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Background: Hepatocellular carcinoma (HCC) patients who are at significant risk of tumor recurrence and mortality can benefit from 
postoperative adjuvant transarterial chemoembolization (PA-TACE). However, the benefits of PA-TACE remain unclear. Herein, we 
aimed to develop a model for predicting the prognosis of HBV-related patients who undergo PA-TACE and endeavored to guide 
individualized clinical treatment.
Methods: We included 432 HBV-related patients who underwent PA-TACE after curative resection were included. The dataset was 
divided into a training set (n=216) and an internal validation set (n=216). For identifying independent risk factors, the least absolute 
shrinkage and selection operator and univariate and multivariate Cox analyses were performed. We derived a prognostic model from 
the training set that was internally validated. The concordance index (C-index), receiver operating characteristic (ROC) curve, 
calibration curve, and risk stratification were used to evaluate the performance of the nomogram.
Results: Patients undergoing PA-TACE had significantly longer overall survival (OS) than those who did not undergo PA-TACE. Age, 
albumin levels, macrovascular invasion, tumor size, and, stages of Barcelona Clinic Liver Cancer were identified as independent risk 
variables and concluded into the nomogram to predict the OS of HBV-related patients who received PA-TACE. The nomogram’s 
C-index values OS were 0.710 and 0.652 in the training and internal validation sets, respectively. Both time-dependent AUC and the 
calibration curve showed good discrimination and model fitness. The risk score −0.12 was kept as the cut-off value that would 
accurately divide patients into high-risk and low-risk groups; furthermore, the Kaplan–Meier curve showed a high discriminative 
ability of the model.
Conclusion: We developed a predictive model. comprising a formula and nomogram to predict the OS and provide risk stratification 
for HBV-related patients undergoing PA-TACE, which could contribute to suitable treatment options for this patient population.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, hepatitis B virus, nomogram, prognostic model

Introduction
Hepatocellular carcinoma (HCC), the most prevalent primary liver malignancy, accounts for 75–85% of all liver cancers. 
The International Agency for Research on Cancer (IARC) has estimated that the morbidity and mortality due to liver 
cancer ranks sixth and third among all tumors, respectively, thus significantly threatening people’s health.1,2 Infection 
with the hepatitis B virus (HBV) is a significant risk factor for HCC. HBV activates multiple signals, promotes viral 
replication and inflammatory progression, accelerates liver cancer development, and is correlated with a high mortality 
rate, especially in Asian China.3–5 Patients with HBV-associated HCC who have undergone liver resection have 
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a poorer prognosis than those with metabolic HCC.6 Moreover, a nationwide survey found that HCC patients without 
HBV infection had a noticeably decreased probability of recurrence than those with HBV infection.7

With advancements in HCC management, significant emphasis is placed on customized therapy to improve the 
patient’s prognosis. The most effective treatment for HCC is thought to be curative therapy. Patients with early-stage 
HCC are more likely to benefit from hepatectomy and transplantation, possibly resulting in a higher survival rate.3,8 

Nevertheless, researches have shown a 60–100% recurrence risk for HCC after hepatectomy. Furthermore, there is 
a considerable risk of complications with HCC liver resection, thereby resulting in a poor prognosis.9,10

The most effective palliative care method for patients with intermediate-stage liver cancer (Barcelona Clinic Liver 
Cancer [BCLC] grade B) is transarterial chemoembolization (TACE).8 TACE causes tumor necrosis by the combined 
effect of ischemia, hypoxia, and toxicity of chemotherapy drugs when vascular embolic agents and high-concentration 
chemotherapy drugs are injected into the blood vessels feeding the tumors. Moreover, it is widely used as an adjuvant 
therapy in combination with targeted drugs, ablation, transplantation, and surgery.11 It can significantly reduce the 
potential complications and recurrence rate.12,13 For HCC patients with bile duct tumor thrombus, PA-TACE had superior 
survival outcomes than hepatectomy alone.14 One retrospective research revealed that postoperative adjuvant treatment 
delayed intrahepatic recurrence and prolonged overall survival (OS) in patients with resectable, multiple HCCs larger 
than those specified in Milan criteria.15 Moreover, PA-TACE is an independent protective factor for large HCC patients 
after liver resection.16 Hence, we should take PA-TACE into consideration as a conventional therapy for HCC patients. 
Additionally, PA-TACE eliminates HBV in cancer cells and reduces viral burden, thereby marginally enhancing the OS 
of hepatitis B virus-associated HCC (HBV-HCC) patients.17 Nevertheless, in some patients, such as those with tumors 
that are less than 5 cm in diameter, single tumors, or MVI-negative tumors, PA-TACE does not confer better survival 
outcomes and may even encourage postoperative recurrence.18,19 Moreover, HCC patients with microscopic portal vein 
invasion do not significantly benefit from PA-TACE.20 Presently, no consensus or guidelines exist on the indications for 
PA-TACE, and the prognostic indicators for outcomes in patients undergoing PA-TACE remain unclear.21,22

According to a novel online calculator that predicts HCC patients’ overall survival after PA-TACE and some other 
research, several factors, including BCLC stages, tumor diameter, multinodular tumors, alpha-fetoprotein (AFP), and 
microvascular invasion (MVI), have been proven to be associated with the prognoses of these patients.18,23,24 Moreover, 
some models predicting recurrence after PA-TACE for HBV-HCC patients have been developed.25,26 Yet, there is no 
commendable evaluation system to predict the OS of HBV-HCC who have had PA-TACE directly; therefore, in certain 
situations, it is difficult for clinicians to decide on initiating PA-TACE, especially for individuals without any significant 
recurrence risk factors.

Thus, a reliable prediction system that aids clinicians in patient selection, thereby achieving better OS with PA-TACE 
is urgently needed. Herein, the aim of our project was to create and verify an original prediction model applying 
a nomogram and formula, which could identify high-risk and low-risk HBV-HCC patients treated with PA-TACE and 
predict their OS.

Methods
Patients
This retrospective analysis comprised 1820 consecutive patients at the Cancer Hospital Affiliated with Guangxi Medical 
University who received a diagnosis of HCC between 2012 and 2017. The inclusion criteria are as follows: (1) Patients 
diagnosed with HCC according to the principles of the authoritative guidelines through histological examination or 
clinicoradiological criteria; (2) patients infected with HBV; and (3) patients treated with curative liver resection as their 
initial therapy and receiving PA-TACE within 4 to 8 weeks. The exclusion criteria were: (1) Patients without curative 
resection confirmed by image; (2) Patients died during the perioperative period (within 90 days after operation); (3) 
Treated with other anti-tumor treatments after operation: radiotherapy, systemic therapy (TKI therapy, PD-1 immu-
notherapy.); (4) Incomplete critical baseline data; (5) Follow-up time less than 2 months. After the application of the 
abovementioned criteria, the final analysis covered 432 patients. These participants were split into the internal validation 
and derivation groups in a 1:1 ratio based on random numbers using the SPSS random function. The study was approved 
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by the Ethical Review Committee of the Guangxi Medical University Cancer Hospital (LW2023094). It was conducted 
according to the ethical guidelines of the World Medical Association Declaration of Helsinki, and informed patient 
consent was obtained from all participants.

Treatment
All patients underwent curative hepatectomy after the completion of the preoperative examination. Each patient was 
reexamined 4 weeks postoperatively, and once the liver function recovered, after the surgeon’s evaluation, TACE was 
carried out on the residual liver. All patients were followed up regularly after treatment and various indexes were 
monitored, including physical examination, serum AFP level, ultrasound or enhanced CT scan or MRI of the chest and 
abdomen. If the patient tends to relapse, all imaging examinations should be carried out in time for early diagnosis. 
According to the recurrence of the tumor, the residual liver function reserve, and the general situation of patients, the 
treatment surgeon decides the subsequent management, such as re-resection, TACE, local ablation, radiotherapy, 
systemic treatment with oral sorafenib or the best supportive treatment.

Data Collection and Outcomes
Preoperatively, 28 baseline patient characteristics were examined, including AFP levels, serum biochemistry, liver 
function index, and BCLC and Edmondson stages. Preoperative imaging was performed routinely. Most factors were 
divided into two groups based on a recognized cut-off value. All parameter values were the first recorded data. Every 
patient was followed up regularly, and their health conditions were documented. The primary outcome was OS estimated 
from the date of HCC diagnosis to the date of death from any cause.

Statistical Analysis
Normally distributed data are displayed as mean±standard deviation, and skewed data are displayed as interquartile 
ranges. Categorical variables are presented as percentiles. For missing data, the numerical and categorical variables were 
imputed with an average value and mode, respectively. Mann–Whitney U-test or Student’s t-test to compare numerical 
variables between the derivation and internal validation sets was carried out. Furthermore, the Fisher’s exact test or the 
chi-squared test was used to evaluate categorical variables. Correlations between variables were assessed using Spearman 
correlation analysis and if the absolute value of the correlation coefficient between two variables is greater than 0.8, they 
are considered to be highly correlated. Lasso regression can considerably reduce multicollinearity among variables and 
reduce data dimension. Therefore, we used it to preliminarily screen variables associated with OS. The potential 
prognostic variables with a significant difference (P 0.05) were chosen using a univariate Cox proportional-hazards 
regression analysis. Next, the chosen covariates were included in the multivariate Cox regression. The final independent 
factors were screened out with backward stepwise selection based on the same standard of P value. Incorporating the 
relevant parameters, a nomogram was constructed to predict patients’ survival outcomes. Each patient could be scored 
using this nomogram model. Furthermore, X-tile software (Yale School of Medicine, USA)27 generated a cut-off value 
for risk categorization utilizing which the patients were separated into groups with high and low risk. The Kaplan–Meier 
(KM) analysis with Log rank test was used to compare OS differences between the two groups. The internal validation 
group was used to verify and test the model. The area under the curve (AUC) of the time-dependent receiver operating 
characteristic (ROC) was calculated to evaluate the model’s accuracy. The C-index was applied to estimate the model’s 
discrimination ability. Moreover, to assess the consistency between the predictions and observations, the calibration curve 
was employed, which is a visual representation of the Hosmer–Lemeshow goodness-of-fit test.

Data processing, including statistics of baseline information and univariate and multivariate Cox regression analyses, 
was performed using SPSS 25.0 (IBM Corporation, 2020, USA). Lasso regression analyses, nomogram construction, 
survival and calibration curve constructions, and time-dependent ROC calculations were performed using R version 3.6.2 
(http://www.r-project.org/), with package dependencies: “rms”, “glmnet”, “survival”, “survminer”, and “timeROC”. 
A C-index and AUC >0.7 indicated a better predictive ability of the model. A two-tailed P value <0.05 was considered 
statistically significant.
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Result
Patient Baseline Characteristic
The final analysis included 432 HBV-HCC patients who complied with the selection criteria. These participants were 
split in a 1:1 ratio between the derivation and validation groups (n=216, each group) (Figure 1). The baseline data 
comprised 28 preoperative indicators. The distribution of each character in the two groups did not significantly differ 
from one another (Table 1). The median OS of patients from the training and validation groups was 57 and 40 months, 
respectively, with no significant between-group difference seen on the KM curve (P=0.62, Figure 2A).

Survival Benefits for Patients Undergoing PA-TACE
Patients who underwent PA-TACE are designated as the PA-TACE group, whereas patients who did not have PA-TACE 
are designated as the non-PA-TACE group. The KM curve evidently shows that patients who underwent PA-TACE had 
longer OS than those who did not undergo PA-TACE . Additionally, there was a tremendous prognostic difference 
between patients who received adjuvant therapy and those who did not (P<0.05). The median survival times of patients 
who underwent and did not undergo PA-TACE were 46 and 37 months, respectively. Meanwhile, the 1-, 3-, and 5-year 
OS rates were all significantly higher for patients in the PA-TACE group than for those in the non-PA-TACE group 
(Figure 2B).

Independent Prognostic Factors Selection
In the training set, the correlation between variables was analyzed and the heat map was depicted (Figure 3). Expect the 
WBC and neutrophils (r>0.8, p<0.05), there were no highly correlated variables. Then LASSO regression analysis was 
carried out, and LASSO coefficient profiles of the feature were shown. By applying the minimal criteria, the LASSO 
model’s optimum parameter (lambda) selection was determined. The curve of the partial likelihood deviance (binomial 
deviance) versus the log (lambda) is presented. By performing lambda.min and lambda.1se, dotted vertical lines are 
displayed at the ideal values. Lastly, sex, age, BCLC, prothrombin time (PT), albumin (ALB), AFP, size, capsule, 
macrovascular invasion, and tumor rupture were selected as the initial prognostic factors based on the optimal value that 

Figure 1 Flowchart of patient selection.
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Table 1 Baseline Characteristics of Study Patients

Variables Total  
(n=432)

Derivation  
(n=216)

Internal Validation  
(n=216)

P

Sex

Male 374 (86.6) 183 (84.7) 191 (88.4) 0.259

Female 58 (13.4) 33 (15.3) 25 (11.6)
Age (year)

≤45 171 (39.6) 81 (37.5) 90 (41.7) 0.376

>45 261 (60.4) 135 (62.5) 126 (58.3)
Child–Pugh

A 426 (98.6) 213 (98.6) 213 (98.6) >0.999
B 6 (1.4) 3 (1.4) 3 (1.4)

BCLC stage

0-B 291 (67.4) 146 (67.6) 145 (67.1) 0.918
C 141 (32.6) 70 (32.4) 71 (32.9)

Platelet (x109/L)

<100 22 (5.1) 11 (5.1) 11 (5.1) >0.999
≥100 410 (94.9) 205 (94.9) 205 (94.9)

ALB (g/L)

<35 56 (13.0) 27 (12.5) 29 (13.4) 0.775
≥35 376 (87.0) 189 (87.5) 187 (86.6)

AST(U/L)

≤40 221 (51.2) 103 (47.7) 118 (54.6) 0.149
>40 211 (48.8) 113 (52.3) 98 (45.4)

ALT(U/L)

≤40 240 (55.6) 126 (58.3) 114 (52.8) 0.245
>40 192 (44.4) 90 (41.7) 102 (47.2)

CA19-9(U/mL)

≤37 344 (79.6) 172 (79.6) 172 (79.6) >0.999
>37 88 (20.4) 44 (20.4) 44 (20.4)

AFP(ng/mL)

≤400 219 (50.7) 105 (48.6) 114 (52.8) 0.386
>400 213 (49.3) 111 (51.4) 102 (47.2)

Ascites

Yes 43 (10.0) 21 (9.7) 22 (10.2) 0.872
No 389 (90.0) 195 (90.3) 194 (89.8)

Cirrhosis

Yes 210 (48.6) 99 (45.8) 111 (51.4) 0.248
No 222 (51.4) 117 (54.2) 105 (48.6)

Macrovascular invasion

Yes 131 (69.7) 67 (31.0) 64 (29.6) 0.754
No 301 (30.3) 149 (69.0) 152 (70.4)

Tumor rupture

Yes 334 (77.3) 14 (6.5) 17 (7.9) 0.576
No 98 (22.7) 202 (93.5) 199 (92.1)

Tumor number

Solitary 286 (66.2) 152 (70.4) 134 (62.0) 0.067
Multiple 146 (33.8) 64 (29.6) 82 (38.0)

Tumor size (cm)

<8cm 254 (58.8) 124 (57.4) 130 (60.2) 0.558
≥8cm 178 (41.2) 92 (42.6) 86 (39.8)

Capsule

Yes 334 (77.3) 164 (75.9) 170 (78.7) 0.491
No 98 (22.7) 52 (24.1) 46 (21.3)

(Continued)
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corresponds to the lowest value of lambda (Figure 4). And the corresponding coefficients derived from Lasso regression 
were as follows: 0.011, −0.283, 0.342, 0.074, −0.412, 0.069, 0.334, −0.011, 0.591, −0.018, which can reflect the influence 
of related variables on prognosis to some extent.

The univariate Cox analysis included the abovementioned 10 prognostic factors that were identified by LASSO 
regression. Age, BCLC stage, ALB, AFP, macrovascular invasion, size, and capsule were statistically significant with 
minimal P values. Next, for the final variables, the multivariate Cox analysis was conducted, and age, BCLC stage, ALB, 
size, and macrovascular invasion were discovered to be independent prognostic factors of OS (Table 2).

Table 1 (Continued). 

Variables Total  
(n=432)

Derivation  
(n=216)

Internal Validation  
(n=216)

P

Edmondson–Steiner grade
I–II 209 (48.4) 98 (45.4) 111 (51.4) 0.211

III–IV 223 (51.6) 118 (54.6) 105 (48.6)

MVI
Yes 216 (50.0) 105 (48.6) 111 (51.4) 0.564

No 216 (50.0) 111 (51.4) 105 (48.6)

TBIL (umol/L)
≤17.1 312 (72.2) 157 (72.7) 155 (71.8) 0.830

>17.1 120 (27.8) 59 (27.3) 61 (28.2)

DBIL (umol/L)
≤6.8 298 (69.0) 153 (70.8) 145 (67.1) 0.405

>6.8 134 (31.0) 63 (29.2) 71 (32.9)

PT(s) 13.0 (12.1–13.8) 13.0 (12.0–13.7) 13.1 (12.1–13.8) 0.442
WBC (x109/L) 6.5 (5.1–7.7) 6.6 (5.2–7.7) 6.5 (5.0–7.7) 0.553

RBC (x1012/L) 4.8 (4.4–5.2) 4.8 (4.3–5.2) 4.7 (4.4–4.7) 0.822

Hemoglobin (g/L) 137.4 (127.0–151.0) 136.9 (124.0–151.0) 138.0 (127.3–151.8) 0.492
Neutrophil (x109/L) 25.9 (3.5–55.1) 25.6 (3.5–55.3) 26.3 (3.5–54.8) 0.772

Lymphocyte (x109/L) 12.7 (1.6–25.0) 13.0 (1.6–25.3) 12.5 (1.6–24.9) 0.703

NLR 2.9 (1.6–3.0) 2.5 (1.5–3.0) 3.2 (1.6–3.0) 0.612

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ALB, albumin; AST, aspartate transaminase; ALT, alanine transaminase; AFP, alpha- 
fetoprotein; MVI, microvascular invasion; TBIL, total bilirubin; DBIL, direct bilirubin; PT, prothrombin time; WBC, white blood cell; RBC, red 
blood cell; NLR, neutrophil-to-lymphocyte ratio.

Figure 2 The difference in OS between the training and validation sets examined by Kaplan-Meier survival curves (A). Kaplan–Meier survival curves for PA-TACE’s impact 
on OS of the patients (B).
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Development of the Model
A formula and a nomogram were created to more accurately predict the patients’ survival results after incorporating the 
abovementioned independent factors (Figure 5). The formula used to figure out each patient’s corresponding score is as 
follows: risk score = 0.535 × BCLC stage (0, 0-B; 1, C) + 0.598 × macrovascular invasion (0, negative; 1, positive) + 0.447 ×  
maximal tumor diameter (MTD) (0, <8cm; 1, ≥8cm) – 0.562 × age (0, ≤45; 1, >45) – 0.786 × ALB (0, <35g/L; 1, ≥35g/L)

Risk Stratification Construction
According to the patient points from the training set, risk stratification was constructed. The ideal cut-off value −0.12, 
based on which patients can be divided into high-risk and low-risk categories, was determined using the X-tile program. 
Moreover, the KM curves of the OS of high-risk and low-risk groups for the training (Figure 6A) and the validation sets 
(Figure 6B) were plotted, respectively. In both sets, the low-risk group had a superior OS than the high-risk group, 
thereby demonstrating the excellent discriminative ability of the scoring system (P<0.05). Meanwhile, the patients 
without PA-TACE were also divided into high-risk and low-risk groups according to the same criteria, and the KM 
analysis was conducted between patients with and without PA-TACE. In the high-risk group, the OS of patients with PA- 
TACE is obviously better than that of patients without PA-TACE (P < 0.05). As depicted by the KM curve, patients with 
PA-TACE showed significant survival benefits, especially before 30 months. (Figure 6C) In the low-risk group, although 
the P value is less than 0.05, the curve shows that the survival difference between patients with and without PA-TACE is 
mild, and it becomes obvious only after 45 months. (Figure 6D)

Evaluation and Validation of the Model
The calibration curves show good agreement of OS rate between the model’s prediction and actual observation. The 
standard lines in the training set nearly overlap with the calibration curves of the 3 – (Figure 7A) and 5- (Figure 7B) year 
OS rates. Additionally, an accurate C-index of risk score was estimated through 500 bootstraps resampling, and the 
C-indices of the risk scores were 0.710 [95% CI, 0.6555–0.755] and 0.652 [95% CI, 0.613–0.691] for the training and the 
validation sets, respectively. Furthermore, time-dependent ROC curves of the risk score system were plotted to verify the 

Figure 3 The value of the correlation coefficient between variables is displayed in the form of a heat map, and the value is mainly expressed by color depth.
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Figure 4 28 prognostic factors’ expression patterns (A). The LASSO model’s 10-fold cross-validation for selecting variables (B).
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model’s prediction ability. The AUCs for the 1-, 3-, and 5-year survival rates were 0.74, 0.79, and 0.84, respectively, in 
the training set (Figure 7C). Similarly, the AUCs for the 1-, 3-, and 5-year survival rates were 0.74, 0.68, and 0.66, 
respectively (Figure 7D).

Discussion
The decision of whether a patient should undergo PA-TACE remains controversial. Although many scoring systems and 
models have been developed, presently there is no consensus on the indications for PA-TACE. Liang et al created 
a cutting-edge online tool to assess the survival advantage of HCC patients with PA-TACE by constructing two 
nomograms to estimate the survival of patients who undergo and those who do not undergo PA-TACE, respectively.24 

Additionally, many studies have established relevant models to predict tumor recurrence in HBV-HCC patients after PA- 
TACE,25,26 A prognostic model that can predict early recurrence in HCC patients after PA-TACE has also been 
constructed.28 Nevertheless, there is no model for predicting the OS and survival outcomes of HBV-HCC patients. 
Herein, to accurately predict HBV-HCC patients’ OS after PA-TACE, a model was constructed. Compared with previous 
models, our model is more targeted, mainly focuses on HBV-positive patients, and provides more meaningful 

Table 2 Uni- and Multivariate Analysis for Overall Survival in the Derivation Cohort

Variables Univariate Analysis Multivariate Analysis

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

Sex

Male 1.396 (0.782–2.493) 0.259
Female

Age (year)

≤45 0.558 (0.381–0.817) 0.003 0.570 (0.386–0.842) 0.005
>45

BCLC stage

0-B 3.003 (2.051–4.396) <0.001 1.708 (0.967–3.016) 0.065
C

ALB (g/L)

<35 0.498 (0.293–0.845) 0.010 0.456 (0.266–0.782) 0.004
≥35

AFP(ng/mL)

≤400 1.511 (1.032–2.212) 0.034
>400

Macrovascular invasion

Yes 3.366 (2.294–4.938) <0.001 1.818 (1.022–3.233) 0.042
No

Tumor rupture

Yes 0.691 (0.302–1.578) 0.380
No

Tumor size (cm)

<8cm 2.350 (1.605–3.440) <0.001 1.564 (1.029–2.377) 0.036
≥8cm

Capsule
Yes 0.646 (0.427–0.979) 0.039

No

MVI
Yes 1.650 (1.125–2.419) 0.010

No

PT 1.109 (0.954–1.289) 0.180

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ALB, albumin; AFP, alpha-fetoprotein; MVI, microvascular invasion; PT, pro-
thrombin time.
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information on their survival. The model was also exceptionally capable of distinguishing high-risk groups from low-risk 
groups. The corresponding formula for risk stratification can directly calculate a patient’s score, and the nomogram can 
be utilized for predicting patients’ 1-, 3-, and 5-year survival rates, which can aid clinicians in better evaluating whether 
patients need PA-TACE.

In this study, the cut-off value of age was 45 years, and this was incorporated into the model. Patients aged >45 years 
are more likely to benefit from PA-TACE and may show better OS after PA-TACE. This is the initial study to 
demonstrate that age may be a critical variable in assessing survival after PA-TACE in HCC-HBV patients, although, 
one study has demonstrated the association of age with OS after liver resection of HCC in octogenarian patients.29 From 
a molecular perspective, age-dependent NFR2 expression levels also affect the prognosis of HCC patients.30 Zeng et al’s 
study found that in 699 young patients (age 40 years) with HBV-HCC who had radical resection, tumor size and 
macrovascular invasion were shown to be linked with poor OS. Another study showed that younger patients had better 
liver function but worse prognoses than older patients.31 Furthermore, In elderly individuals diagnosed with HCC, drug- 
eluting bead transarterial chemoembolization (DEB-TACE) is well tolerated.32 However, further studies have yet to 
explore how different age groups affect the outcome of PA-TACE in HBV-HCC patients.

ALB level is a crucial indicator for assessing liver function and is a component of the Child–Pugh score. ALB level 
when combined with other indicators is an essential and stable prognostic marker for HCC.33 In the random survival 
forest model developed by Lin et al, ALB level was a reliable indicator of survival in BCLC-B HCC patients.34 

Moreover, postoperative ALB levels are utilized as well to evaluate a patient’s prognosis for HCC. The survival rate 
of HCC patients after hepatectomy is mainly related to tumor characteristics and ALB levels.35 For TACE therapy, 
abnormal ALB level is a potential prognostic factor for HCC patients after conventional TACE.36 Li et al found that HCC 
patients who had ALB levels ≤ 35 g/L were at risk for extrahepatic progression following TACE, and early combination 
treatment was strongly advised for them.35 Besides, In Chinese HCC patients, CalliSpheres DEB-TACE has been proven 
effective and well-tolerated, and ALB level abnormality is independently associated with poor prognosis.37,38

A critical tumor characteristic is macrovascular invasion, which includes invasion of the portal vein, hepatic vein, and 
inferior vena cava. Previous studies have suggested that macrovascular invasion can be used as an independent predictor 
of OS after PA-TACE, which can be used to individually estimate the net survival benefit of PA-TACE.24 Ji et al found 

Figure 5 Nomogram for predicting OS in HBV-HCC (hepatitis B virus-associated hepatocellular carcinoma) patients with PA-TACE.
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that combination therapy may prolong the survival of HCC patients with portal vein tumor thrombus.39 We found that 
macrovascular invasion is also an independent OS prediction in PA-TACE, which agrees with the findings of earlier 
researches.

In our study, 8 cm was kept as the cut-off value for the MTD. As expected, MTD was found to be a critical variable in 
our prognostic model. The correlation between tumor size and prognosis has been verified in multiple studies and centers, 
and our results are consistent with those of most studies. Tumor size is essential in predicting HBV-HCC recurrence after 
PA-TACE.25 A previous study showed that multiple diameter thresholds, such as 2 cm, 3 cm, 4 cm, 5 cm, 8 cm, and 
10 cm, showed strong prognostic differentiators for HCC.40,41 Carr et al discovered that HCC characteristics might 
transform into a more aggressive phenotype as the tumor grows larger. With higher MTD categories, there was a rise in 
the proportion of patients with multifocal tumors, portal vein tumor thrombus, and median serum AFP levels. Patients 
were grouped according to MTDs of 2.1–5.0 cm, 5.1–8.0 cm, and 8.1–11 cm. Compared with patients of different groups, 
with an increase in the MTD, the OS of the three-parameter group decreased significantly.42,43

The most used staging and therapy methodology for HCC is the BCLC system, which is also regarded as an essential 
prognostic predictor for OS.17 Hu et al indicated that HCC patients diagnosed with BCLC-B stage might benefit from 
PA-TACE after liver resection.44 Therefore, when performing the multivariate Cox regression analysis, the P value 
conditions were relaxed. BCLC stage was also incorporated into the model, with a P value of 0.065. We found that PA- 
TACE may be beneficial for BCLC stage 0-B patients, and this outcome is in accordance with previous research.

Figure 6 The training set (A) and validation set’s (B) Kaplan-Meier survival curves for predicting OS stratified by risk subgroups. Kaplan–Meier survival curves for PA- 
TACE’s impact on OS of the patients from high-risk group (C) and low-risk group (D).
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In this research, we were committed to screening out patients who can benefit from PA-TACE. However, it’s critical 
to take other treatments into consideration combined with TACE as well.45 Zhong et al have found that TACE combined 
with immune checkpoint inhibitors plus tyrosine kinase inhibitors significantly improved OS, over immune checkpoint 
inhibitors plus tyrosine kinase inhibitors for advanced HCC.46 Furthermore, lenvatinib combined with anti-PD-1 
antibodies plus TACE for neoadjuvant treatment of resectable hepatocellular carcinoma provided better survival out-
comes than surgery alone.47 Thus, in clinical practice, in addition to PA-TACE, perhaps we can also give some other 
adjuvant therapies to provide more comprehensive treatment to improve the prognosis of patients, which need further 
exploration.

Our study has some limitations. The model was only internally validated and lacks external validation. To refine the 
model and make it more convincing, further external validation and multi-center, prospective cohort, clinical studies are 
needed. Furthermore, the patient’s postoperative clinical data and HBV-DNA load can be taken into consideration.

Conclusion
In summary, A clinical prognostic model based on age, tumor size, macrovascular invasion, ALB, and BCLC stage was 
created and validated by our team. The formula and nomogram provided an understandable clinical tool for clinicians to 
create reasonable and personalized postoperative treatment plans.

Figure 7 Calibration curves for predicting patients’ survival outcomes at 3 years (A) and 5 years (B) in the training set. Receiving operating characteristics (ROC) curves of 
the model to predict 1-, 3-, and 5-year OS in the training set (C) and validation set (D).
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Abbreviations
PA-TACE, Postoperative adjuvant transarterial chemoembolization; HCC, hepatocellular carcinoma; C-index, concor-
dance index; ROC, receiver operating characteristic; OS, overall survival; HBV, Hepatitis B virus; TACE, transarterial 
chemoembolization; BCLC, Barcelona Clinic Liver Cancer; HBV-HCC, hepatitis B virus-associated HCC; AFP, alpha- 
fetoprotein; MVI, microvascular invasion; KM, Kaplan–Meier; AUC, area under the curve; DEB-TACE, transarterial 
chemoembolization; PT, prothrombin time; ALB, albumin; MTD, maximal tumor diameter.
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