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Background: PVTT is a hallmark of advanced hepatocellular carcinoma (HCC). We aim to explore the influence of non-invasive
biomarkers on the occurrence of PVTT and develop and validate models for predicting prognosis in HBV-related HCC patients without
PVTT.

Methods: A total of 1026 HBV-related HCC patients without PVTT were enrolled, with 515 in the training cohort, 216 in the internal
validation cohort, and 295 in the external validation cohort. We conducted Cox regression analyses to discern the independent risk
factors associated with PVTT events, PFS, and OS, then constructed and validated predictive models. The predictive and discrimi-
natory capabilities of models were assessed using the calibration, time-dependent ROC, and DCA curves.

Results: In our study, 136 patients (13.3%) experienced PVTT events during the follow-up period. The Cox regression analysis
unveiled that male gender, AAPR <0.49, APRI >0.48, extrahepatic metastasis, and multiple tumors were independent risk factors for
PVTT. In the training cohort, non-invasive biomarkers (AAR and APRI), AFP, ascites, and tumor-related characteristics (extrahepatic
metastasis, tumor diameter, tumor number, and PVTT event) were independent risk factors for both OS and PFS, whereas age and
ALBI grade independently correlated with OS. The C-indexes of OS and PFS nomogram models were 0.795 and 0.733 in the training
cohort, 0.765 and 0.716 in the internal validation cohort, and 0.780 and 0.722 in the external validation cohort, respectively. Our
models demonstrated strong predictive and discriminative abilities in all cohorts and yielded a greater net benefit compared to three
traditional staging systems.

Conclusion: Non-invasive biomarkers are expected to be reliable predictors for assessing PVTT risk and predicting prognosis among
HBV-related HCC patients without PVTT.

Keywords: non-invasive biomarker, portal vein tumor thrombosis, HBV-related HCC, nomogram, prognosis

Introduction

In 2020, liver cancer stood as the third leading cause of cancer-related fatalities and the sixth most prevalent cancer
globally, and hepatocellular carcinoma (HCC) accounts for approximately 90% of liver cancer cases."> The number of
new cases and deaths is expected to increase by more than 55% by the year 2040.> China has a heavy burden of liver
cancer, with more than 45% of global new cases and deaths occurring in this region, and about 84.4% of liver cancer
patients are afflicted with hepatitis B virus (HBV) infection.'* Despite the increasing coverage of hepatitis B vaccination
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and a steady rise in the diagnosis and treatment rates for chronic hepatitis B in China, HCC remains a persistent
challenge, primarily due to the vast number of HBV-infected individuals in the population.”°

Portal vein tumor thrombosis (PVTT) represents a frequent clinical manifestation of HCC and serves as a hallmark of
advanced HCC. Regrettably, PVTT is observed in 44-62.2% of HCC patients, what is even more concerning is that
untreated patients face a median survival time of just 2.7 to 4 months.” PVTT gives rise to hepatic hypofunction, portal
hypertension, and ascites, often culminating in disease progression and fatality.® Although treatments such as surgical
resection, transcatheter arterial chemoembolization (TACE), and systemic treatment offer the potential for improved
survival outcomes, options are limited once PVTT has developed, and overall survival rates remain low.” Moreover, it is
worth noting that HBV infection and replication significantly contribute to the formation of PVTT.'® Hence, it is
important to identify risk factors for PVTT events in HBV-related HCC patients who have not yet developed PVTT.
Early identification of these risk factors is crucial for timely intervention and better patient outcomes.

Presently, the Barcelona Clinic Liver Cancer (BCLC) staging system, the Cancer of the Liver Italian Program (CLIP)
staging system, and the Okuda staging system are extensively employed for treatment guidance and prognosis assessment
in HCC. However, owing to the inherent tumor heterogeneity and individual variability, the prognosis can significantly
differ among HCC patients with the same clinical stage.'"'* Recent studies have illuminated the potential of inexpensive
and readily accessible non-invasive biomarkers like albumin (ALB)-to-alkaline phosphatase (ALP) ratio (AAPR),
aspartate aminotransferase (AST)-to-alanine aminotransferase (ALT) ratio (AAR), AST-to-platelet ratio index (APRI),
and fibrosis-4 index (FIB-4) as valuable prognostic indicators for predicting disease progression and long-term survival
in HCC patients.'>'®

The nomogram, a straightforward visualization tool, is constructed by integration and quantization of numerous
independent risk factors, which can be used to accurately and individually identify high-risk patients and predict
prognosis, and its application can enhance the clinical management and prognosis assessment for HCC patients.'*°
However, the relationship between non-invasive biomarkers and PVTT events remains elusive, and few nomogram
models are available for predicting the prognosis of HBV-related HCC patients without PVTT. Hence, this study aims to
investigate the impact of non-invasive biomarkers on PVTT events and the prognostic value of non-invasive biomarkers,
and constructed and validated two nomogram models to predict the overall survival (OS) and progression-free survival
(PFS) of HBV-related HCC patients without PVTT, respectively.

Materials and Methods
Study Population

We conducted a retrospective analysis of clinical data involving consecutive patients newly diagnosed with HBV-related
HCC without PVTT, who were admitted to the 900TH Hospital of Joint Logistics Support Force between April 2016 and
February 2022. The inclusion criteria were as follows: (a) diagnosis of HCC based on radiological imaging or
histopathological evidence, following the guidelines for the diagnosis and treatment of hepatocellular carcinoma (2019
Edition); (b) presence of positive HBV surface antigen (HBsAg) for at least 6 months and/or HBV-DNA viral load >500
IU/mL; (c) no previous anticancer treatment; (d) age between 18 and 85 years. Exclusion criteria encompassed: (a) PVTT
was present before enrollment based on the Chinese Expert Consensus on Multidisciplinary Diagnosis and Treatment of
Hepatocellular Carcinoma with Portal Vein Tumor Thrombus (2018 Edition); (b) presence of etiology other than HBV;
(c) coexistence of other malignancies; (d) severe organ dysfunction (eg, heart, lung, kidney, etc.); (¢) human immuno-
deficiency virus (HIV) infection, hematological diseases, or autoimmune diseases; (f) incomplete clinical and laboratory
data or loss to follow-up. Following these inclusion and exclusion criteria, a total of 1026 HBV-related HCC patients
without PVTT were included in our study. Among them, 731 patients from our center were randomly assigned to the
training cohort (n=515) and the internal validation cohort (n=216) using a 7:3 ratio. An additional 295 patients from the
Fifth Medical Center of Chinese PLA General Hospital (from July 2016 to August 2021) constituted the external
validation cohort.
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Definition

The calculation formula of the non-invasive biomarkers are as follows: AAPR = ALB (g/L) / ALP (U/L); AAR = AST
(U/L) / ALT (U/L); APRI = [AST (U/L) / upper limit of normal] x 100 / platelet count (PLT, 10°/L); FIB-4 = [age (year)
x AST (U/L)] / [PLT (10°/L)XALT (U/L)"?]. To determine the optimal cut-off values for these non-invasive biomarkers,
we conducted the time-dependent receiver operating characteristic (ROC) curve analysis within our center’s cohort. The
optimal cut-off values for AAPR, AAR, APRI, and FIB-4 were 0.49 [with an area under the curve (AUC) of 5-year OS:
0.711, 95% confidence interval (CI): 0.660-0.762], 0.965 (with an AUC of 5-year OS: 0.703, 95% CI: 0.651-0.755),
0.48 (with an AUC of 5-year OS: 0.675, 95% CI: 0.620-0.731), and 1.85 (with an AUC of 5-year OS: 0.656, 95% CI:
0.602-0.710), respectively (Figure S1). The albumin-bilirubin (ALBI) score was calculated based on serum total
bilirubin (TBIL) and ALB levels and categorized into three grades: grade 1 (< —2.60), grade 2 (> —2.60 to —1.39),
and grade 3 (> —1.39).>' PVTT event was defined as the presence of an intraluminal filling defect with typical arterial
enhancement in the main or branch of the portal vein, confirmed through radiologic imaging methods such as ultrasound,
computed tomography (CT), and/or magnetic resonance imaging (MRI).?? The degree of ascites was classified according
to the consensus of the International Ascites Club. Finally, as per the modified Response Evaluation Criteria in Solid
Tumors (mRECIST), the time interval between the date of diagnosis and either death or disease progression was
designated as OS and PFS, respectively.

Data Collection and Treatment

Within one week prior to treatment initiation, we gathered baseline demographic, laboratory, and imaging data for all
enrolled patients. These recorded variables included age, gender, routine blood tests, biochemical tests, alpha-fetoprotein
(AFP), HBV-DNA load, ascites, extrahepatic metastasis, tumor number, tumor maximum diameter, and additional
pertinent factors. The management of HCC closely adhered to the China Guidelines for Diagnosis and Treatment of
Primary Liver Cancer (2017 Edition to 2019 Edition). Treatment modalities included surgical resection, radiofrequency
ablation, liver transplant, TACE, hepatic arterial infusion chemotherapy (HAIC), radiotherapy, systemic therapy, and best
supportive care, either individually or in combination. Furthermore, all patients received antiviral therapy.

Follow-Up

Regular follow-up assessments were conducted, with intervals ranging from 1 to 3 months during the initial 12 months
following treatment. Subsequently, follow-up appointments were scheduled at intervals of 3 to 6 months, continuing until
May 31, 2023. These follow-up evaluations encompassed physical examinations, blood routine, biochemical tests, serum
AFP level, HBV-DNA load, chest X-ray, and abdominal imaging (including ultrasound, CT, and/or MRI). Within our
study, the occurrence of PVTT events was the primary endpoint, and OS and PFS were the secondary endpoints,
respectively. The median follow-up time for our center and the Fifth Medical Center are 1601 days and 1538 days,
respectively.

Statistics

Continuous variables were presented either as mean =+ standard deviation (SD) or as median with interquartile range (IQR), and
comparisons were made using appropriate statistical tests such as the Student’s #-test, one-way ANOVA, Mann—Whitney U-test,
or Kruskal-Wallis test. Categorical variables were expressed as numbers and percentages and were analyzed using the Chi-square
test or Yates’ correction. Univariate and multivariate Cox regression analyses were carried out to identify independent risk factors
for PVTT event, OS, and PFS. Survival differences among different groups were assessed using Kaplan-Meier (KM) curves.
Subsequently, nomogram models were constructed based on the multiple independent risk factors identified from the training
cohort. These models were validated using both the internal and external validation cohorts. The predictive accuracy of models
was evaluated using Harrell’s concordance index (C-index) and time-dependent ROC curves. Generally, a C-index or AUC value
over 0.7 indicates an accurate model. The consistency of the model predicted probability and the actual probability was evaluated
by a calibration curve with 800 bootstrap resamples. The closer the model’s calibration curve to the ideal line, the better the
consistency and accuracy of the model was. Moreover, decision curve analysis (DCA) was employed to compare the net clinical
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benefits of the models against traditional staging systems. Statistical analyses and graphical visualizations were performed
utilizing R software version 4.2.1 (R Foundation for Statistical Computing, Vienna, Austria), with the aid of the following

LT3

R packages: ‘stats’,

99 ¢

survival”, “rms”, “survminer”, “timeROC”, “pROC”, and “ggplot2”. p<0.05 was considered statistically

significant.

Results

Baseline Characteristics

A total of 1026 patients were enrolled in the present study. The median age of the entire cohort was 56 years (IQR: 48 to 65
years), 84.2% (n=864) were male, 59.6% (n=611) belonged to the ALBI grade 1 subgroup, 59.2% (n=607) were positive for
HBV-DNA, 22.3% (n=232) had ascites, and 12.9% (n=132) had extrahepatic metastasis. According to the BCLC staging
system, the distribution of patients was as follows: 108 patients (10.5%) were classified as BCLC stage 0, 416 patients (40.5%)
as BCLC stage A, 296 patients (28.8%) as BCLC stage B, 173 patients (16.9%) as BCLC stage C, and 33 patients (3.2%) as
BCLC stage D. In total, 136 (13.3%) patients experienced PVTT event. If we performed the analysis on the above 136 patients
only, the median time of the development of PVTT would be 335 days (95% CI: 226-431). Compared to the non-PVTT group,
the PVTT group had lower values of AAPR (0.35 vs 0.42, p< 0.001), but higher values of APRI (0.87 vs 0.65, p=0.002), ALBI
score (—2.69 vs —2.75, p=0.034) and tumor diameter (5.95cm vs 4.7 cm, p=0.031) (Figure 1A-D), and a higher proportion of
males (91.9% vs 83%, p=0.008), extrahepatic metastasis (19.1% vs 11.9%, p=0.019) and multiple tumors (55.1% vs 46%,
p=0.046). The PVTT group had 136 cases (100%) of progression with a median PFS of 171 days and 126 cases (92.6%) of
death with a median OS of 637.5 days, respectively. The non-PVTT group had 684 cases (76.9%) of progression with a median
PFS of 374 days and 496 cases (55.7%) of death with a median OS of 1164 days, respectively. The details are shown in Table 1.
The PVTT group had poorer OS [hazard ratio (HR)=1.95, 95% CI: 1.60-2.37; p<0.001] and PFS (HR=2.10, 95% CI: 1.74—
2.53; p<0.001) than non-PVTT group (Figure 1E and F). Then, we divided the entire cohort into the training cohort (n=515),
internal validation cohort (n=216), and external validation cohort (n=295), and details are summarized in Table 2.
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Figure | Comparison of clinical characteristics and prognosis between PVTT group and non-PVTT group. The values of AAPR (A), APRI (B), ALBI score (C), and tumor
diameter (D) were marked differences between the PVTT group and the non-PVTT group. KM survival curves revealed that patients occurred PVTT events had poorer OS
(E) and PFS (F) than patients without PVTT.

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; ALBI, albumin-bilirubin; PVTT, portal vein tumor
thrombosis; HR, hazard ratio.
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Table | Baseline Characteristics of HBV-Related HCC Patients with and without PVTT

Characteristics

Entire Cohort
(n=1026)

Non-PVTT (n=890)

PVTT (n=136)

p value

Gender, female / male
Age, years

<60 / >60

AAPR

<0.49 / >0.49

AAR

<0.965 / >0.965

APRI

<0.48 / >0.48

FIB-4

<1.85/>1.85

AFP, ng/mL

<20/ 220
HBV-DNA, log IU/mL
Negative

<5

=5

ALBI score

Grade |

Grade 2

Grade 3

Ascites

Negative

Small

Medium / large
Extrahepatic metastasis, no / yes
Tumor diameter, cm
<3

3to 10

>10

Tumor number, single / multiple
BCLC stage

O 0N w>» o

OS event, alive / death
Median OS time, days
PFS event, no / yes

Median PFS time, days

162 / 864 (15.8% / 84.2%)
56 (48, 65)

646 1 380 (63% / 37%)
0.41 (0.26, 0.57)
649 / 377 (63.3% / 36.7%)
.16 (0.88, 1.54)

339 / 687 (33% / 67%)
0.67 (0.40, 1.41)

369 / 657 (36% / 64%)
244 (1.52, 4.73)

362 / 664 (35.3% / 64.7%)
49.79 (7.19, 987.03)
411/ 615 (40.1% / 59.9%)

419 (40.8%)
324 (31.6%)

283 (27.6%)
~2.73 (-3.08, —2.24)
611 (59.6%)

374 (36.5%)

41 (4%)

797 (77.7%)
183 (17.8%)
46 (4.5%)
894 / 132 (87.1% / 12.9%)
5 (2.73, 8.70)
296 (28.8%)
536 (52.2%)
194 (18.9%)
542 / 484 (52.8% | 47.2%)

108 (10.5%

416 (40.5%

296 (28.8%

173 (16.9%

33 (3.2%)

404 /622 (39.4% / 60.6%)
1052 (927-1139)

206 / 820 (20.1% / 79.9%)

336 (298-374)

222

151 /739 (17% / 83%)
56 (48, 65.75)
553 /337 (62.1% / 37.9%)
0.42 (0.27, 0.58)
540 / 350 (60.7% / 39.3%)
.16 (0.88, 1.56)
295 / 595 (33.1% / 66.9%)
0.65 (0.39, 1.39)
338 / 552 (38% / 62%)
2.39 (1.47, 473)
322/ 568 (36.2% / 63.8%)
43.84 (7.01, 969.95)
365 /525 (41% / 59%)

374 (42%)
278 (31.2%)

238 (26.7%)
~2.75 (-3.09, ~2.25)
537 (60.3%)
322 (36.2%)

31 (3.5%)

689 (77.4%)

164 (18.4%)
37 (4.2%)

784/ 106 (88.1% / 11.9%)
47 (27, 86)
268 (30.1%)
456 (51.2%)
166 (18.7%)

481/ 409 (54% / 46%)

97 (10.9%)
373 (41.9%)
245 (27.5%)
147 (16.5%)
28 (3.1%)

394 / 496 (44.3% / 55.7%)
1164 (1036-1314)
206 / 684 (23.1% | 76.9%)
374 (332-456)

11/ 125 (8.1% / 91.9%)
55 (48.75, 63)

93 / 43 (68.4% / 31.6%)
0.35 (0.24, 0.46)
109 / 27 (80.1% / 19.9%)
113 (091, 1.41)

44 1 92 (32.4% | 67.6%)
0.87 (0.49, 1.68)
31/ 105 (22.8% / 77.2%)
2.80 (1.73, 4.68)

40 / 96 (29.4% / 70.6%)
96.51 (9.12, 1020)
46 /90 (33.8% / 66.2%)

45 (33.1%)
46 (33.8%)

45 (33.1%)
~2.69 (-2.93, ~2.22)
74 (54.4%)

52 (38.2%)

10 (7.4%)

108 (79.4%)
19 (14%)
9 (6.6%)
110 /26 (80.9% / 19.1%)
5.95 (3.45, 9.43)
28 (20.6%)
80 (58.8%)
28 (20.6%)
61 /75 (44.9% | 55.1%)

Il (8.1%)
43 (31.6%)
51 (37.5%)
26 (19.1%)
5 (3.7%)

10/ 126 (7.4% [ 92.6%)
637.5 (493-867)
0/ 136 (0% / 100%)
171 (137-204)

0.008
0.269
0.160
< 0.001
< 0.001
0.700
0.855

0.002
< 0.001
0.141

0.124
0.179
0.111

0.118

0.034
0.072

0.227

0.019
0.031
0.073

0.046
0.072

< 0.001
< 0.001
< 0.001
< 0.001

Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombosis; AAPR, albumin-to-alkaline phosphatase ratio;
AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 index; AFP,
alpha-fetoprotein; HBV-DNA, HBV deoxyribonucleic acid; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; OS, overall survival; PFS, progres-

sion-free survival.

Cox Regression Analysis for PVTT in the Entire Cohort
Univariable and multivariable Cox regression analysis was performed to identify independent risk factors for PVTT and
results are presented in Table S1. Male gender (HR: 2.171, 95% CI: 1.151-4.096), APRI >0.48 (HR: 2.644, 95% CI:
1.478-4.730), extrahepatic metastasis (HR: 3.016, 95% CI: 1.850-4.916) and multiple tumors (HR: 1.512, 95% CI:
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Table 2 Baseline Characteristics of the Three Cohorts

N ®>» o

D

57 (11.1%)
203 (39.4%)
145 (28.2%)
89 (17.3%)
21 (4.1%)

23 (10.6%)
99 (45.8%)
60 (27.8%)
29 (13.4%)
5 (2.3%)

Characteristics Training Cohort Internal Validation Cohort | External Validation Cohort | p value
(n=515) (n=216) (n=295)

Gender, female / male 83 / 432 (16.1%/83.9%) 31 /185 (14.4% / 85.6%) 48 / 247 (16.3% | 83.7%) 0.807

Age, years 55.79 + 12.07 56.12 £ 12.10 56.70 £ 12.24 0.592

<60 / >60 330 /185 (64.1% / 35.9%) 133 /83 (61.6% / 38.4%) 183/ 112 (62% / 38%) 0.755

AAPR 0.42 (0.27, 0.57) 0.41 (0.26, 0.58) 0.39 (0.25, 0.56) 0.522

<0.49 / >0.49 320/ 195 (62.1% / 37.9%) 137 179 (63.4% / 36.6%) 192 /103 (65.1% / 34.9%) 0.703

AAR 1.16 (0.89, 1.54) 1.06 (0.84, 1.48) 1.18 (0.90, 1.62) 0.125

<0.965 / >0.965 169 / 346 (32.8% / 67.2%) 82/ 134 (38% / 62%) 88 /207 (29.8% / 70.2%) 0.153

APRI 0.67 (0.41, 1.39) 0.69 (0.38, 1.48) 0.67 (0.40, 1.33) 0.939

<0.48 / >0.48 180 / 335 (35% / 65%) 83 /133 (38.4% / 61.6%) 106 / 189 (35.9% / 64.1%) 0.671

FIB-4 243 (1.52,4.71) 245 (149, 4.54) 2.44 (153, 4.89) 0.969

<1.85/>1.85 183 /332 (35.5% / 64.5%) 78/ 138 (36.1% / 63.9%) 101 /194 (34.2% / 65.8%) 0.896

AFP, ng/mL 52.70 (7.55, 1095) 43.06 (7.08, 674.60) 46.56 (6.36, 790.65) 0.760

<20/ 220 202/ 313 (39.2% / 60.8%) 90/ 126 (41.7% / 58.3%) 1197176 (40.3% / 59.7%) 0.822

HBV-DNA, log 1U/mL 0.967

Negative 212 (41.2%) 88 (40.7%) 119 (40.3%)

<5 165 (32%) 69 (31.9%) 90 (30.5%)

=5 138 (26.8%) 59 (27.3%) 86 (29.2%)

ALBI score —2.71 (—3.06, —2.28) —2.76 (—3.10, —2.21) —2.77 (-3.09, —2.22) 0.842

Grade | 302 (58.6%) 129 (59.7%) 180 (61%) 0.675

Grade 2 194 (37.7%) 75 (34.7%) 105 (35.6%)

Grade 3 19 3.7%) 12 (5.6%) 10 (3.4%)

Ascites 0.723

Negative 400 (77.7%) 172 (79.6%) 225 (76.3%)

Small 90 (17.5%) 34 (15.7%) 59 (20%)

Medium / large 25 (4.9%) 10 (4.6%) Il (3.7%)

Extrahepatic metastasis, no / yes 448 | 67 (87% 1 13%) 193 /23 (89.4% / 10.6%) 253/ 42 (85.8% / 14.2%) 0.484

PVTT event, no / yes 449 | 66 (87.2% / 12.8%) 184 /32 (85.2% / 14.8%) 257 / 38 (87.1% / 12.9%) 0.748

Tumor diameter, cm 5.1 (2.75, 9.05) 4.6 (2.6, 8) 5.2 (28, 838) 0.327

<3 149 (28.9%) 65 (30.1%) 82 (27.8%) 0.836

3to 10 266 (51.7%) 116 (53.7%) 154 (52.2%)

>10 100 (19.4%) 35 (16.2%) 59 (20%)

Tumor number, single / multiple 273 / 242 (53% | 47%) 122 / 94 (56.5% / 43.5%) 147 / 148 (49.8% / 50.2%) 0.328

BCLC stage 0.489

28 (9.5%)
114 (38.6%)
91 (30.8%)
55 (18.6%)
7 (2.4%)

Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-
platelet ratio index; FIB-4, fibrosis-4 index; AFP, alpha-fetoprotein; HBV-DNA, hepatitis B virus deoxyribonucleic acid; ALBI, albumin-bilirubin; PVTT, portal vein tumor
thrombosis; BCLC, Barcelona Clinic Liver Cancer.

1.040-2.199) were independently associated with higher risk of PVTT event, but AAPR >0.49 (HR: 0.428, 95% CI:
0.269-0.681) was independently related to lower risk of PVTT event (Figure 2).

Cox Regression Analysis for OS and PFS in the Training Cohort
Multivariable Cox analysis identified 10 independent risk factors for OS and 8 independent risk factors for PFS in the
training cohort (Table S2). AAR >0.965 (OS: HR =1.932, p<0.001; PFS: HR =1.662, p<0.001), APRI >0.48 (OS: HR
=1.651, p=0.011; PFS: HR =1.489, p=0.014), AFP >20 ng/mL (OS: HR =1.382, p=0.014; PFS: HR =1.267, p=0.031),
extrahepatic metastasis (OS: HR =2.669, p<0.001; PFS: HR =2.170, p<0.001), multiple tumor (OS: HR =1.848, p<0.001;
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Cox regression analysis and forest plot of PVTT in the entire cohort

Characteristics Total (N) HR (95%Cl) pvalue
Uni-Cox regression analysis 1
Gender, female vs.male 162/864 2.163(1.167 -4.009) :l—o—c 0.014
AAPR, 0.49 vs. >0.49 649/377 0.298(0.195-0456) u, <0.001
AAR, £0.965 vs. >0.965 339/687 1.510(1.046-2.181) ] 0.028
APRI, <0.48 vs. >0.48 369/657 2.575(1.713-3.870) : -— <0.001
FIB-4, <1.85 vs. >1.85 362/664 1.681(1.157-2443) e 0.006
AFP, <20 vs. 220 411615 1.729(1.209-2471) et 0.003
HBV-DNA, log 1U/ml :
negative 419 Reference 1
<5 324 1578 (1.046-2.382) ILH 0.03
=25 283 1.650(1.087 -2503) e 0.019
ALBlgrade !
grade 1 611 Reference :
grade 2 374 1577 (1.100-2.262) b 0013
grade 3 41 4379 (2251-8519) : —e——— <0001
Ascites |
negative 797 Reference |
small 183 1.168(0.715-1.907) I:H 0534
medium/large 46 5110(2.538-10.286) | +———— <0.001
Extrahepaticmetastasis, novs.yes  894/132 4.751(3.020-7473) : —— <0.001
Tumor diameter,cm |
<3 296 Reference I
3t010 536 2233(1440-3463) :n—o—| <0.001
>10 194 3437 (2.009-5879) | ——i <0.001
Tumor number, single vs. multiple 542/484 2.168 (1538 -3.055) ' o <0.001
Multi-Cox regression analysis ,
Gender, female vs.male 162/864 2171 (1.151-4.096) :._._. 0017
AAPR, =0.49 vs. >0.49 649/377 0428(0.269-0681) = <0.001
APRI, <0.48 vs. >0.48 369/657 2644 (1478-4730) l—— 0.001
Extrahepatic metastasis, no vs. yes  894/132 3.016 (1.850-4.916) : ——i <0.001
Tumor number, single vs. multiple  542/484 1.512 (1.040-2.199) pe- 0.03

T T T T T
00 25 50 75 100

Figure 2 Cox regression analysis and forest plot of PVTT in the entire cohort.

Abbreviations: PVTT, portal vein tumor thrombosis; HR, hazard ratio; AAPR, albumin-to-alkaline phosphatase ratio; AAR, aspartate aminotransferase-to-alanine
aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 index; AFP, alpha-fetoprotein; HBV-DNA, hepatitis B virus DNA; ALBI,
albumin-bilirubin.

PFS: HR =1.562, p<0.001), PVTT event (OS: HR =1.605, p=0.002; PFS: HR =1.946, p<0.001), ascites and tumor
diameter were independent risk factors for both OS and PFS. Age >60 years (HR =1.448, p=0.005) and ALBI grade were
independent risk factors of OS, but not of PFS (Figure 3). KM curves for OS and PFS of the above independent risk
factors are demonstrated in Figures S2 and S3, respectively.

Construction and Validation of the OS Nomogram Model

The OS nomogram model was constructed by integrating ten independent predictors (age, AAR, APRI, AFP, ALBI
grade, ascites, extrahepatic metastasis, tumor diameter, tumor number, and PVTT event) for OS in the training cohort
(Figure 4A). The C-index of the OS nomogram model was 0.795 (95% CI: 0.783—0.807) for the training cohort and
further validated by both the internal validation cohort (0.765, 95% CI: 0.745-0.784) and external validation cohort
(0.780, 95% CI: 0.765-0.796). The calibration curves of the model for predicting 1-, 3-, and 5-year OS demonstrated
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A Cox regression analysis and forest plot of OS in the training cohort

B cox regression analysis and forest plot of PFS in the training cohort

Characteristics

Total(N)

HR (95%Cl)

Characteristics

pvalue Total(N) HR (95%Cl) pvalue
Uni-Cox regression analysis : Uni-Cox regression analysis
Age, <60 vs. >60 330/185  1319(1.051-16585) ¢ 0.017 AAPR, 0.49 vs. >0.49 3201195 0518 (0420-0.638) <0001
AAPR, <0.49 vs. >0.49 320195 0376(0290-0486) ¢ <0.001 AAR. <0.965 v, 50,965 160346 1951 (1568 . 2428 0004
<0. . >0. K k -2 <0,
AAR, <0.965 vs, >0.965 169/346 2526 (1923-3320) <0001 : ve ( )
APRI, <0.48 vs. >0.48 180335 2291 (1.761-2.981) :m <0001 APRI, <0.48 vs. >0.48 180/335 1.891(1.526-2.345) <0.001
FIB-4, <1.85 vs. >1.85 183/332 2085(1611-2700) = <0001 FIB-4, <1.85 vs. >1.85 183/332 1.640 (1.329-2.023) <0001
AFP, <20 vs. 220 202313 1.971(1.549-2507) :n <0001 AFP, <20 vs. 220 202/313 1.700 (1.389 - 2.081) <0001
HBV-DNA, log IU/ml | HBV-DNA, log 1U/ml
negative 212 Reference 1 negative 212 Reference
- W
<5 165 1537 (1176-2010) ) 0.002 < 165 1129(0897-1422) 0302
25 138 1569 (1.188-2071) 0.001
25 138 1.338(1.056 - 1.696) 0016
ALBlIgrade !
grade 1 302 Reference : ALBlgrade
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I
Ascites \ grade 3 19 3070(1.893-4978) <0.001
negative 400 Reference | Ascites
- I
small 9 2691(2065-3507) = <0.001 negative 400 Reference
medium/large 25 11904 (7.581-18690) —e—— <0001 2 2005 (1641-2674 0.001
L L -2 <0.
Extrahepaticmetastasis, novs.yes  448/67 4931 (3677-6612) 1 re <0.001 small ( )
Tumor diameter, cm : medium /large 25  5367(3536-8.147) <0001
<3 149 Reference | Extrahepatic metastasis, no vs. yes 448/67 3.953(3.002-5.204) <0.001
3to 10 266 2489 (1823-3397) [ <0.001 Tumor diameter,cm
>10 100 6.093(4.297 - 8.639) : ——i <0.001 <3 149 Reference
Tumor number, single vs. multiple ~ 273/242 2871(2278-3619) ™ <0.001 31010 266 1862 (1463 -2369) <0001
44, [ 572-2 ! <0.001
PVTT event,no vs.yes /66 2084 (1572-2763) 0.00 10 100 4415(3304-5899) <0001
Multi-Cox regression analysis
9 v ! Tumor number, single vs. multiple 273242 2281(1873-2779) Ll <0.001
Age. 60vs. 260 330185 1448(1.117-1576) |L 0005 PVTT event 449/66 2080 (1591-2.719) <0.001
event,no vs. yes R E -2. K
AAR, <0.965 vs. >0.965 169/346  1932(1420-2627) <0001 y
APRI, £0.48 vs. >0.48 180/335 1651 (1.122-2430) b 0.011 Multi-Cox regression analysis
AFP, <20 vs. 220 202/313 1.382(1.068-1.788) I\- 0014 AAR, <0.965 vs. >0.965 169/346 1662 (1297-2.130) <0.001
ALBIgrade | APRI, <0.48 vs. >0.48 180/335 1489 (1.085-2.043)  bet 0014
grade 1 302 Reference : AFP, <20 vs. 220 202313 1267 (1022-1570) [ 0.031
grade 2 194 1336(1021-1748) n 0.034 Ascites !
grade 3 19 2255(1256-4.049)  p— 0.006 ) |
Ascites | negative 400 Reference \
negative 400 Reference : small 90 1256 (0.951 - 1.658) 1-' 0.108
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Extrahepaticmetastasis, novs.yes  448/67 2669 (1930-3689) | <0.001 Tumor diameter,cm 1
Tumor diameter,cm : < 149 Reference :
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>10 100 3541(2344-5348) | <0001 ) ! 100 2819(2013-3948) | = <0001
Tumor number, single vs.multiple  273/242  1.848 (1.429 - 2.390) : <0.001 Tumor number, single vs. multiple 2731242 1562(1251-1952) :"' <0001
PVTT event, no vs.yes 449/66 1,605 (1.192-2.163) 0.002 PVTT event, no vs.yes 449/66 1946 (1.466-2582) | <0.001

Figure 3 Cox regression analysis and forest plots of OS (A) and PFS (B) in the training cohort.
Abbreviations: OS, overall survival; PFS, progression-free survival; HR, hazard ratio; AAPR, albumin-to-alkaline phosphatase ratio; AAR, aspartate aminotransferase-to-
alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 index; AFP, alpha-fetoprotein; HBV-DNA, hepatitis B virus DNA;

ALBI, albumin-bilirubin; PVTT, portal vein tumor thrombosis.

w1

good agreement in the training cohort, and it performed equally well in the internal and external validation cohorts

(Figure 4B-D). The time-dependent ROC curves verified the good predictive accuracy of the OS model for OS in the
training cohort (1-year AUC, 0.869; 3-year AUC, 0.867; S5-year AUC, 0.865), internal validation cohort (1-year AUC,
0.885; 3-year AUC, 0.798; 5-year AUC, 0.826) and external validation cohort (1-year AUC, 0.883; 3-year AUC, 0.839;
S-year AUC, 0.863; Figure 4E—G). DCA curves revealed that the OS nomogram model had a greater net benefit than
three traditional staging systems (BCLC stage, CLIP score, and Okuda stage) at 5 years regardless of cohort (Figure 4H—

J). These results showed that the OS model had good discriminating ability and clinical applicability.

Construction and Validation of the PFS Nomogram Model
The PFS nomogram model was created by incorporating eight independent predictors (AAR, APRI, AFP, ascites,

extrahepatic metastasis, tumor diameter, tumor number, and PVTT event) for PFS in the training cohort (Figure 5A).
The C-index of the PFS nomogram model was 0.733 (95% CI: 0.721-0.745) for the training cohort and further supported
by both the internal validation cohort (0.716, 95% CI: 0.697-0.735) and external validation cohort (0.722, 95% CI:
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Figure 4 Construction and validation of the OS nomogram model. Nomogram predicting the OS for HBV-related HCC patients without PVTT (A). The calibration curves
of the OS model for predicting |-, 3-, and 5-year OS in the training cohort (B), internal validation cohort (C), and external validation cohort (D). The time-dependent ROC
curves of the OS model were used to evaluate the predictive ability of |-, 3-, and 5-year OS in the training cohort (E), internal validation cohort (F), and external validation
cohort (G). The DCA curves of the OS model were performed to assess the clinical utility of 5-year OS in the training cohort (H), internal validation cohort (I), and
external validation cohort (J). KM survival analysis of OS among different risk groups based on the score of the OS nomogram model in the training cohort (K), internal
validation cohort (L), and external validation cohort (M).
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; AFP, alpha-fetoprotein; ALBI,
albumin-bilirubin; PVTT, portal vein tumor thrombosis; OS, overall survival; AUC, the area under the curve; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver

Italian Program.

0.706—0.738). The calibration curves of the model for predicting 1-, 3-, and 5-year PFS demonstrated good agreement in

the training cohort, which performed similarly well in other cohorts (Figure 5B—-D). The time-dependent ROC plots

demonstrated good discriminating ability of the PFS model for PFS in the training cohort (1-year AUC, 0.796; 3-year
AUC, 0.836; 5-year AUC, 0.808), internal validation cohort (1-year AUC, 0.791; 3-year AUC, 0.810; 5-year AUC,
0.888) and external validation cohort (1-year AUC, 0.804; 3-year AUC, 0.853; 5-year AUC, 0.871; Figure SE-G). DCA
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Figure 5 Construction and validation of the PFS nomogram model. Nomogram predicting the PFS for HBV-related HCC patients without PVTT (A). The calibration curves
of the PFS model for predicting |-, 3-, and 5-year PFS in the training cohort (B), internal validation cohort (C), and external validation cohort (D). The time-dependent ROC
curves of the PFS model were used to evaluate the predictive ability of |-, 3-, and 5-year PFS in the training cohort (E), internal validation cohort (F), and external validation
cohort (G). The DCA curves of the PFS model were performed to assess the clinical utility of 5-year PFS in the training cohort (H), internal validation cohort (l), and
external validation cohort (J). KM survival analysis of PFS among different risk groups based on the score of the PFS nomogram model in the training cohort (K), internal
validation cohort (L), and external validation cohort (M).
Abbreviations: AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aspartate aminotransferase-to-platelet ratio index; AFP, alpha-fetoprotein; PVTT,
portal vein tumor thrombosis; PFS, progression-free survival; AUC, the area under the curve; BCLC, Barcelona Clinic Liver Cancer; CLIP, Cancer of the Liver Italian

Program.

plots illustrated that the PFS nomogram model had a better net benefit than three traditional staging systems at 5 years in

each cohort (Figure SH-J). These results revealed that the PFS model has potential clinical benefits.

The Ability of Models to Discriminate the Risk of Patients

According to the score of the OS nomogram model using the 25th and 75th percentiles as the cut-off value, patients were

divided into low- (score: <86), medium- (score: 86 to 191), and high- (score: >191) risk groups, respectively, and
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significant differences in OS were observed among the three groups regardless of the cohort (p<0.001 for all; Figure 4K—
M). The survival analysis showed that the high-risk group (training cohort: 235 days; internal validation cohort: 263.5
days; external validation cohort: 242 days) had a significantly shorter median OS compared with the medium-risk group
(training cohort: 1099 days; internal validation cohort: 1088 days; external validation cohort: 1056 days), and the median
OS of the medium-risk group was exhibited shorter than the low-risk group (training cohort: not reached; internal
validation cohort: not reached; external validation cohort: not reached).

Similarly, patients were stratified into low- (score: <75), medium- (score: 75 to 184), and high- (score: >184) risk
groups based on the score of the PFS nomogram model using the 25th and 75th percentiles as the cut-off value. There
were significant differences in PFS among the three groups in each cohort (p<0.001 for all; Figure SK-M). The survival
analysis of PFS revealed that the low-risk group (training cohort: 1617 days; internal validation cohort: 1679 days;
external validation cohort: not reached) had the longest median PFS, the medium-risk group (training cohort: 367 days;
internal validation cohort: 323 days; external validation cohort: 345 days) with the second longest, and the high-risk
group (training cohort: 81 days; internal validation cohort: 112 days; external validation cohort: 98 days) with the
shortest median PFS.

Subgroup Analysis of Models According to the BCLC Staging System

A subgroup analysis based on the BCLC staging system was performed to investigate the discriminatory ability of our
novel models in patients with the same BCLC stages, and patients were classified into BCLC 0/A (n=524), BCLC
B (n=296), and BCLC C/D groups (n=206). In BCLC stage 0/A, there were significant differences in OS and PFS
between the low- and medium-risk groups (p<0.001 for both), also significant differences between the medium- and
high-risk groups were observed in PFS but not in OS (Figure 6A and D). The OS and PFS differences among the three
risk groups were significant in BCLC stage B patients (p<0.001 for all; Figure 6B and E). As for BCLC stage C/D
patients, OS and PFS in the medium- and high-risk groups (p<0.001 for both) were all statistically different but not in the
low- and medium-risk groups (Figure 6C and F). These results indicated that our models can distinguish the risk of
prognostic in patients with the same BCLC stages, especially BCLC stage B.

Discussion

In China, liver cancer is one of the most common tumors, claiming over 380,000 lives annually." Most HCC patients
have chronic HBV infection, and approximately 66% of them are diagnosed at the intermediate or advanced stage.”
PVTT emergence serves as a distinctive feature of advanced HCC, which imposes a great treatment challenge for HCC,
and patients with PVTT are typically classified as BCLC stage C and have a dismal prognosis. Therefore, the
identification of independent risk factors for PVTT is of paramount importance, as it holds the potential to facilitate
early intervention and prevention, thereby improving the clinical management of HCC, which means a lot to HBV-related
HCC patients who have yet to develop PVTT. In our study, we observed that a total of 136 patients (13.3%) experienced
PVTT events during the follow-up period, which was mostly in line with the results reported by Guarino et al (11.1%)
and Tortora et al (14.4%).2*%

Multivariate Cox regression analysis revealed that male gender, AAPR <0.49, APRI >0.48, the presence of extra-
hepatic metastasis, and multiple tumors were independent risk factors for PVTT. We suggest that patients with a high risk
of PVTT progression should be followed up regularly and closely. Once HCC progression has been detected, appropriate
treatment modalities should be selected according to current HCC treatment guidelines. Notably, there is a significant
gender disparity in liver cancer, with men experiencing more than twice the incidence and mortality rates compared to
women.' This gender difference may be attributed to the influence of sex hormones; estrogen exerts a protective effect
against HCC in women, while testosterone promotes liver cancer cell proliferation by inhibiting adiponectin.’*?” AAPR,
being an easily accessible non-invasive biomarker, may serve as an indicator of a patient’s nutritional status and liver
function. Its prognostic value in HCC has been substantiated by several studies.'*'* Regrettably, due to the limited
number of PVTT events in our study, we were unable to establish an ideal PVTT prediction model. The C-index of the
model only reached 0.649 and 0.691 in the internal and external validation cohorts, respectively (these results are not
displayed). Furthermore, multi-omics analyses (such as genomics, metabolomics, and transcriptomics) gained growing
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Figure 6 Subgroup survival analysis for the entire cohort stratified by the BCLC staging system. KM survival analysis of OS and PFS among different risk groups based on the
score of the OS nomogram model and PFS nomogram model in BCLC stage 0/A patients (A and D), BCLC stage B patients (B and E), and BCLC stage C/D patients (C and F),
respectively.

Abbreviation: BCLC, Barcelona Clinic Liver Cancer.

attention in the study of HCC, which can help to find the key molecules or therapeutic targets, and also contribute to
elucidating the potential pathogenesis of PVTT.?® A reliable tool for assessing drugs is essential in the development of
anti-HCC drugs depending on the corresponding molecules or targets.>

Currently, there is a scarcity of reliable methods or tools available for predicting the prognosis of HBV-related HCC
patients who have yet to develop PVTT. In this study, we successfully identified independent risk factors for both OS and PFS
within the training cohort using multivariate Cox analysis. Subsequently, we developed and validated two novel prognostic
models for predicting OS and PFS in HBV-related HCC patients who do not present with PVTT (Figures 4 and 5). The
C-indexes for OS and PFS prediction were 0.795 and 0.733 in the training cohort, 0.765 and 0.716 in the internal validation
cohort, and 0.780 and 0.722 in the external validation cohort, respectively. This consistency between predicted and observed
outcomes across different cohorts underscores the robust prediction performance of our models. Furthermore, the AUC values
from time-dependent ROC analysis at 1-year, 3-year, and 5-year intervals for both OS and PFS exceeded 0.79 across all
cohorts, which indicated that our models had high prediction accuracy. The DCA plots demonstrated that our models had
superior net benefits in clinical applications when compared to traditional staging systems. Additionally, our models allowed
for risk stratification of patients into low-, medium-, and high-risk groups based on their OS and PFS nomogram scores, as
evidenced by KM curve analysis. This stratification effectively distinguished patients with distinct prognoses, with p-values
<0.001 for all groups. Even in patients classified under the same BCLC stages, our models exhibited satisfactory discrimi-
natory ability. Particularly noteworthy is the ability of our models to differentiate low-, medium-, and high-risk BCLC stage
B patients, revealing significant differences in both OS and PFS (p<0.001 for all, Figure 6B and E), thereby enhancing
prognostic assessment in this subgroup of patients. This finding offers valuable insights into improving prognostic
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stratification within the BCLC stage B category, where patients often exhibit varying outcomes despite similar treatment
modalities.'"'?

Indeed, hepatocarcinogenesis is a complex and multifaceted process involving various factors and stages, including
sustained hepatocyte damage, necrosis, regeneration, and hepatic fibrosis. Consequently, the accurate assessment of the
degree of liver injury and fibrosis is important for predicting the prognosis of HCC patients.>° Multiple studies have
consistently demonstrated that non-invasive biomarkers such as the AAR, APRI, and ALBI grade can effectively
evaluate liver function reserve and the extent of hepatic fibrosis. These biomarkers have shown significant associations
with the prognosis of HCC patients.'>'73!*2 AAR is calculated from the serum AST and ALT levels and serves as
a sensitive indicator of hepatocellular injury. ALT is predominantly located in the cytoplasm, while AST is found in both
the cytoplasm and mitochondria. When cellular and mitochondrial membrane integrity is compromised, ALT and AST
are released into the bloodstream, leading to elevated serum ALT and AST levels. Tumor cells, driven by their high
energy demands for rapid proliferation, often exhibit increased aerobic glycolysis, which enhances glucose uptake.*
AST plays a crucial role in the malate-aspartate shuttle pathway, and its activity, as well as the AST/ALT ratio, is
frequently elevated in cancer patients.>* AAR may thus reflect the metabolic state of the tumor and its connection to
tumor growth, progression, and ultimately, prognosis.>> PLT can promote tumor angiogenesis by secreting various
cytokines, particularly vascular endothelial growth factor (VEGF), and help tumor cells escape from immune surveil-
lance and immune clearance by wrapping around the tumor cells, which contributes to tumor progression and
metastasis.’*’ In HCC, more than 80% of patients have underlying cirrhosis or fibrosis,*® often accompanied by portal
hypertension and hypersplenism, which can lead to thrombocytopenia. This condition helps explain the relatively high
value of APRI in HCC patients, as PLT levels serve as the denominator in the calculation of APRI. Owing to
methodological differences and patient heterogeneity, the optimal cut-off value of non-invasive biomarkers remains
controversial. We propose that AAR >0.965 and APRI >0.48 are associated with poor OS and PFS, and APRI >0.48 is
also related to a higher risk of PVTT event.

The ALBI grade, a simple and objective index, is calculated using serum ALB and TBIL levels. It has gained widespread
acceptance for assessing liver function and predicting the prognosis of HCC patients, because of its superior discriminatory
ability in prognostication compared to the Child-Pugh score and is generally applicable to patients across various BCLC
stages.>'*? Our findings provide further affirmation of the ALBI grade’s prognostic predictive capability for HBV-related
HCC patients without PVTT. Ascites, a parameter integral to the Child-Pugh score, serve as an important indicator of liver
synthetic and reserve function. Hypoproteinemia and portal hypertension contribute to the development of ascites. Patients
typically enter a stage of hepatic decompensation once ascites appear. Furthermore, the incidence of complications related to
ascites increases over time, and HCC patients with ascites often face significantly higher mortality rates.>® Our study has
underscored the relationship between the presence of ascites and OS and PFS in HCC patients. Previous studies found that
older HCC patients had poorer prognoses than younger counterparts. This age-related difference may be attributed to younger
patients having fewer underlying diseases, which allows them to tolerate and often receive more aggressive treatment
regimens.'”** Our study’s results confirm that age over 60 years is an independent risk factor for reduced OS.

Tumor-related features, including extrahepatic metastasis, PVTT event, tumor diameter, tumor number, and AFP
levels, hold a vital position in both of the prognostic models developed in this study. Extrahepatic metastasis is a sign of
advanced tumor-node-metastasis (TNM) stage in HCC and is associated with an unfavorable prognosis. It is estimated to
occur in approximately 10% of newly diagnosed HCC patients,*' and our study’s findings (12.9%) align with these
statistics. To some extent, extrahepatic metastasis, along with PVTT events, can serve as indicators of the degree of
malignancy and invasive potential of HCC. Larger tumor diameters indicate an increased likelihood of capsule invasion,
microvascular invasion (MVI), and the occurrence of satellite nodules.** The higher number of the tumor might imply
that the micrometastatic nodule has already been present which was too small to be detected on imaging examination.
AFP, a widely used tumor marker for diagnosis and treatment efficacy evaluation, plays an important role in the
formation, growth, and proliferation of HCC.** However, approximately 30-40% of HCC patients are AFP-negative,
the percentage was even higher in early-stage patients with a smaller tumor diameter, limiting its diagnostic and
prognostic applicability.**** Nevertheless, the prognostic value of AFP has been supported by our study. Furthermore,
the prognostic value of HBV-DNA load was not observed in this study, this may be attributed to the fact that all patients
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received anti-HBV treatment. It is worth mentioning that Hu et al suggested that the prognosis of HBV-related HCC
patients with elevated baseline HBV loads could potentially improve after receiving anti-HBV treatment.*®

Despite models demonstrating satisfactory discriminatory ability and prognostic value, our study still has several
limitations. Firstly, it is important to note that our study was a retrospective study, which introduces the possibility
of selective bias. Secondly, the two nomogram models were developed based on data from HBV-related HCC
patients, and it remains unknown whether these models would apply to other non-HBV-infected HCC patients.
Additionally, a prospective, large-sample, and multicenter study is needed to validate the two novel nomogram
models in the future.

Conclusion

Pretreatment non-invasive biomarkers were independent risk factors for PVTT event, OS, and PFS in HBV-related HCC
patients without PVTT. In our study, approximately 13.3% of patients experienced PVTT events, and patients with PVTT
had poorer OS and PFS than those without PVTT. We successfully developed two nomogram models to predict both PFS
and OS for HBV-related HCC patients without PVTT. Models have good prediction performance, and superior net
benefit in clinical applications than traditional staging systems, which have been internally and externally validated. They
can distinguish patients with different prognoses, and their discriminatory ability remained consistently satisfactory even
among patients within the same BCLC stages.
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