
Heliyon 9 (2023) e20850

Available online 10 October 2023
2405-8440/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Survival analysis and development of a prognostic nomogram for 
patients with hepatitis B virus-associated 
hepatocellular carcinoma 

Jianjun Wang a,1, Kexin Wang b,1, Chun Chen c,1, Yuting Xiong b,1, Chang Guo a,1, 
Chunyan Wang a, Wucai Yang a, Yiming Fu a, Min Su a, Shuyao Li a, Dong Ji a,b,c,* 

a Senior Department of Hepatology, Fifth Medical Center of Chinese PLA General Hospital, Beijing, 100039, China 
b 307 Clinical Medical College of PLA, Anhui Medical University, Beijing, 100071, China 
c The Second School of Clinical Medicine, Southern Medical University, Guangzhou, 510515, China   

A R T I C L E  I N F O   

Keywords: 
Prediction 
The time-to-event analysis 
Hepatitis B virus 
Hepatocellular carcinoma 
Prognosis 

A B S T R A C T   

Background and aims: Hepatitis B virus (HBV) is a common cause of hepatocellular carcinoma 
(HCC) in China, and this study aimed to identify high-risk factors for overall survival and develop 
a nomogram prediction model. 
Methods: In the present retrospective cohort study, patients with HBV-associated HCC diagnosed 
from January 2009 to December 2018 were enrolled. Their clinical characteristics and time-to- 
event information were retrieved from electronic medical records. The zero time was the date 
of HCC diagnosis, and the endpoint was death or liver transplantation. Multivariable COX pro-
portional hazard regression was used to screen independent risk factors for overall survival; then 
a nomogram model was developed to predict the survival probability of HCC patients. 
Results: A total of 1723 patients were enrolled, with 82.7 % male and a median age of 54.0 years. 
During a median follow-up time of 41.3 months, 672 cases (39.0 %) died. Age ≥60 years (HR =
1.209), Male (HR = 1.293), ALB <35 g/L (HR = 1.491), AST ≥80 U/L (HR = 1.818); AFP 20–400 
ng/mL (HR = 2.284), AFP ≥400 ng/mL (HR = 2.746); LSM 9–22 kPa (HR = 2.266), LSM ≥22 kPa 
(HR = 4.326); BCLC stage B/C (HR = 4.079) and BCLC stage D (HR = 16.830) were the inde-
pendent high-risk factors associated with HCC survival. A prognostic nomogram with a consis-
tency index of 0.842 (95 % CI: 0.827–0.858) was developed. The calibration curve for long-term 
survival rate fitted well. 
Conclusions: This study identified independent risk factors affecting the survival of patients with 
HBV-associated HCC and constructed a predictive nomogram model, which can individually 
predict the overall survival and has good clinical application value.   

1. Introduction 

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors in the world, accounting for the third place in cancer 
deaths [1,2], and chronic hepatitis B virus (HBV) infection is the leading cause of HCC incidence in China [3]. There have been many 
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examinations aiming at screening individuals at high risk of HCC, and the therapeutic effect is increasing. Models such as REACH-B, 
mPAGE-B, THRI, etc. [4–6], which apply to patients with chronic HBV infection, may allow screening high-risk HCC populations. It is 
clinically essential to clarify the prognostic factors of HCC patients and to individualize the assessment of survival. However, a survival 
prediction model for patients with HBV-associated HCC is currently lacking. The nomogram, which creates a simple graphical rep-
resentation of a statistical predictive model that generates a numerical probability of a clinical event, is often used in the identification 
and stratification of patients due to its user-friendly interfaces [7]. Previous studies proved that nomograms could be used as a sta-
tistical tool for predicting the prognosis of liver cancer. For example, He et al. plotted and validated the nomogram, which predicted 
the survival of liver cancer patients after recurrence with a c-index as high as 0.797 [8]. Shim et al. established a predictive nomogram 
with a c-index of 0.69 based on data from 1085 patients with early-stage HCC who underwent curative resection at the Asan Liver 
Center [9]. Kong et al. predicted the prognosis of young adults with HCC using a nomogram-validated model, and the c-index was 
0.786 (95 % CI: 0.759–0.813) [10]. In the present study, we retrospectively collected the medical records of patients with 
HBV-associated HCC and performed time-to-event analysis, aiming to explore the risk factors for overall survival (OS) and to construct 
a nomogram predicting patients’ 1-, 3-, and 5-year OS, which could help to individualize the assessment of clinical outcomes of HCC. 

2. Methods 

2.1. Study design and patients 

In this retrospective noninterventional cohort study, we enrolled the hospitalized patients admitted to the Fifth Medical Center of 
Chinese PLA General Hospital from January 2009 to December 2018 with HBV-associated HCC according to electronic medical re-
cords. The inclusion criteria were: (1) aged over 18 years old; (2) diagnosed as HBV-associated HCC according to the guidelines for the 
diagnosis and treatment of chronic hepatitis B (CHB) [11] and primary liver cancer in China (2010 Edition) [12]; (3) received nucleos 
(t)ide analogues (NAs) treatment. Patients were excluded if they had any of the following conditions: (1) did not achieve sustained 
virological response (SVR) defined as HBV DNA <20 IU/mL after NAs treatment; (2) with other etiologies (e.g., other viral hepatitis, 
autoimmune liver disease, alcoholic liver disease or fatty liver disease, etc.); (3) secondary liver cancer or other malignant tumors; (4) 
incomplete follow-up information. Using the time of HCC diagnosis as the starting point and death or liver transplantation as the 
endpoint events, the follow-up cutoff was January 1, 2021. All enrolled patients were randomly assigned to either the training cohort 
for nomogram development or the validation cohort to confirm the model’s performance at a ratio of 3 to 1. This study was approved 
by the Ethics Committee of the Fifth Medical Center of the Chinese PLA General Hospital (No. 2020055D). 

2.2. Clinical characteristics 

The demographic features (age, gender, family history, etc.), laboratory characteristics (alpha-fetoprotein [AFP], total bilirubin 
[TBIL], serum alanine aminotransferase [ALT], aspartate aminotransferase [AST], albumin [ALB], platelet [PLT], hepatitis B sero-
logical markers), and liver stiffness measurement (LSM) values at the time of HCC diagnosis were collected as baseline data. The LSM 
values were categorized into <9, 9–22, and ≥22 kPa groups [11]. The corresponding treatment was performed according to Barcelona 
Clinic Liver Cancer classification (BCLC) [13], and all patients were followed up until the endpoint event occurred or the follow-up 
time expired. 

2.3. Statistical analysis 

Statistical software R (4.0.4) was used for data processing and analysis. Continuous variables were expressed as mean ± standard 
deviation (SD) or median with the corresponding interquartile range (IQR) and were compared using either Student’s t-test or the 
Mann-Whitney U test if appropriate. Categorical variables were compared using the chi-squared test or Fisher’s exact test. Survival 
analysis was performed by Kaplan-Meier curve and compared by log-rank test. Variables of significance in univariate analysis were 
included in multivariable COX regression to screen the risk factors associated with survival with its hazard ratio (HR) and 95 % 
confidence interval (CI). A P-value of <0.05 was considered statistically significant. 

Then, a prognostic nomogram was established using the RMS package in R through the training cohort. The predictive performance 
of the nomogram was measured by the concordance index (C-index) and calibration with 1000-time bootstrapping to decrease the 
overfit bias using the rms package in R through the validation cohort. 

Finally, the performance of the nomogram model was assessed using receiver operating characteristic (ROC) curve, which are a plot 
of sensitivity versus 1-specificity for all possible cutoff values. The area under the ROC curve (AUROC) were verified again by 200-time 
10-fold cross-validation and time-dependent ROC analysis. 

3. Result 

3.1. Baseline characteristics 

A total of 2798 patients diagnosed with liver cancer were screened, 238 (8.5 %) with other etiologies, 127 (4.5 %) with non-HCC 
cancer, 256 (9.1 %) not achieving SVR, 169 (6.1 %) not receiving NAs treatment due to undetectable HBV DNA at HCC diagnosis, and 
285 (10.2 %) with incomplete data or lost were excluded. Therefore, 1723 patients were enrolled in this study with a median age of 

J. Wang et al.                                                                                                                                                                                                           



Heliyon 9 (2023) e20850

3

54.0 years (Fig. 1). Among them, 1425 (82.7 %) were male, 211 patients (12.2 %) had diabetes mellitus, and 835 (48.5 %) had positive 
HBeAg. BCLC stages were as follows: 827 (48.0 %) in stage 0/A, 835 (48.5 %) in stage B/C, and 61 (3.5 %) in stage D (Table 1). 

3.2. Risk factors influencing the prognosis of chronic HBV-associated HCC 

During a median follow-up time of 41.3 months, 672 cases (39.0 %) died and 1051 (61.0 %) survived. The multivariable COX 
regression identified that Age ≥60 years (HR = 1.209, 95 % CI: 1.027–1.424), Male (HR = 1.293, 95 % CI: 1.025–1.631), ALB <35 g/L 
(HR = 1.491, 95 % CI: 1.248–1.780), AST ≥80 U/L (HR = 1.818, 95 % CI: 1.517–2.177); AFP 20–400 ng/mL (HR = 2.284, 95 % CI: 
1.830–2.852), AFP ≥400 ng/mL (HR = 2.746, 95 % CI: 2.168–3.479); LSM 9–22 kPa (HR = 2.266, 95 % CI: 1.684–3.049), LSM ≥22 
kPa (HR = 4.326, 95 % CI: 3.201–5.847); BCLC stage B/C (HR = 4.079, 95 % CI: 3.348–4.971) and BCLC stage D (HR = 16.830, 95 % 
CI: 12.048–23.509) were the independent risk factors associated with HCC survival (p < 0.05) (Fig. 2 and supplementary Table 1). 

3.3. Survival analysis 

The Kaplan-Meier curve was plotted using the independent risk factors mentioned above based on the entire enrolled patients. The 
results showed the median survival time (months) of age ≥60 years subgroup (41.6 months) was significantly shorter than its 
counterpart subgroup (71.9 months); that of male (57.4 months) was significantly shorter than its counterpart subgroup (82.1 
months); that of ALB <35 g/L (112.4 months) was significantly shorter than its counterpart subgroup (16.2 months); that of AST ≥80 
U/L (6.9 months) was significantly shorter than its counterpart subgroup (89.0 months). As AFP levels increased, the median survival 
time gradually shortened (that of AFP <20 ng/mL did not reach, that of AFP between 20 and 400 ng/mL was 35.8 months, that of AFP 
≥400 ng/mL was 12.0 months). The higher the LSM value, the shorter the median survival period (that of LSM ≤9.0 kPa did not reach, 
that of LSM between 9 and 22 kPa was 79.7 months, and that of LSM ≥22 kPa was 10.2 months). Regarding BCLC stages, the median 
survival time of stage 0/A did not reach, stage B/C was 12.5 months, and stage D was 3.0 months (Fig. 3). 

3.4. Nomogram construction and validation 

All enrolled patients were randomly assigned to either the training cohort or validation cohort at a ratio of 3 to 1, there was no 
significant difference between these two groups (Table 2). The univariable and multivariable COX regression were performed to 
investigate the high-risk factors through the training cohort (supplementary Table 2), which were then incorporated into a nomogram 
to establish a prognostic prediction model with the C-index of 0.842 (95 % CI: 0.827–0.858) (Fig. 4A). Furthermore, the calibration 
curve was shown to be close to the ideal curve (diagonal) in both training cohort and validation cohort, indicating that the predicted 
values of the model were consistent with the actual observed values and also indicating that the accuracy of the nomogram model 
prediction was good (Fig. 4B and C). 

In addition, the individual probability for survival was calculated according to the established nomogram model, and was assessed 
by time-depended ROC analysis (Fig. 5A–B). The 200-time 10-fold cross-validation showed that the 1-, 3-, and 5-year average AUROC 
values were 0.896 (IQR: 0.874–0.915), 0.893 (IQR: 0.867–0.916), and 0.904 (IQR: 0.877–0.927) in the training cohort (Fig. 5C), and 

Fig. 1. Inclusion and exclusion diagram of the study population. HCC, Hepatocellular carcinoma; NAs, nucleos(t)ide analogues; BCLC, Barcelona 
Clinic Liver Cancer; SVR, sustained virological response defined as HBV DNA <20 IU/mL. 
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Table 1 
Baseline clinical characteristics of the enrolled patients with HBV-associated HCC.   

Entire patients 

Overall (n = 1723) Survival (n = 1051) Death/LT (n = 672) P 

Age (years) 54.0 (47.0, 61.0) 53.0 (46.0, 60.0) 54.0 (47.8, 62.0) 0.038 
Age ≥60 years † 503 (29.2) 282 (26.8) 221 (32.9) 0.008 
Male † 1425 (82.7) 838 (79.7) 587 (87.4) <0.001 
DM † 211 (12.2) 121 (11.5) 90 (13.4) 0.319 
HBsAg (IU/ml) 5663 (3382, 6983) 5658 (3431, 6923) 5676 (3256, 7088) 0.246 
HBeAg positive † 835 (48.5) 530 (50.4) 305 (45.4) 0.058 
ALT (U/L) ≥ 80 U/L † 293 (17.0) 165 (15.7) 128 (19.0) 0.082 
AST ≥80 U/L † 397 (23.0) 146 (13.9) 251 (37.4) <0.001 
ALB ≥35 g/L † 1024 (59.4) 732 (69.6) 292 (43.5) <0.001 
TBIL ≥34 μmol/L † 291 (16.9) 100 (9.5) 191 (28.4) <0.001 
PLT ≥100 × 109/L † 1013 (58.8) 699 (66.5) 314 (46.7) <0.001 
LSM † <0.001 

<9 kPa 417 (24.2) 365 (34.7) 52 (7.8)  
9–22 kPa 887 (51.5) 591 (56.2) 296 (44.0)  
≥22 kPa 419 (24.3) 95 (9.1) 324 (48.2)  

AFP † <0.001 
<20 ng/mL 636 (36.9) 521 (49.6) 115 (17.1)  
20–400 ng/mL 606 (35.2) 309 (29.4) 297 (44.2)  
≥400 ng/mL 481 (27.9) 221 (21.0) 260 (38.7)  

BCLC † <0.001 
0/A 827 (48.0) 674 (64.1) 153 (22.8)  
B/C 835 (48.5) 373 (35.5) 462 (68.7)  
D 61 (3.5) 4 (0.4) 57 (8.5)  

DM, diabetes mellitus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB albumin; TBIL, total bilirubin; PLT, platelet; LSM, liver 
stiffness measurement; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LT, liver transplantation. 
†n, (%). 

Fig. 2. High-risk factors for the overall survival of HBV-associated HCC. Each square represents the estimated HR, the horizontal lines represent the 
95 % CIs. References for various factors (HR = 1): PLT ≥100 × 109/L; TBIL ≤34 μmol/L; Female; ALB ≥35 g/L; AST ≤80 U/L; AFP ≤20 ng/mL; LSM 
≤9.0 kPa; BCLC stage 0/A. ALB albumin; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LSM, liver 
stiffness measurement; PLT, platelet; TBIL, total bilirubin; HR, hazard ratio; CI, confidence interval. 
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Fig. 3. Kaplan-Meier curve analysis of independent risk factors for overall survival. P values were estimated by log-rank test. Groups were compared 
using the log-rank test. 0 in the X-axis indicates the time when HCC was diagnosed. 
ALB albumin; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LSM, liver stiffness measurement. 

Table 2 
The comparison between the training and validation cohort.   

Training cohort Validation cohort 

Total (n = 1292) Survival (n = 784) Death/LT (n = 508) P Total (n = 431) P‡

Age (years) 54.0 (47.0, 61.0) 53.0 (46.0, 60.0) 54.0 (48.0, 62.0) 0.060 53.0 (46.5, 60.0) 0.379 
Age ≥60 years † 384 (29.7) 213 (27.2) 171 (33.7) 0.015 119 (27.6) 0.439 
Male † 1061 (82.1) 620 (79.1) 441 (86.8) 0.001 364 (84.5) 0.300 
DM † 165 (12.8) 96 (12.2) 69 (13.6) 0.583 46 (10.7) 0.305 
HBsAg (IU/ml) 5672 (3330, 7004) 5662 (3258, 6940) 5681 (3395, 7096) 0.285 5656 (3411, 6907) 0.588 
HBeAg positive † 641 (49.6) 407 (51.9) 234 (46.1) 0.068 194 (45.0) 0.165 
ALT (U/L) ≥ 80 U/L † 217 (16.8) 125 (15.9) 92 (18.1) 0.347 76 (17.6) 0.744 
AST ≥80 U/L † 304 (23.5) 110 (14.0) 194 (38.2) <0.001 93 (21.6) 0.443 
ALB ≥35 g/L † 759 (58.7) 541 (69.0) 218 (42.9) <0.001 265 (61.5) 0.344 
TBIL ≥34 μmol/L † 215 (16.6) 69 (8.8) 146 (28.7) <0.001 76 (17.6) 0.688 
PLT ≥100 × 109/L † 763 (59.1) 520 (66.3) 243 (47.8) <0.001 250 (58.0) 0.743 
LSM † <0.001  0.790 
<9 kPa 308 (23.8) 265 (33.8) 43 (8.5)  109 (25.3)  
9–22 kPa 666 (51.6) 438 (55.9) 228 (44.9)  221 (51.3)  
≥22 kPa 318 (24.6) 81 (10.3) 237 (46.6)  101 (23.4)  
AFP † <0.001  0.728 
<20 ng/mL 470 (36.4) 386 (49.2) 84 (16.5)  166 (38.5)  
20–400 ng/mL 458 (35.4) 234 (29.9) 224 (44.1)  148 (34.3)  
≥400 ng/mL 364 (28.2) 164 (20.9) 200 (39.4)  117 (27.2)  
BCLC † <0.001  0.872 
0/A 621 (48.1) 506 (64.5) 115 (22.6)  206 (47.8)  
B/C 627 (48.5) 276 (35.2) 351 (69.1)  208 (48.3)  
D 44 (3.4) 2 (0.3) 42 (8.3)  17 (3.9)  

DM, diabetes mellitus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALB albumin; TBIL, total bilirubin; PLT, platelet; LSM, liver 
stiffness measurement; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer. 
†n, (%); ‡ Comparison between the training and validation group. 
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0.905 (IQR: 0.864–0.940), 0.893 (IQR: 0.847–0.934), 0.904 (IQR: 0.850–0.920) in the validation cohort, respectively, indicating the 
strong repeatability of the nomogram model (Fig. 5D). 

4. Discussion 

The present retrospective study identified that age, male, ALB, AST, AFP, LSM, and BCLC stage were the risk factors for the 
prognosis of HCC, then established a prognosis prediction nomogram. 

Age and sex play an essential role in studying the risk of HCC. The commonly used risk stratification models of HCC, such as 
REACH-B, mPAGE-B, THRI, etc., all contain age factors [14,15]. A previous study including 1110 HCC patients revealed male had 
significantly worse prognosis than female independent of tumor stage or liver disease severity regarding OS and treatment response 
[16]. These results were in accord with the ours. 

ALB reflects the biosynthetic ability of the liver. It was initially included in the Child-Pugh score to assess liver function and predict 
the prognosis of liver cancer surgery [17]. In recent years, it has been included in the Albumin Bilirubin score to predict postoperative 
liver failure (PHLF) and OS in patients with liver cancer surgery [18]. The present study found that ALB is an independent prognostic 
risk factor for HBV-associated HCC, ALB below 35 g/L can significantly decrease the OS rate of HCC. 

AFP is the most commonly used biomarker in diagnosing HCC and is associated with poor patient outcomes [19,20], consistent 
with our result. A previous study revealed that AFP exerted its growth-promoting effect on HCC by suppressing the 
Fas/FADD-mediated extrinsic apoptotic pathway, and suggested that blockade of AFP might be a promising strategy to treat advanced 
HCC [21]. On the other hand, AFP levels remain normal in 15–30 % advanced HCC, and its elevation can also occur in benign liver 
diseases, such as hepatitis and cirrhosis [22]. Therefore, it is necessary to combine AFP with other parameters for early detection and 
the prognosis of HCC, which is the meaningfulness of the present study. 

AST is a reliable and sensitive biochemical marker of liver injury [23]. Damaged mitochondria can lead to a significant release of 
AST; at the same time, liver fibrosis or cirrhosis can also reduce the clearance rate of AST, which indicates that AST is always associated 
with liver fibrosis. In addition, previous studies found that HCC patients with high AST levels had lower survival rates, possibly because 
the invasion of cancer cells leads to mass necrosis of normal liver cells and fibrosis progression [24–26]. 

LSM can reflect the level of liver fibrosis. In recent years, the value of LSM has gradually emerged in the risk stratification of HCC. 
Previous studies have shown that the incidence of HCC is related to portal vein pressure or LSM [27]. The higher the LSM, the higher 
the incidence of HCC [28–31]. Our research also demonstrated that LSM can be used to evaluate the long-term prognosis of patients 
with HCC. 

The BCLC staging is currently a better system that combines tumor staging, treatment regimen, and expected survival and has an 
excellent guiding significance for the treatment of HCC. Some studies have shown that the overall 5-year survival rate of patients with 
early BCLC HCC can be as high as 69.0–86.2 % [32]. In the present study BCLC staging combined with above-mentioned factors can 
further improve its prognostic ability. 

Nomograms are widely used for cancer prognosis, primarily because of their ability to reduce statistical predictive models into a 
single numerical estimate of the probability of an event, such as death or recurrence, tailored to the profile of an individual patient. 
User-friendly graphical interfaces for generating these estimates facilitate the use of nomograms during clinical encounters to inform 
clinical decision-making. The now-established nomogram model is of particular importance regarding HCC individual stratification 
management, for example, the option of treatment strategy, the timely administration of tyrosine kinase inhibitors (TKIs) or immune 
checkpoint inhibitors (ICIs), and follow-up intervals of surveillance, etc. 

There are still some limitations in this study. First and foremost, this was a single-center retrospective analysis. Due to the inherent 
characteristics of retrospective study, selection bias might exist, and further studies are warranted to verify the reliability of the 
nomogram model. In fact, the present study contained a large sample size with a long follow-up duration and adopted multiple sta-
tistical methods to test the discrimination and calibration of the established model, which might overcome the above shortage 
somehow and therefore provide robust results. Last but not least, the impact of different treatment regimens on prognosis has not been 
completely evaluated, although the enrolled patients received standardized treatment according to the BCLC stage. Nevertheless, in a 
real-world setting, the treatment strategies for advanced HCC were more complex than expected and hard to classify to a certain 
treatment group. For example, patients might receive ablation followed by TACE and the combination therapy of TKIs and ICIs during 
their prolonged life span. The purpose of the study is just to establish a prognostic prediction model to guide the subsequent treatment 
after the first diagnosis of HCC. 

In summary, this study identified independent risk factors affecting the overall survival of patients with HBV-associated HCC, such 
as age, sex, ALB, AST, AFP, LSM, and BCLC staging. Based on the above factors, a predictive nomogram model was constructed, which 
can individually predict the long-term survival of such patients and has good clinical application value. 

Fig. 4. Discrimination and calibration of the nomogram model to predict the survival probability of HBV-related HCC. (A) The Discrimination of 
established nomogram model. The value of each variable is given a certain score on a point scale from 0 to 100, to use the nomogram, find the 
position of each variable on the corresponding axis, draw a line to the points axis for the number of points, add the points from all of the variables, 
and project the total points to the lower risk lines to determine the 1-, 3-, or 5- year survival probabilities. (B) Calibration of the predictive per-
formance of the nomogram in the training cohort by 1000-time bootstrapping; (C) Calibration of the predictive performance of the nomogram in the 
validation cohort by 1000-time bootstrapping. 
ALB albumin; AST, aspartate aminotransferase; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; LSM, liver stiffness measurement. 
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Fig. 5. Prediction performance of the nomogram model by ROC analyses. (A) Time-dependent ROC in the training cohort; (B) Time-dependent ROC 
in the validation cohort; (C) The 200-time 10-fold cross-validation in the training cohort; (D) The 200-time 10-fold cross-validation in the validation 
cohort. 
The histogram represents the AUROC distribution after 2000 validation calculations (200-time 10-fold). AUROC: Area Under the Receiver Oper-
ating Curve. 
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Supplementary Table 1High-risk factors for the survival of HBV-related HCC on entire enrolled patients   

Univariable Multivariable  

HR (95%CI) P HR (95%CI) P 

Age ≥60 years 1.292 (1.100–1.518) 0.002 1.209 (1.027–1.424) 0.023 
Male 1.470 (1.171–1.845) 0.001 1.293 (1.025–1.631) 0.030 
ALB <35 g/L 2.826 (2.424–3.295) <0.001 1.491 (1.248–1.780) <0.001 
AST ≥80 U/L 3.863 (3.292–4.532) <0.001 1.818 (1.517–2.177) <0.001 
TBIL ≥34 μmol/L 2.975 (2.514–3.521) <0.001 1.174 (0.964–1.430) 0.111 
PLT <100 × 109/L 1.669 (1.434–1.942) <0.001 1.114 (0.946–1.313) 0.196 
AFP (take <20 ng/mL as a reference) 
20–400 ng/mL 3.505 (2.825–4.349) <0.001 2.284 (1.830–2.852) <0.001 
≥400 ng/mL 5.724 (4.583–7.149) <0.001 2.746 (2.168–3.479) <0.001 
LSM (take <9 kPa as a reference) 
9–22 kPa 2.846 (2.120–3.822) <0.001 2.266 (1.684–3.049) <0.001 
≥22 kPa 8.333 (6.213–11.176) <0.001 4.326 (3.201–5.847) <0.001 
BCLC (take 0/A as a reference) 
B/C 6.386 (5.292–7.706) <0.001 4.079 (3.348–4.971) <0.001 
D 27.574 (20.173–37.690) <0.001 16.830 (12.048–23.509) <0.001 

Note: ALB albumin; AST, aspartate aminotransferase; TBIL, total bilirubin; PLT, platelet; AFP, alpha-fetoprotein; LSM, liver stiffness measurement; 
BCLC, Barcelona Clinic Liver Cancer; HR, hazard ratio; CI, confidence interval. Supplementary Table 2 
High-risk factors for the survival of HBV-related HCC on the training cohort   

Univariable Multivariable  

HR (95 % CI) P HR (95 % CI) P 

AGE ≥60 years 1.270 (1.064–1.537) 0.009 1.324 (1.097–1.579) 0.003 
Male 1.489 (1.151–1.925) 0.002 1.317 (1.012–1.714) 0.040 
ALB <35 g/L 2.867 (2.401–3.423) <0.001 1.512 (1.227–1.864) <0.001 
AST ≥80 U/L 4.016 (3.342–4.827) <0.001 1.812 (1.469–2.235) <0.001 
TBIL ≥34 μmol/L 3.122 (2.573–3.788) <0.001 1.203 (0.956–1.514) 0.114 
PLT <100 × 109/L 1.605 (1.349–1.911) <0.001 1.055 (0.874–1.273) 0.578 
AFP (take <20 ng/mL as a reference) 
20–400 ng/mL 3.664 (2.849–4.712) <0.001 2.414 (1.864–3.125) <0.001 
≥400 ng/mL 5.969 (4.610–7.728) <0.001 2.805 (2.125–3.702) <0.001 
LSM (take <9 kPa as a reference) 
9–22 kPa 2.578 (1.861–3.571) <0.001 2.040 (1.496–2.833) <0.001 
≥22 kPa 7.092 (5.121–9.821) <0.001 3.584 (2.563–5.012) <0.001 
BCLC (take 0/A as a reference) 
B/C 6.495 (5.231–8.064) <0.001 4.175 (3.325–5.243) <0.001 
D 35.285 (24.387–51.053) <0.001 15.456 (10.389–22.995) <0.001 

Note: ALB albumin; AST, aspartate aminotransferase; TBIL, total bilirubin; PLT, platelet; AFP, alpha-fetoprotein; LSM, liver stiffness measurement; 
BCLC, Barcelona Clinic Liver Cancer; HR, hazard ratio; CI, confidence interval. 
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