentially 
limiting the persuasiveness of the findings. 
Second, we did not distinguish between HBV-
related and non-HBV-related HCC, leaving its 
applicability to these subgroups unclear. Third, 
the single-center design limits generalizability, 
and we did not evaluate the nomogram’s prog-
nostic utility. Fourth, this study did not include 
alpha-fetoprotein, a key HCC-specific marker, 
which may influence PVTT risk.

In conclusion, we developed a nomogram incor-
porating male sex, BCLC staging, tumor size, 
and DDi, demonstrating strong predictive abili-
ty for PVTT risk. This tool can facilitate compre-
hensive risk assessment and guide clinicians  
in optimizing care and treatment allocation.
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