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n = 1597; validation cohort, n = 684). The nomogram was built in the training cohort via Cox regression
model and validated in the validation cohort.
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Conclusions: The nomogram we constructed showed good performance in predicting the 1-year survival rate
for HBV- related HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) carries a high malignancy and
death rate [1]. At the time of diagnosis, the majority of HCC is in an
advanced stage with a poor prognosis [2]. Therefore, current research
is focused on enhancing the prognosis and efficacy monitoring of
HCC.

Today, the development of programmed death 1 (PD-1)/pro-
grammed death ligand 1 (PD-L1) inhibitors provides HCC patients
with new daybreak. With a median overall survival (mOS) of 19.2
months, the combination of atezolizumab and bevacizumab has
emerged as the standard of care for HCC [3]. Our prior research also
indicated that radiotherapy combined with tislelizumab and lenvati-
nib could increase the survival of patients with advanced HCC
(median progression-free survival, mPFS = 10.2 months; mOS = 20.3
months) [4]. Furthermore, selective internal radiation therapy (SIRT),
surgery, transcatheter arterial chemoembolization (TACE), and other

Table 1
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treatment techniques have promising therapeutic outcomes in HCC
[5-7].

The prognosis of HCC has been improved, but unfortunately, the
patients are still prone to short- term recurrence even after undergo-
ing radical surgery. In addition, HBV infection is the major cause of
HCC in the Asia-Pacific region, including China, Japan, and South
Korea [8,9]. Therefore, it is important to develop new treatment strat-
egies and regular monitoring to improve the long-term survival rate
of HBV-related HCC patients.

At present, several staging systems, such as the American Joint
Committee on Cancer (AJCC) [10], Okuda staging systems [11], Barce-
lona Clinic Liver Cancer (BCLC) [12], and albumin—bilirubin (ALBI)
[13], are being utilized to forecast the prognosis and direct the treat-
ment of HCC. However, the predictive ability of these methods is
restricted due to the fact that individual survival prognosis is depen-
dent on several variables, including age, pathological characteristics,
tumor diameter, clinical characteristics, radiotherapy, surgery, and

Baseline characteristics of the training cohort and validation cohort.

Variable Total Training cohort ~ Validation cohort  p
Patients 2281 1597 684
Male sex 1977 (86.7%)  1381(86.5%) 596 (87.1%) 0.671
Age > 65 years 801 (35.1%) 559 (35.0%) 242 (35.4%) 0.863
Smoking 1143 (50.1%) 807 (50.5%) 336 (49.1%) 0.537
Alcoholism 960 (42.1%) 673 (42.1%) 287 (42.0%) 0.936
Diabetes mellitus 215 (9.4%) 149 (9.3%) 66 (9.6%) 0.811
Hypertension 311 (13.6%) 227 (14.2%) 84(12.3%) 0.218
Cirrhosis 1352(59.3%) 960 (60.1%) 392 (57.3%) 0.212
Portal hypertension 727 (31.9%) 507 (31.7%) 220(32.2%) 0.845
Child—Pugh class 0.480
A 1670(73.2%)  1180(73.9%) 490 (71.6%)
B 550 (24.1%) 377 (23.6%) 173 (25.3%)
C 61 (2.7%) 40 (2.5%) 21(3.1%)
ALBI grade 0.027
1 715 (31.3%) 527 (33%) 188 (27.5%)
2 1386 (60.8%) 951 (59.5%) 435 (63.6%)
3 180 (7.9%) 119 (7.5%) 61 (8.9%)
Serum AFP, ng/ml 0.797
<200 1148 (50.3%)  811(50.8%) 337 (49.3%)
> 200, <400 149 (6.5%) 104 (6.5%) 45 (6.6%)
> 400 984 (43.1%) 682 (42.7%) 302 (44.2%)
Leukocyte >4 x 10°/L 1818(79.7%)  1270(79.5%) 548 (80.1%) 0.747
Platelet count > 100 x 109/L 1528 (67.0%) 1073 (67.2%) 455 (66.5%) 0.756
ALT levels > 40 U/L 1194 (52.3%)  837(52.4%) 357 (52.2%) 0.924
BCLC stage 0.661
0/A 428 (18.8%) 292 (18.3%) 136 (19.9%)
B 353 (15.5%) 247 (15.5%) 106 (15.5%)
C 1439(63.1%)  1018(63.7%) 421 (61.5%)
D 61(2.7%) 40 (2.5%) 21(3.1%)
Number of tumors > 2 1595 (69.9%)  1138(71.3%) 457 (66.8%) 0.034
Tumor diameter, cm 0.398
<3 407 (17.8%) 298 (18.7%) 109 (15.9%)
>3,<5 535 (23.5%) 365 (22.9%) 170 (24.9%)
>5,<10 819 (35.9%) 574 (35.9%) 245 (35.8%)
>10 520 (22.8%) 360 (22.5%) 160 (23.4%)
PVTT 910 (39.9%) 645 (40.4%) 265 (38.7%) 0.462
Lymph node metastasis 951 (41.7%) 666 (41.7%) 285 (41.7%) 0.987
Extrahepatic metastases 491 (21.5%) 346 (21.7%) 145 (21.2%) 0.804
Lung 308 (13.5%) 209 (13.1%) 99 (14.5%)
Bone 133 (5.8%) 90 (5.6%) 43 (6.3%)
Other 157 (6.9%) 119 (7.5%) 38(5.6%)
Treatments
Supportive care 506 (22.2%) 349 (21.9%) 157 (23.0%) 0.562
Liver resection 461 (20.2%) 324 (20.3%) 137 (20.0%) 0.888
Radiotherapy 209 (9.2%) 142 (8.9%) 67 (9.8%) 0.493
TACE 988 (43.3%) 707 (44.3%) 281 (41.1%) 0.159
RFA 159 (7.0%) 111 (7.0%) 48 (7.0%) 0.954
ICI 263 (11.5%) 177 (11.1%) 86 (12.6%) 0.307
Targeted therapy 213(9.3%) 144 (9.0%) 69 (10.1%) 0421
Chemotherapy 110 (4.8%) 80 (5.0%) 30 (4.4%) 0.524

ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC, Barcelona
Clinic Liver Cancer; PVTT, portal vein tumor thrombus; TACE, transcatheter arterial chemoemboliza-
tion; RFA, radiofrequency ablation; ICI, immune checkpoint inhibitor.
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chemotherapy [14,15]. Therefore, these parameters should be exam-
ined for improved HCC management.

A nomogram is a clinical prediction model based on multivari-
ate regression analysis, which can integrate multiple predictors to
better evaluate prognosis [16]. In addition, the nomogram can be
customized to calculate an individual’'s survival rate, therefore
it has potential clinical utility. Currently, HBV-related HCC has
generated a tremendous global burden of disease. However, there
is a scarcity of large-sample-size research to build nomograms of
HBV-related HCC.

We initiated this multicenter study to integrate important risk
factors to create a nomogram for HBV-related HCC for clinician deci-
sion-making.

2. Patients and Methods
2.1. Patients

From April 2011 to March 2022, we consecutively enrolled a total
of 2281 HBV-related HCC patients from 4 tertiary hospitals in China.
The inclusion criteria were as follows: a) complete clinical data; b)
age > 18 years; and c) clinically or pathologically diagnosed HCC.
Patients with hepatitis C virus (HCV), liver transplantation, and other
types of malignancies were excluded.

2.2. Data collection

We gathered patient information from the patient’s case file.
These data included age, sex, HBV, smoking, alcohol, alanine amino-
transferase (ALT), diabetes, hypertension, cirrhosis, portal vein tumor
thrombus (PVTT), portal hypertension, Child-Pugh class, albumin
—bilirubin, AFP, leukocyte, BCLC stage, tumor size, extrahepatic
metastasis, tumor number, lymph node metastasis, and treatments.
0S was defined as the time from the first day of treatment initiation
to the last follow-up or death.
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2.3. Statistical analysis

Categorical variables are expressed as percentages and absolute
values and analyzed by the chi-square ()?) test. We divided all
patients into two groups at random in a 7:3 ratio (training cohort,
n = 1597, validation cohort, n = 684). We first performed univariate
Cox analysis in the validation cohort to identify prognostic indicators
(p < 0.05) and then we introduced them into multivariate Cox analy-
sis to identify independent influencing factors. Following that, we
developed a new nomogram to predict 1-, 2-, and 3-year survival
rates based on independent prognostic factors influencing OS. To val-
idate the nomogram, concordance index (C-index), calibration curves
(1000 bootstrap resamples), decision curve analyses (DCA), receiver
operating characteristics (ROC) curve, and nomogram risk score were
used. Patients were divided into three groups (high risk, moderate
risk, and low risk) based on the x- tile risk score with the best cut-off
value (Yale University, New Haven, CT). R 3.3.2 software and SPSS
(version 26.0) were used for all statistical analyses. Two-sided P <
0.05 were considered statistically significant.

2.4. Ethical statements

This retrospective study was approved by the Ethics Committee of
The Affiliated Hospital of Southwest Medical University (approval
number KY2020254) and complied with the standards of the Declara-
tion of Helsinki. The Ethics Committee waived the requirement for
informed consent because of the retrospective study.

3. Results
3.1. Patient characteristics and overall survival

Our study included 2281 HBV-related HCC patients (training
cohort, n = 1597; validation cohort, n = 684). The percentages of age
> 65 years, child A, male, AFP < 200 ng/ml, and ALBI-2 grade were
35.1%, 73.2%, 86.7%, 50.3%, and 60.8%, respectively. Moreover, the
majority of patients have multiple tumors (69.9%) and are at stage C
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Fig. 1. The median overall survival of all patients was 24.9 (22.2—28.9) months.
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Table 2
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Univariate and multivariate Cox analysis of overall survival in the training cohort Univariable Cox regression Multivariable

Cox regression.

HR 95%Cl p HR 95%Cl p
Sex (male/female) 1.384 1.110-1.726 0.004 1171 0.925-1483  0.190
Age (>60/<60 years) 0.848 0.732—-0.983 0.029 0931  0.798-1.087  0.366
Smoking (positive/negative) 1.203 1.047-1.382 0.009 1.035 0.891-1.202  0.655
Alcoholism (positive/negative) 1.137 0.989-1.306 0.071
Diabetes mellitus (positive/negative) 1.124 0.893-1.417 0319
Hypertension (positive/negative) 0.754 0.608-0.934 0.010 0.933 0.749-1.163 0.536
Cirrhosis (positive/negative) 1.147 0.994-1.323 0.061

Portal hypertension (positive/negative)  1.391 1.204-1.608 <0.001 1.098  0.942-1.281 0.232
Child-Pugh class <0.001 <0.001
A 1.000 1.000
B 2.018 1.732-2.351 <0.001 1477  1.226-1.780 <0.001
C 4.655 3.299-6.569 <0.001 4567 2.615-7.978 <0.001
ALBI grade < 0.001 0.284
1 1.000 1.000
2 1.500 1.280-1.759 <0.001 0977 0.819-1.166  0.797
3 2.994 2.333-3.843 <0.001 0.770  0.546-1.084  0.134
Serum AFP, ng/ml <0.001 0.645
<200 1.000 1.000
> 200, < 400 1.049 0.777-1.418 0.754 1.108  0.817-1.503  0.510
> 400 1.526 1.322-1.761 <0.001 1.064 0914-1240 0423
Leukocyte (<4000/>4000/uL) 1.125 0.946-1.338 0.182
Platelet (<100,000/>100,000/1.L) 1.140 0.982-1.323 0.084
ALT (>40/<40U/L) 1.690 1.467-1.948 <0.001 1.282  1.105-1.487  0.001
BCLC stage <0.001 0.288
0/A 1.000 1.000
B 1.800 1.315-2.464 <0.001 0.949 0.660-1.364 0.776
C 3.745 2.904-4.830 <0.001 1.189 0.843-1.679 0324
D 10.825  7.166-16.352  <0.001 1.189  0.843-1.679 0324
Number of tumor (>2/<2) 2.103 1.763-2.510 <0.001 1522  1.241-1.867 <0.001
Tumor diameter, cm <0.001 <0.001
<3 1.000 1.000
>3,<5 1.301 1.008-1.680 0.043 1.123  0.863-1.462  0.387
>5,<10 2.125 1.696-2.663 <0.001 1.539 1.209-1959  <0.001
>10 3.124 2.468-3.953 <0.001 1734  1.336-2.25 <0.001
PVTT (positive/negative) 2.347 2.042-2.698 <0.001 1340 1.120-1.602  0.001
Lymph node metastasis (yes/no) 1.972 1.716-2.266 <0.001 1.183 0.995-1.407  0.057
Extrahepatic metastases (yes/no) 1.755 1.503-2.049 <0.001 1.240 1.045-1472 0.014
Treatment <0.001 <0.001
Supportive care 1.000 1.000
Surgery 0.223 0.164-0.303 <0.001 0348  0.253-0477  <0.001
Radiotherapy 0.396 0.276—-0.566 <0.001 0547 0.378-0.792  0.001
RFA 0.075 0.031-0.183 <0.001 0139 0.057-0.340 <0.001
TACE 0.649 0.545-0.772 <0.001 0.621 0.518-0.746  <0.001
ICI plus targeted therapy 0.962 0.681-1.357 0.824 0912  0.635-1.309 0.616
TACE plus ICI 0.549 0.363—-0.830 0.004 0448  0.294-0.684  <0.001
Adjuvant TACE 0.156 0.091-0.267 <0.001 0.232  0.134-0.401 <0.001
Other 0.414 0.332-0.516 <0.001 0454 0.363-0.570 <0.001

ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; PVTT,
portal vein tumor thrombus; TACE, transcatheter arterial chemoembolization; RFA, radiofrequency ablation; ICI, immune

checkpoint inhibitor.

of BCLC (63.1%). The baseline characteristics of the training and vali-
dation cohort are shown in Table 1. As of May 2022, a total of 1145
(50.2%) patients died in this study. The median follow-up time was
28.6 (27.1-30.1) months, and the mOS was 24.9 (22.2—28.9) months
(Fig. 1).

3.2. Univariate and multivariate Cox analyses

In the training cohort, univariate and multivariate Cox analyses
revealed that Child—Pugh class, ALT level, tumor number, tumor
diameter, PVTT, extrahepatic metastases, and treatment (all p < 0.05)
were independent prognostic factors affecting OS (Table 2).

3.3. Construction and validation of a nomogram

We constructed a nomogram based on independent influencing
factors identified in the multivariate analysis to predict 1-, 2-, and 3-
year survival rates (Fig. 2). The C-index is 0.743 and 0.754 in the
training and validation cohort, respectively. The calibration curves

indicated good consistency in predicting 1-, 2-, and 3-year survival
rates between actual observations and nomogram predictions in the
training (Fig. 3A) and validation cohorts (Fig. 3B). The DCA curves of
1, 2, and 3-year survival rates also expressed promising potential for
clinical application in the training (Fig. 3C) and validation cohorts
(Fig. 3D). As shown by the DCA [17], the "all" and "none" represented
the assumption that all patients were alive and dead, respectively.
The net benefit of the nomogram was higher than that of treat none
or treat all strategies for the threshold probability within a range of
0.1-0.7.

The time ROC package of R software is used to draw ROC curve
and calculate AUC value [15]. The nomogram-related ROC curves of
the training cohort indicated that the area under the curve (AUC) val-
ues were 0.784, 0.788, and 0.779 in predicting 1-, 2-, and 3-year sur-
vival rates, respectively (Fig. 4A). In the validation cohort, the AUC
values of 1-, 2-, and 3-year survival rates were 0.809 (0.719—-0.901),
0.806 (0.706—0.855), and 0.764 (0.629-0.836), respectively, which
were higher than the single significant factor affecting the prognosis
of HBV-related HCC (Fig. 4B, Supplementary Fig. 1A—G).
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Fig. 2. Nomogram based on independent prognostic factors affecting survival. TACE, transcatheter arterial chemoembolization; ICI, immune checkpoint inhibitor; RFA, radiofre-

quency ablation; PVTT, portal vein tumor thrombus; ALT, alanine aminotransferase.

3.4. Risk stratification

We used nomograms to calculate the total point for each patient
and then used x-tile software to stratify the data. We divided all
HBV-related HCC patients into high-risk (> 211.68), moderate-risk
(141.19-211.68), and low-risk (< 141.19) groups based on the opti-
mal cut-off score determined by x- tile. Furthermore, in all cohorts,
low-risk groups stratified by risk scores exhibited longer mOS than
medium—high-risk groups (6.167 vs. 1.233 vs. 0.317 years, p < 0.001,
Fig. 5). Furthermore, similar results were achieved in the training and
validation cohorts (Supplementary Fig. 2A-B).
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4. Discussion

Currently, HBV is the leading cause of HCC in the Asia-Pacific
region [8,9]. We created and validated a prediction model for HBV-
related HCC in this large, multicenter, retrospective investigation.
The model, which included tumor burden, laboratory testing, and
treatment, performed well in terms of prediction. This assists doctors
in making clinical decisions on the management of HBV-related HCC.

At the moment, the introduction of immune checkpoint inhibitors
has created new opportunities for cancer patients. Various immuno-
therapy regimens, including atezolizumab + bevacizumab [3],
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Fig. 3. Calibration curves for predicting 1-, 2-, and 3-year survival rates in the training (A) and validation cohorts (B). Decision curve analyses (DCA) curves of 1-, 2-, and 3-year sur-

vival rates in the training (C) and validation cohorts (D).
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Fig. 4. Nomogram-related operating characteristics curve (ROC) curves for survival in the training (A) and validation cohorts (B).

lenvatinib + pembrolizumab [18], camrelizumab + apatinib [19], and
TACE + camrelizumab [20], were found to prolong the life of
advanced HCC patients. However, predicting the efficacy of HCC still
faces great challenges.

Unlike earlier prognostic indicators such as BCLC, ALBI, and Child
—Pugh grade, for example, the model we developed estimates each
patient’s survival rate rather than merely separating patients into dif-
ferent risk categories, so better decreases the impacts of heterogene-
ity [13,21]. In the nomogram of HBV-related HCC established by Mo
[22], C-index was 0.680 (0.645—0.715). And in Zheng’s [23] nomo-
gram for HBV-related HCC, the AUC values for predicting 1-, 2-, and
3-year disease-free survival were 0.761, 0.716, and 0.715, respec-
tively. In addition, Huang et al. [24] reported that in the model of
advanced HCC receiving stereotactic body radiation therapy, the AUC
value for predicting a 1-year survival rate was 0.77. Furthermore, in
the HCC nomogram of Zhang et al. [25], the AUC values for predicting
1-, 3-, and 5-year postoperative survival rates were 0.645, 0.671, and
0.635, respectively. In our study, the model we developed includes a
wider range of treatment regimens and a bigger number of data,
reducing sampling bias. The C-index was 0.754 and the AUC values

Strata
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for the 1-, 2-, and 3-year survival rates were 0.809, 0.806, and 0.764,
respectively, which were superior to previous studies [22—25].

In addition, the calibration curves revealed excellent consistency
in forecasting 1-, 2-, and 3-year survival rates based on real observa-
tions and nomogram predictions. Further risk classification based on
the individual’s overall score revealed that the low-risk group had a
superior mOS than the moderate-to-high-risk group (p < 0.001).
Based on these findings, this comprehensive model has potential pre-
diction performance and can be employed in clinical research as a
stratification criterion for HBV-related HCC.

In our study, we gathered information such as laboratory tests,
past medical history, tumor burden, liver function, staging, demo-
graphic information, and treatment, among other things. The Child
—Pugh class, ALT, PVTT, tumor number, tumor diameter, extrahepatic
metastasis, and treatment were all found to be independent predic-
tors of survival, prompting the development of a new nomogram.
Previous research has also found that these indicators are related to
prognosis [5,13,21,26,27]. Moreover, the AUC values of models con-
structed by combining tumor burden, laboratory tests, and treatment
were greater than those of the individual predictors in our study.
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This further demonstrates that the model we developed is an intui-
tive clinical tool with good predictive performance to assist physi-
cians in making rational HBV-related HCC treatment decisions. The
constructed nomogram also illustrated the impact of various treat-
ments on prognosis. Patients receiving only supportive care had the
highest risk scores, whereas patients receiving postoperative adju-
vant TACE had a higher survival rate than those receiving only sur-
gery. Similar phenomena have been described in prior research
[28,29]. Patients receiving radiofrequency ablation (RFA) had the
lowest risk scores, which was a striking anomaly. Numerous studies
have reported comparable efficacy between RFA and surgery
[6,30,31]. This may be due to the small number of training cohort
patients who received RFA (n = 53). In addition, risk scores for various
treatments are not recommended as a direct guide for physicians to
make treatment decisions because different treatments have differ-
ent indications. Clinical decisions should be based on tumor burden
and patient comorbidities, among other factors.

Although some nomograms for predicting the prognosis of HBV-
related HCC have been developed [22,32], the model we developed
has a larger sample size and more comprehensive data. Furthermore,
this is the first multicenter, large-sample study to include multiple
treatment modalities in predicting the prognosis of HBV-related HCC.
It provides a theoretical foundation for the current comprehensive
HCC treatment. This helps clinicians make clinical decisions about
individualized HBV-related HCC treatment and lays the groundwork
for the clinical management of high-risk patients.

In spite of the aforementioned benefits, the limitations of our
study cannot be overlooked. First, because this is a retrospective
study, we cannot disregard the possibility of selective bias. Nonethe-
less, the large number of samples increases the model’s reliability.
The heterogeneity generated by different immune checkpoint inhibi-
tors (ICIs) also affects the predictive performance of our model,
despite the inclusion of immunotherapy in our study. Besides, the
lack of external validation also affects our interpretation of the
results. In addition, we cannot provide data on the causes of death
and perform competing risks analysis. Finally, we cannot directly
compare the different available nomograms with their prediction
rule in the same cohort of patients due to the lack of relevant data.
Future experiments will require prospective studies and more spe-
cific drugs to further validate the model we constructed.

5. Conclusions

The nomogram we constructed showed good performance in pre-
dicting a 1-year survival rate for HBV- related HCC. For HBV-related
HCC patients with a high risk of death, a close surveillance program
and adjuvant therapy should be considered.
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