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Purpose: This study aims to establish a prognostic nomogram for patients who underwent transarterial chemoembolization (TACE) 
for recurrent hepatocellular carcinoma (HCC) after hepatectomy.
Patients and Methods: Patients who underwent TACE for recurrent early- and middle-stage HCC after hepatectomy between 
2009.01 and 2015.12 were included. Enrolled patients were randomly divided into training (n=345) and validation (n=173) cohorts 
according to a computer-generated randomized number. Independent factors for overall survival (OS) were determined and included in 
the nomogram based on the univariate and multivariate analyses of the training group. The nomogram was validated and compared to 
other prognostic models. Discriminative ability and predictive accuracy were determined using the Harrell C index (C-index), area 
under the receiver operating characteristic curve (AUROC), and calibration curve.
Results: The final nomogram was established based on four parameters including resection-to-TACE time interval, recurrent tumor 
diameter, recurrent tumor number, and AFP level. The C-indexes of the nomogram for predicting OS were 0.67 (95% CI 0.63–0.70) 
and 0.71 (95% CI 0.68–0.74) in the training and validation cohort respectively. The AUROCs for predicting the 1-year, 2-year and 
3-year OS based on the nomogram were also superior to those of the other models. The calibration curve for 3-year survival showed 
a high congruence between the predicted and actual survival probabilities. According to the scores calculated by the nomogram, 
patients were stratified into three subgroups: high-risk (scoring ≥53 points), middle-risk (scoring ≥26 and <53 points), and low-risk 
(scoring <26 points) subgroups with a median OS of 10.1 (95% CI 0.63–0.70), 20.3 (95% CI 17.5–22.5) and 47.0 (95% CI 34.2–59.8) 
months, respectively.
Conclusion: The proposed nomogram served as a new tool to predict individual survival in patients who underwent TACE for 
recurrent HCC after hepatectomy, with favorable performance and discrimination. For high-risk patients, treatment should be 
optimized beyond TACE alone based on the nomogram.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, nomogram

Introduction
Liver cancer is the sixth most prevalent and the third most lethal malignancy worldwide.1 Approximately 410 thousand 
patients were newly diagnosed with liver cancer in China in 2020 (https://gco.iarc.fr), accounting for 45.3% of new global 
new cases.2 Hepatocellular carcinoma (HCC) constitutes the majority of primary liver cancers, accounting for 85–90% of 
cases. Most HCC cases in China have a background of chronic hepatitis derived from hepatitis B virus (HBV) infection and 
are characterized by high invasiveness and poor differentiation.3,4 According to a previous report, only 36% of HCC cases 
were initially diagnosed at an early stage and qualified for radical treatment.5 Hepatectomy remains the mainstay radical 
treatment. However, recurrence occurred to 70% of patients within 5 years after hepatectomy.
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Consistent with the treatment algorithm for newly diagnosed HCC patients, transarterial chemoembolization 
(TACE) is also indicated for patients with recurrent HCC after hepatectomy at an intermediate stage or at an early 
stage inappropriate for a second resection owing to tumor size, location, or complicated diseases.6 The prognosis of 
patients receiving TACE varies widely, depending on the heterogeneity of the target population. According to 
previous studies, the median overall survival (OS) for newly-diagnosed patients who underwent TACE for HCC 
varied from 13 to 43 months.7 Therefore, various stratification tools have been established to predict the long-term 
prognosis for patients after TACE, including the up-to-seven,8 four-and-seven,9 hepatoma arterial embolization 
prognostic (HAP),10 modified HAP (mHAP),11 mHAP-II12 and six-and-twelve13 scoring systems. Whether these 
systems based mostly on the data of treatment-naïve patients are also applicable for patients with recurrent HCC is 
unclear. Currently, there has been no established prognostic systems for patients who received TACE for recurrent 
HCC after hepatectomy.

Breakthroughs in systemic therapies have encouraged treatment stage migration (TSM) for patients with middle-stage 
HCC, who are expected to be refractory to TACE. The 2022 Barcelona Clinic Liver Cancer (BCLC) guidelines suggest 
systemic therapies rather than TACE as the optimal treatment for middle-stage patients with diffuse, infiltrative, and 
extensive HCC liver involvement.14 Nevertheless, there is no strict cut-off to define such a subgroup, especially for 
recurrent HCC. Herein, we established and validated a prognostic nomogram for patients who underwent TACE for post- 
hepatectomy recurrent HCC to predict individual survival and to select high-risk subgroups as candidates for systemic 
therapy.

Materials and Methods
Study Population
A continuous series of patients who underwent TACE for post-resection recurrent HCC in the Liver Cancer Institute, 
Zhongshan Hospital between January 2009 and December 2015 were retrospectively screened from our database. 
The inclusion criteria were as follows: (1) History of R0 resection for HCC; (2) no residual cancer confirmed by 
multiphasic computed tomography (CT) or contrast-enhanced magnetic resonance imaging (MRI) 4 to 6 weeks after 
hepatectomy; (3) recurrent lesions diagnosed based on radiological confirmation according to the American 
Association for the Study of Liver Diseases (AASLD) criteria or pathologic evaluation; (4) Child-Pugh liver 
function grade A or B; and (5) performance scoring 0 point. The exclusion criteria included: (1) vascular invasion 
or extrahepatic spread; (2) loco-regional therapy or systemic therapy during TACE treatment; (3) decompensated 
cirrhosis; (4) gastrointestinal bleeding, encephalopathy, or other contraindications for embolization; (5) history of 
other malignancies; and 6) absence of imaging information at baseline or during follow-up. The patients included in 
the analyses were randomly assigned to the training or validation dataset according to a computer-generated 
randomized number. Morphological features, including tumor diameter, tumor number, and the absence of vascular 
invasion, were evaluated using contrast-enhanced MRI or CT. The study was approved by the Institutional Ethics 
Committee of the Zhongshan Hospital, Fudan University.

Treatment Procedures
Conventional TACE was performed as previously described.15 Briefly, a 4-Fr or 5-Fr RH catheter was inserted 
through femoral artery to access hepatic artery. Common hepatic artery, superior mesenteric artery, and phrenic 
artery angiography were performed to present hepatic artery anatomy and identify the tumor-feeding artery. 
Chemotherapeutic agents, including 5-fluorouracil (0.5–1.0g) and oxaliplatin (100–150 mg) were perfused through 
the proper hepatic artery. The tumor-feeding arteries were embolized either selectively or superselectively using an 
emulsion of mixtures of lipiodol (3–20 mL) and chemotherapeutic agents, such as doxorubicin (10–50 mg), 
epirubicin (10–50 mg), or oxaliplatin (50–100 mg). Thereafter, a gelatin sponge was introduced to reduce the 
tumor arterial flow.

Contrast-enhanced CT or MRI was performed one month after TACE. In case of remnant viable tumor or intrahepatic 
recurrence, TACE was repeated on demand at interval of 6 to 12 weeks. Upon radiological confirmation of no viable 
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residual tumor or stable disease, the patients were followed up at an interval of 8 to 12 weeks. During each follow-up 
period, radiological evaluations and laboratory tests, including liver function and AFP levels, were collected. The study 
was censored on October 30th, 2019, to avoid the impact of novel systemic therapies particularly immunotherapy on 
response evaluation.

Statistical Analysis
Statistical analyses were performed using the SPSS software (version 22.0; IBM Inc., Chicago, IL, USA) and 
R 4.0.2 (http://www.r-project.org). OS was defined as the time interval from the first TACE procedure to all-cause 
death. Patients who survived at the last follow-up date or were lost to follow-up were censored. Continuous 
variables were presented as mean ± standard deviation or median (interquartile ranges, IQRs) and compared using 
Student’s t-test or Mann–Whitney U-test, as appropriate. Categorical variables were shown as counts (percen-
tages) and were compared using the chi-squared test or Fisher’s exact test. The best cutoff value for continuous 
data was determined by clinical evaluation or using X-tile software (https://medicine.yale.edu/lab/rimm/research/ 
software/). It was difficult to determine the sample size beforehand because of scarce evidence in developing 
a prognostic model for patients treated with TACE for post-resection recurrent HCC. However, the total number 
of events (all-cause death) reached 296 and exceeded the ratio of 10 events per variable, suggesting sufficient 
accuracy of the estimation.16 The prognostic factors identified in the univariate Cox proportional hazards regres-
sion analyses (P < 0.1) were included in the multivariate analysis. Based on independent parameters determined 
via multivariate analysis, a nomogram was established using “rms” and “nomogramFormula” R package. The 
discrimination of the nomogram was evaluated using the concordance index (C-index) and time-dependent area 
under the receiver operating characteristic curve (AUROC). Nomogram accuracy was determined using 
a calibration curve. Comparisons between the nomogram and other prognostic models including up-to-seven,8 

HAP,10 mHAP,11 mHAP-II,12 albumin-bilirubin (ALBI)17 and six-and-twelve13 were performed using “rcorrp. 
cens” package and assessed by the C-index and time-dependent AUROC. Based on the scores calculated via the 
nomogram, the patients were stratified into three subgroups with the cutoff points determined by the X-tile. P < 
0.05 was considered statistically significant.

Results
Clinicopathologic Characteristics
A total of 518 patients were included (Figure 1), with hepatitis B virus (HBV) infection (95.2%) as a major risk 
factor. Patients with detectable HBV DNA or hepatitis C virus (HCV) RNA received antiviral treatment. 
Approximately 11.6% of the patients underwent multiple resections before TACE. The median time interval 
between the last resection and TACE was 11.2 (IQR 6.0–19.2) months. The target population received a median of 
3 (IQR, 2–5) TACE sessions during the study period. All the included patients were randomly divided into the 
training (n = 345) and validation (n = 173) groups at a ratio of 2:1. The baseline characteristics were comparable 
between the two groups (Table 1).

Overall Survival
The median follow-up were 15.1 (IQR 7.0–26.2) months for the entire cohort, and 15.2 (IQR 7.3–27.5) months and 14.3 
(IQR 7.2–23.5) months for the training cohort and the validation cohort respectively. The median OS for the entire cohort 
was 22.0 (95% confidence interval [CI], 21.0–23.4) months, with 1-, 2- and 3-year survival rate of 71.9%, 44.4% and 
29.7%, respectively. No significant difference in median OS (23.0, 95% CI 19.7–26.3 months vs 20.0, 95% CI, 16.5–23.5 
months, P = 0.307) was observed between the training cohort and the validation group (Figure 2).
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Independent Prognostic Predictors
According to the X-tile analysis, the cut-off value of the time interval between the last resection and TACE for 
subdivision was 6 months. Likewise the cutoff value of ALBI was −2.6, consistent with the cutoff point in a previous 
study.17 Based on univariate and multivariate analyses of the training cohort (Table 2), resection-to-TACE time interval 

Figure 1 Flowchart of included patients.

Table 1 Patient Characteristics at Baseline

Variables Total Population 
(n=518)

Training Cohort 
(n=345)

Validation Cohort 
(n=173)

P

Age (year) 55.6±11.1 54.7±11.0 55.8±11.2 0.286
Sex, Male 457 (88.2%) 301 (87.2%) 156 (90.2%) 0.330

Etiology, HBV 495 (95.6%) 330 (95.7%) 165 (95.4%) 0.885

Resection times, Multiple 60 (11.6%) 37 (10.7%) 23 (13.3%) 0.389
Resection-TACE interval (months) 11 (6–19) 10 (5–19) 12 (6–22) 0.380

Tumor Number at pre-TACE evaluation

1 185 (35.7%) 126 (36.5%) 59 (34.1%) 0.685
2–3 199 (38.4%) 128 (37.1%) 71 (41%)

>3 134 (25.9%) 91 (26.4%) 43 (24.9%)

(Continued)
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≤6 months (HR = 1.432, 95% CI 1.050–1.955, P = 0.024), recurrent tumor number (HR = 1.143, 95% CI 1.073–1.217, 
P < 0.001), tumor size (HR = 1.111, 95% CI 1.026–1.204, P = 0.010), AFP > 20ng/mL (HR = 1.464, 95% CI 1.103– 
1.944, P = 0.017), and GGT >60U/L (HR = 1.429, 95% CI 1.057–1.932, P = 0.020) were independent risk factors for 
patients undergoing TACE for recurrent HCC.

Prognostic Nomogram for OS
A novel nomogram was established for patients who underwent TACE for recurrent HCC, based on independent risk 
factors for OS in the training cohort. The C-index of the nomogram that integrated all five parameters was 0.67 (95% CI, 
0.63–0.71), the same to that of the nomogram established based on four parameters without GGT. To develop an easy-to- 

Figure 2 Comparison of overall survival between the training cohort and the validation cohort.

Table 1 (Continued). 

Variables Total Population 
(n=518)

Training Cohort 
(n=345)

Validation Cohort 
(n=173)

P

Tumor Diameter at pre-TACE evaluation
≤3cm 357 (68.9%) 236 (68.4%) 121 (69.9%) 0.749

>3~≤7cm 117 (22.6%) 81 (23.5%) 36 (20.8%)

>7cm 44 (8.5%) 28 (8.1%) 16 (9.2%)
ALBI score −2.8 (−2.5~−3.0) −2.8 (−2.5~−3.0) −2.8 (−2.5~−3.0) 0.292

Child-Pugh, grade A 502 (96.9%) 336 (97.4%) 158 (91.3%) 0.372

GGT>60U/L 247 (47.7%) 165 (47.8%) 82 (47.4%) 0.972
AFP>20ng/mL 292 (56.4%) 189 (54.8%) 103 (59.5%) 0.303

TACE sessions 3 (2~5) 3 (2~5) 3 (2~5) 0.802

Abbreviations: HBV, hepatitis B virus; TACE, transarterial chemoembolization; ALBI, albumin–bilirubin; GGT, γ-glutamyl transpeptidase; 
AFP, α-fetoprotein.
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use stratification tool, a final nomogram was developed based on four predictors including resection-to-TACE time 
interval, AFP value, recurrent tumor number, and tumor size (Figure 3). The 1-year, 2-year and 3-year survival 
probabilities were estimated based on the nomogram. An example of using the nomogram to predict survival probability 
of a given patient was also displayed in Figure 3.

In the validation set, the C-index value of the nomogram was 0.71 (95% CI, 0.68–0.74). The 1-year, 2-year, 3-year 
AUROC for the training cohort and the validation cohort were 0.72 (95% CI, 0.65–0.78), 0.70 (95% CI, 0.63–0.76), 0.70 
(95% CI, 0.62–0.79) and 0.73 (95% CI, 0.66–0.81), 0.74 (95% CI, 0.67–0.82), 0.80 (95% CI, 0.73–0.89) respectively. 
The calibration curve for 3-year survival showed a high congruence between the predicted and actual survival 
probabilities (Figure 4).

Comparison Between Current Model and Other Prognostic Systems
The performance of the established model was compared with other models including up-to-seven, six-and-twelve, HAP, 
mHAP, m-HAP-II and ALBI scoring systems (Table 3). Based on the time-dependent AUROC curves (Figure 5) and 
C-indices, the current model displayed favorable performance and discrimination compared to the previous models.

Survival Stratification Based on the Nomogram
Based on the score calculated using the nomogram for each patient, the entire cohort was subdivided into three groups: high- 
risk (scoring ≥53 points), middle-risk (scoring <53 and ≥26 points), and low-risk (scoring <26 points) group. The median OS 
for the high-risk, middle-risk and low-risk groups were 10.1 (95% CI, 6.1–13.9) months, 20.3 (95% CI, 17.5–22.5) months 
and 47.0 (95% CI, 34.2–59.8) months respectively (Figure 6).

Discussion
For patients who underwent TACE for post-resection recurrent HCC, the current nomogram could predict individual 
survival with favorable performance and discrimination. According to the 2022 BCLC proposal, the expected 
median OS for newly-diagnosed patients who received TACE for intermediate HCC was over 30 months.14 The 
median OS in our cohort was only 20.1 months, similar to the result of a previous systemic review.18 In addition to 
increased aggressiveness of recurrent HCC, the availability of effective systemic therapies after TACE progression 
in recent years has contributed to the improved expected OS in recent guidelines. In our study, patients who received 
TACE for recurrent HCC were divided into three prognostic strata with a median OS of 47.0, 20.3 and 10.1 months 

Table 2 Univariate and Multivariate Analyses of Factors Predicting Overall Survival in the Training Cohort

Variables Univariate Analysis Multivariate Analysis

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

Age 1.004 (0.987–1.022) 0.645 – –

Sex, Male vs Female 0.935 (0.626–1.395) 0.743 – –
Etiology, HBV vs non-HBV 1.425 (0.729–2.785) 0.301 – –

Resection Times, Multiple vs Single 0.756 (0.476–1.201) 0.236 – –

Resection-to-TACE Interval, ≤6 months vs >6 months 1.417 (1.044–1.922) 0.025 1.432 (1.050–1.955) 0.024
Tumor Characteristics at pre-TACE evaluation

Number 1.168 (1.098 −1.243) <0.001 1.143 (1.073–1.217) <0.001

Diameter (cm) 1.096 (1.018 −1.181) 0.015 1.111 (1.026–1.204) 0.010
AFP>20 ng/mL vs ≤20ng/mL 1.464 (1.103–1.944) 0.008 1.428 (1.067–1.913) 0.017

Liver Function Reserve

ALBI>-2.6 vs ≤-2.6 1.429 (1.066–1.916) 0.017 1.188 (0.896–1.622) 0.280
GGT>60U/L vs ≤60U/L 1.831 (1.380–2.430) <0.001 1.429 (1.057–1.932) 0.020

Abbreviations: HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; TACE, transarterial chemoembolization; AFP, α-fetoprotein; ALBI, 
albumin–bilirubin; GGT, γ-glutamyl transpeptidase.
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respectively. The median OS was 49.1, 32.0 and 15.8 months for treatment-naive TACE candidates using the six-and 
-twelve scoring system, the heterogeneity of which was similar to our nomogram.13

Consistent with previous prognostic models for treatment-naïve patients receiving TACE,10–13 tumor burden, 
including tumor size and tumor number, was also a major risk factor for OS in our model for recurrent HCC. 
Although albumin and total bilirubin were established as independent risk factors for OS in the HAP10 and mHAP 
models,11 the ALBI score integrating albumin and total bilirubin showed an insignificant association with OS in 
the current nomogram and the six-and-twelve scoring systems. One reason for this discrepancy might be the 
different background liver diseases. The current nomogram and the six-and-twelve model were established based 

Figure 3 Nomogram for predicting overall survival in patients undergoing TACE for post-resection recurrent HCC. The density plots showed the distribution of total 
points and tumor diameter. The size of the box represented the distribution of category variables. The importance of each variable was ranked according to the standard 
deviation along nomogram scales. An example of using the nomogram to predict survival probability of a given patient was displayed. The patient received TACE for two 
recurrent HCC nodules with the largest diameter of 3.5cm 6 months post hepatectomy. AFP was negative before TACE. Red lines and dots were drawn upward to 
determine the points received by each variable. Another line was drawn from the sum (72.4) of these points on the Total Points axis downward to the survival axes to 
determine the probability of 1-year(81.0%), 2-year(58.1%) and 3-year(41.2%) survival. 
Abbreviations: AFP, α-fetoprotein; TACE, transarterial chemoembolization.
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on Chinese cohorts mainly consisting of HBV-related HCC, whereas other models, such as HAP, were developed 
from Japanese cohorts with HCV-related HCC. HBV-related HCC, which belongs to the proliferation molecular 
subclass, is characterized by poor differentiation and higher aggressiveness, whereas HCV-associated HCC, which 
belongs to the non-proliferation class, is characterized by well or moderate differentiation and less invasiveness.4 

Considering liver function reserve, patients with HCV infection are more likely to develop cirrhosis with impaired 

Figure 4 Calibration curve for predicting 3-year survival in the training cohort (upper figure) and the validation cohort (lower figure).
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liver function preserve compared to those with HBV infection.19,20 As a result, the heterogeneity of the tumor 
burden and liver function among different cohorts contributes to a variety of independent parameters for prognosis 
prediction.

The time interval between radical resection and recurrence is an independent factor for OS in patients after 
resection.21–25 Early recurrence is usually derived from intrahepatic metastasis of remnant viable tumor cells, 
whereas late recurrence is regarded as de novo HCC.26,27 Notably, although intrahepatic lesions occurring > two 
years after hepatectomy were usually referred to as late recurrence,28 evolutionary tree analysis via sequencing 
showed the possibility of intrahepatic metastasis in recurrent nodules 28 months after resection.29 The cutoff value 
of the resection-to-recurrence time interval to discriminate early recurrence from late recurrence varied among 
different studies.23–25,28 Consistent with the study conducted by Liu et al23 patients with recurrence within 6 months 
had significantly inferior OS than those with recurrence beyond 6 months in our study. As the C-index and AUROC 
revealed good performance of the current model, other features, such as the clinicopathological characteristics of 
resected tumor nodules, were not included in this study for easy-to-use purposes.

The median OS for the high-risk group according to the current nomogram was 10.1 months, whereas the 
median OS for patients who received sorafenib for early and intermediate HCC ineligible for locoregional therapy 
was 14.5 months.30 In addition to sorafenib, systemic therapies for HCC have significantly improved since 2017. 
The median OS for patients who received lenvatinib as first-line therapy for unresectable HCC was 13.6 months.31 

According to a proof-of-concept study, lenvatinib as an initial treatment resulted in a more favorable OS than 
TACE in patients with intermediate-stage HCC beyond up-to-seven.32 The synergistic efficacy of immunotherapy 
plus target agents and dual immunotherapy has also been demonstrated in the first-line setting. Atezolizumab plus 
bevacizumab for advanced HCC have resulted in median OS of 19.2 months for overall cohort33 and 24.0 months 
for the Chinese cohort,34 significantly superior to sorafenib. Tremelimumab plus durvalumab also yielded superior 
OS compared to sorafenib (16.4 vs 13.7 months, P=0.0035) for unresectable HCC.35 For TACE-unsuitable 
patients, defined as those within the intermediate stage but with inferior survival after TACE, systemic treatments 
with prolonged OS of more than 20 months are recommended over TACE according to recent guidelines.14 For 
patients with recurrent intermediate HCC, our nomogram can serve as an effective stratification tool to select 
high-risk patients who may benefit more from systemic therapies rather than TACE. Prospective, controlled, and 
randomized studies are needed to demonstrate the efficacy of our nomogram as a tool to guide treatment 
allocation.

Table 3 Comparisons of AUROC and C-Index Among Different Prognostic Models

Cohorts Models 1-Year AUROC 2-Year AUROC 3-Year AUROC C-Index

Training cohort Current nomogram 0.72 (0.65–0.78) 0.70 (0.63–0.76) 0.70 (0.62–0.79) 0.67 (0.63–0.71)
Six-and-twelve 0.65 (0.58–0.72) 0.67 (0.60–0.74) 0.67 (0.58–0.75) 0.64 (0.60–0.68)

Up-to-seven 0.58 (0.52–0.64) 0.59 (0.53–0.64) 0.58 (0.52–0.65) 0.57 (0.59–0.55)

HAP 0.64 (0.57–0.70) 0.65 (0.59–0.71) 0.60 (0.53–0.69) 0.60 (0.56–0.64)
mHAP 0.63 (0.56–0.70) 0.64 (0.58–0.70) 0.63 (0.54–0.70) 0.60 (0.56–0.64)

mHAP II 0.64 (0.57–0.70) 0.64 (0.58–0.71) 0.64 (0.57–0.70) 0.60 (0.56–0.64)

ALBI 0.59 (0.51–0.66) 0.61 (0.53–0.68) 0.63 (0.54–0.71) 0.60 (0.52–0.60)
Validation cohort Current nomogram 0.73 (0.66–0.81) 0.74 (0.67–0.82) 0.80 (0.73–0.89) 0.71 (0.68–0.74)

Six-and-twelve 0.67 (0.59–0.75) 0.64 (0.55–0.73) 0.73 (0.62–0.84) 0.58 (0.52–0.64)
Up-to-seven 0.59 (0.58–0.74) 0.57 (0.55–0.73) 0.60 (0.62–0.84) 0.58 (0.54–0.62)

HAP 0.68 (0.60–0.77) 0.62 (0.60–0.77) 0.63 (0.53–0.71) 0.66 (0.62–0.70)

mHAP 0.63 (0.55–0.70) 0.57 (0.48–0.64) 0.55 (0.46–0.64) 0.64 (0.60–0.68)
mHAP II 0.73 (0.67–0.80) 0.67 (0.60–0.75) 0.71 (0.64–0.80) 0.65 (0.61–0.69)

ALBI 0.69 (0.60–0.76) 0.62 (0.53–0.71) 0.63 (0.53–0.74) 0.64 (0.60–0.68)

Abbreviations: AUROC, area under the receiver operating characteristic; HAP, hepatoma arterial embolization prognostic; mHAP, modified 
HAP; mHAP-II, modified HAP-II; ALBI, albumin–bilirubin.
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Our study had some limitations. First, although we included a large cohort of 518 consecutive patients, selection bias 
was unavoidable in observational studies. Second, the nomogram was based on data from a single center without external 
validation, which weakened its reliability. Moreover, the majority of the patients included in our study had HBV-related 
HCC. Therefore, exploration of our nomogram for HCC patients with other etiologies, such as non-alcoholic steatohe-
patitis (NASH), is unclear.

Figure 5 Time-dependent AUROC of different models for predicting overall survival in the training cohort (upper figure) and in the validation cohort (lower figure). 
Abbreviation: AUROC, area under the receiver operating characteristic.
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Conclusion
In conclusion, we established a prognostic nomogram involving four clinical parameters to stratify patients who 
underwent TACE for post-resection recurrent HCC. The model could predict individualized prognosis with adequate 
performance and stratify patients into three subgroups with significantly different OS, facilitating treatment allocation. 
Further validation in patients with different etiologies and its efficacy in risk stratification for clinical use are 
warranted.

Data Sharing Statement
Data supporting the findings of this study are available from the corresponding author upon reasonable request.
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This study was conducted in accordance with the Declaration of Helsinki (as revised in 2013) and approved by the 
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informed consent was waived in accordance with national legislation and institutional requirements. The data of the 
participants have been anonymized.
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