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Background: Long-term survivals of patients with HBV-related hepatocellular carcinoma are limited 
by the high incidence of tumor recurrence after radiofrequency ablation (RFA), identification of the risk 
factors and understanding the patterns of recurrence can help to improve the comprehensive management 
of patients after RFA. Therefore, the purpose of the study is to explore the prognostic value of the age-male-
albumin-bilirubin-platelets (aMAP) score in patients with early-stage HBV-related hepatocellular carcinoma 
(HCC) receiving RFA; investigate the risk factors and patterns of late recurrence (LR); and develop a 
nomogram to predict recurrence-free survival (RFS).
Methods: A retrospective review of HBV-related HCC patients who underwent primary RFA from 
March 2012 to December 2020 was conducted. The prognostic value of the aMAP score was evaluated in a 
primary cohort (n=302) and then further validated in an independent validation cohort (n=143). The optimal 
threshold of aMAP scores was calculated by X-tile 3.6.1 software. A prognostic nomogram was constructed 
from multivariate analysis and validated in an external validation cohort.
Results: Patients with aMAP scores ≤63.8, 63.8–67.8, and >67.8 were classified into low-, medium-, and 
high-recurrence risk groups, respectively. The C-index to predict LR was 0.76 (95% CI: 0.700–0.810). The 
high-risk group was associated with the worst RFS (HR: 5.298; 95% CI, 2.697–10.408; P<0.001) and overall 
survival (OS) (HR: 2.639; 95% CI, 1.097–6.344; P=0.03) compared with medium- and low-risk groups. The 
aMAP score, multiple tumors and preoperative HBV DNA level were independent risk factors for LR. The 
proposed nomogram had excellent performance in predicting LR of HBV-related HCC [C-index: 0.82 (95% 
CI: 0.772–0.870)]. 
Conclusions: This study demonstrated that the aMAP score can serve as an objective predictor of LR for 
HBV-related HCC patients after RFA. The nomogram based on preoperative HBV DNA level, aMAP score, 
and number of tumors can reliably help clinicians to stratify the recurrence risk of HCC patients after RFA.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
common malignant tumors worldwide and is associated 
with an extremely poor prognosis (1,2). In China, HCC 
is the fifth most common cancer and the second most 
common cause of cancer-related death, with an estimated 
0.41 million new cases and 0.39 million deaths in 2020 (3). 
HCC caused by hepatitis B virus (HBV) infection accounts 
for approximately 80% of all liver cancers in China (4,5). 
Liver transplantation and liver resection are recognized 
as curative treatments for early-stage HCC (EHCC) (6,7) 
In addition, local thermal ablation has been suggested as 
a suitable first-line alternative treatment for small HCC 
(8-10). Radiofrequency ablation (RFA) is one of the most 
widely used thermal ablation methods for EHCC and has 
achieved favorable oncological outcome compared with 
liver resection (11-13). However, the recurrence rate after 
ablation is high, which limits the long-term survival of 
HCC patients, and studies have found higher recurrence 
rate and poorer long-term survival in patients with HCC 
after RFA, compared to patients with HCC after surgical 
resection (14-16). Therefore, determining the risk factors 
for recurrence after RFA is crucial for clinicians to develop 
individualized post-RFA adjuvant treatment.

Based on the patterns of recurrence as reported by 
previous studies, HCC recurrence occurring within two 
years after curative treatment such as RFA or surgery is 
categorized early recurrence (ER) while recurrence after 
two years is termed as late recurrence (LR) (17-19). ER has 
been shown to most likely originate from micro-metastases 
of the initial tumor (19,20). In contrast, LR is considered 
to be a de novo tumor with a different clonal origin from 
the initial tumor (17,21). Previous studies suggested that 
aggressive characteristics of the initial tumor, including 
microvascular and macrovascular invasion, multinodularity, 
and satellite nodules, are ER-related risk factors, while LR 
is considered to be closely related to hepatic function and 
host-related characteristics such as active hepatitis, cirrhosis, 
age, and gender (21,22). In addition, for HBV-related HCC, 
viral-related factors such as high viral load were identified as 
independent risk factors for LR (17,23,24). Previous studies 
have demonstrated that the recurrence patterns and survival 
outcomes of patients with LR are different from those of 
patients with ER. Compared with patients with ER, patients 
with LR often present with multiple lesions but have better 
survival outcomes (25,26). Therefore, identifying reliable 
and accurate markers for the early detection of LR of HCC 

is critical. However, only few studies with limited sample 
size have examined LR in HCC patients (27,28). 

Recently, a novel HCC risk score, the age-male-ALBI-
platelets (aMAP) score, was developed and validated in a 
global, multi-ethnic, multi-etiological, prospective cohort 
study of chronic hepatitis to accurately predict the risk of 
hepatitis-related HCC (29). Age and gender were shown 
to be related to HCC recurrence while platelet count, 
serum albumin and serum bilirubin levels were co-related 
with liver function in multiple studies (17,25,30,31). 
Therefore, this scoring system accurately stratifies the risk 
of HCC development for patients with hepatitis and can 
improve early HCC detection by developing personalized 
monitoring strategies. Given that LR of HCC is considered 
as a de novo secondary primary cancer that originates from 
the residual diseased liver (21), we hypothesized that the 
aMAP score may have the potential to predict the risk of 
LR in patients with HBV-related HCC undergoing RFA.

LR-related factors  and patterns  of  HCC after 
hepatectomy or liver transplantation have been explored 
in previous studies (32,33). However, few reports have 
investigated the risk factors and patterns of LR of HCC 
after RFA. To the best of our knowledge, the predictive 
ability of aMAP score for LR in HBV-associated HCC after 
RFA has not been studied. Hence, this study was conducted 
to evaluate the ability of the aMAP score to predict LR of 
HBV-associated HCC and investigate other risk factors 
and patterns of LR. We established a new preoperative 
prognostic factor–based nomogram to identify patients with 
high risk of recurrence and guide clinicians to formulate a 
reasonable treatment plan and improve patient prognosis. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-506).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Boards of the 
National Cancer Center (NCC2019KZ-010) on 20 April 
2019. All participants provided written informed consent 
for inclusion in the study. This study included primary 
early-stage HBV-related HCC patients (18–80 years) and 
underwent RFA as a curative treatment between March 
2012 to December 2020 at the National Cancer Center 
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of China and First Hospital of Shanxi Medical University. 
Patients who met the following criteria were included in our 
study: (I) HCC diagnosed by histopathology or noninvasive 
diagnostic guidelines (34); (II) performance status of 0 or 
1 based on Eastern Cooperative Oncology Group score; 
(III) EHCC patients with chronic HBV infection (solitary 
tumor ≤3 cm or up to three tumors ≤3 cm); (IV) complete 
tumor ablation; (V) positive hepatitis B surface antigen 
(HBsAg) for at least 6 months. We excluded patients based 
on the following criteria: (I) patients who received other 
curative treatment including hepatic resection or hepatic 
transplantation; (II) patients with other types of hepatitis 
(e.g., alcoholic hepatitis, hepatitis A or C, nonalcoholic fatty 
liver disease, etc.); and (III) patients who died or developed 
HCC recurrence within 2 years after RFA were also 
excluded, as this study focused on late recurrence.

Data collection

Demographic, laboratory, and clinical data were collected. 
Demographic data included gender, age, performance 
status, presence of cirrhosis, and Child–Pugh class. 
Hepatitis-related variables included preoperative HBV-
DNA load, HBV envelope antigen, history of anti-HBV 
therapy, and hepatic function indices, such as albumin-
bilirubin (ALBI) grade and aspartic transaminase (AST), 
among others. Tumor-related factors included maximum 
tumor size, tumor number, and serum alpha-fetoprotein 
(AFP). Cirrhosis was defined by liver function tests, medical 
imaging, and etiology according to the Chinese Society of 
Hepatology and liver cirrhosis guidelines of EASL (35,36). 

RFA procedure and postoperative follow-up strategy

RFA was performed by doctors with more than 8 years 
of ablation experience under the guidance of computed 
tomography (CT) or ultrasound. Local anesthesia was 
administered before RFA. All tumor lesions were completely 
ablated (the safe margin of ablation was at least 5 mm) 
(37,38). Enhancement imaging such as contrast-enhanced 
ultrasound or multi-stage enhanced magnetic resonance 
imaging (MRI) was performed immediately after RFA to 
confirm that the focus was completely ablated. If residual 
tumors were found, then repeat RFA was performed until 
complete ablation was achieved. Follow-up examination 
was performed every two months in the first year after 
RFA, once every 3 months in the second year, and once 
every 6 months thereafter until the tumor relapsed or the 

patient died. The last follow-up date was February 28, 
2021. Follow-up examination included routine radiological 
imaging such as ultrasound and CT and laboratory 
tests such as hepatic function test and serum AFP level. 
Recurrent tumors after RFA were treated by hepatectomy, 
repeated ablation, systemic therapy (i.e., sorafenib, 
immunotherapy), or transarterial chemoembolization on a 
case-by-case basis (39,40).

Oncological outcomes

The primary endpoint of this study was late recurrence 
(LR) or recurrence-free survival (RFS), and the secondary 
endpoint was overall survival (OS). The period from the 
initial complete ablation to the first LR of HCC was defined 
as RFS (more than 2 years). The period from the initial 
ablation to the last follow-up or death was defined as OS. 
Tumor recurrence was suspected in patients with a serum 
AFP level of more than 20 ng/mL and new lesions appeared 
on US/CT during routine surveillance. Tumor recurrence 
was confirmed by dynamic CT or MR imaging. Recurrent 
tumors were categorized based on the location of the 
tumor as follows: intrahepatic recurrence and extrahepatic 
recurrence (15).

Statistical analysis 

Continuous variables and categorical variables were evaluated 
by the t-test or Mann–Whitney U-test and by Fisher’s exact 
test or χ2 test as appropriate, respectively. Univariate and 
multivariate Cox proportional hazards models were used to 
analyze factors related to OS and RFS. OS and RFS were 
evaluated by Kaplan–Meier curves. Preoperative aMAP 
scores were calculated using age, sex, bilirubin, albumin, 
and platelet count. The optimal threshold of aMAP scores 
was calculated by X-tile 3.6.1 software (41). The cutoff 
values for age and tumor size were calculated based on the 
mean, and the best threshold of other variables was the 
upper limit value of the hospital laboratory department. 
The accuracy of hazard ratio (HR) was revealed by a two-
tailed 95% confidence interval (CI). Statistical analysis was 
performed using R software (version 3.6.2). The nomogram 
was composed of significant factors (P<0.05) selected from 
multivariate RFS analysis. Internal validation was performed 
by 500 bootstraps resamples. The performance and 
predictive power of the proposed nomogram were evaluated 
by the time-dependent receiver operating characteristic 
(t-ROC) curve and the concordance index (C-index). The 
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observed and predicted survivals were compared to calibrate 
the nomogram for 3-, 4-, and 5-year RFS.

Results

Patient characteristics 

A total of 589 patients with HBV-related HCC from two 
Chinese hospitals were initially included in this study. Out 
of these patients, 144 patients were excluded based on the 
following reasons: ER (n=118), incomplete ablation (n=4), 
tumors beyond 3 cm (n=17), and patients who were lost to 
follow up (n=5). For validation purposes, 302 patients from 
the China National Cancer Center were included in the 
training cohort, and 143 patients from the First Hospital of 
Shanxi Medical University were included in the independent 
external validation cohort The baseline characteristics of 
patients in the validation cohort were shown in Table S1. 
There was no significant difference in baseline characteristics 
between the training cohort and the validation cohort.

Table 1 showed the baseline characteristics of patients 
between the patients with LR and without LR in the 
training cohort. The median patient age was 57.5 years 
old, and the median follow-up time was 48.1 months. The 
training cohort included 75 patients with LR and 227 
patients without LR. There were significant differences in 
aMAP score, gender, tumor number, and preoperative HBV 
DNA level between the two groups (P<0.001). Among the 
75 patients with LR, 71 (94.7%) were male, 44 (58.7%) 
patients had multiple tumors, and 65 (86.7%) patients had 
liver cirrhosis. We performed Kaplan–Meier analysis and 
found that the OS of patients with LR was significantly 
shorter than patients without LR (P=0.003) (Figure 1).

Clinical risk factors for RFS and OS

Univariate and multivariate survival analyses showed that 
aMAP score (HR: 5.298, 95% CI: 2.697–10.408; P<0.001), 
multiple tumors (HR: 2.549, 95%CI: 1.561–4.161; 
P<0.001), and preoperative HBV DNA (HR: 1.917, 95% 
CI: 1.084–3.392; P=0.03) were independent factors affecting 
LR (Table 2). In addition, aMAP score (HR: 2.639, 95% CI: 
1.097–6.344; P=0.03), tumor number (HR: 5.368, 95% CI: 
1.986–14.507; P<0.001), and cirrhosis (HR: 3.429, 95%CI: 
1.338–8.789; P=0.01) were independent factors associated 
with OS (Table 3).

Risk stratification of LR of HCC after RFA based on 
aMAP score

The two best cut-off values of aMAP score (63.8 and 67.8) 
were obtained using X software and used to divide the 
patients into high-, medium- and low-risk groups. The 
aMAP score was an independent hazard factor for LR. 
Kaplan–Meier survival analysis curve revealed significant 
differences in RFS among the high-, medium- and low-risk 
groups (Figure 2A). The high-risk aMAP score group was 
associated with worse RFS (HR, 5.298; 95% CI, 2.697–
10.408; P<0.001) and OS (HR, 2.639; 95% CI, 1.097–
6.344; P=0.03). The 5-year cumulative recurrence rates 
of the high-, medium-, and low-risk groups were 85.1%, 
41.5% and 19.7%, respectively (all P<0.05). The 5-year 
cumulative OS rates of the high-, medium-, and low-
risk groups were 58.6%, 74.0%, and 97.8%, respectively 
(Figure 2B). We achieved a C-index of 0.76 (95% CI: 
0.700–0.810) using the aMAP score to predict LR, and 
the t-AUCs of the aMAP score of 3-, 4-, and 5-year RFS 
were 0.73, 0.76, and 0.72, respectively. The independent 
external validation cohort further confirmed the prediction 
value of the aMAP score and achieved a C-index of 0.77 
(95% CI: 0.700–0.842) to predict LR; the t-AUCs of the 
aMAP score of 3-, 4-, and 5-year RFS were 0.73, 0.77, and 
0.77, respectively.

Development, verification, and calibration of the 
nomogram

A nomogram including aMAP score, tumor number, and 
preoperative HBV DNA level was proposed to predict the 
3-, 4-, and 5-year RFS based on the results of multivariate 
Cox proportional hazards model (Figure 3). The C-index 
of the nomogram was 0.82 (95% CI: 0.772–0.870). The 
t-AUCs of the nomogram of 3-, 4-, and 5-year RFS were 
0.82, 0.83, and 0.77, respectively. We found that the 
nomogram performed better than the traditional reference 
markers in predicting LR (Figure 4A). 

The prognostic performance of the nomogram was 
subsequently tested in the independent external validation 
cohort (Figure 4B). The C-index was 0.82 (95% CI: 
0.750–0.884), and the t-AUCs of the nomogram of 3-, 4-, 
and 5-year RFS were 0.81, 0.84, and 0.81, respectively. The 
calibration curves showed that the proposed nomogram 
fitted well in the two independent cohorts (Figure 5).

https://cdn.amegroups.cn/static/public/JGO-21-506-supplementary.pdf
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Table 1 Baseline demographics of patients in the training cohort

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

N 302 227 (75.2) 75 (24.8)

aMAP score <0.001

≤63.8 204 181 (79.7) 23 (30.7)

63.9–67.8 61 43 (18.9) 18 (24.0)

>67.8 37 3 (1.3) 34 (45.3)

Age (years) 0.091

≤60 195 140 (61.7) 55 (73.3)

>60 107 87 (38.3) 20 (26.7)

Gender <0.001

Female 70 66 (29.1) 4 (5.3)

Male 232 161 (70.9) 71 (94.7)

Max size (cm) 1.000

≤2.2 171 98 (43.2) 33 (44.0)

>2.2 129 (56.8) 42 (56.0)

Tumor number <0.001

One 224 193 (85.0) 31 (41.3)

Multiple 78 34 (15.0) 44 (58.7)

Antiviral therapy 0.084

No 149 105 (46.3) 44 (58.7)

Yes 153 122 (53.7) 31 (41.3)

HBeAg 0.315

Positive 217 167 (73.6) 50 (66.7)

Negative 85 60 (26.4) 25 (33.3)

Preoperative HBV-DNA load >104 copies/mL <0.001

Yes 44 12 (5.3) 32 (42.7)

No 258 215 (94.7) 43 (57.3)

HBsAg (U/mL) 0.194

≤250 194 151 (66.5) 43 (57.3)

>250 108 76 (33.5) 32 (42.7)

Cirrhosis 0.389

No 83 59 (26.0) 24 (32)

Yes 219 168 (74.0) 51 (68.0)

Child–Pugh class

A 293 219 (96.5) 74 (98.7) 0.565

B 9 8 (3.5) 1 (1.3)

Table 1 (continued)
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Table 1 (continued)

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

ALBI grade 0.837

1 164 122 (53.7) 42 (56.0)

2 138 105 (46.3) 33 (44.0)

AFP (ng/mL) 0.362

≤400 267 198 (87.2) 69 (92.0)

>400 35 29 (12.8) 6 (8.0)

AST (U/L) 0.742

≤40 252 188 (82.8) 64 (85.3)

>40 50 39 (17.2) 11 (14.7)

ALT (U/L) 0.908

≤40 65 48 (21.1) 17 (22.7)

>40 237 179 (78.9) 58 (77.3)

PLT (109/L) 0.112

≤100 104 72 (31.7) 32 (42.7)

>100 198 155 (68.3) 43 (57.3)

TBIL (μmol/L) 0.295

≤17.1 206 159 (70.0) 47 (62.7)

>17.1 96 68 (30.0) 28 (37.3)

γ-GT (U/L) 0.279

≤60 218 168 (74.0) 50 (66.7)

>60 84 59 (26.0) 25 (33.3)

aMAP, age-male-albumin-bilirubin-platelet; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; AST, aspartic transaminase; ALT, alanine 
transaminase; PLT, platelet; TBIL, total bilirubin; γ-GT, gamma-glutamyltransferase.

Figure 1 Kaplan-Meier curve for OS of HCC patients with and 
without late recurrence after RFA. OS, overall survival; HCC, 
hepatocellular carcinoma; RFA, radiofrequency ablation.
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Patterns and treatment of LR after RFA

Among the 75 patients who developed late recurrence, 
68(90.7%) were first diagnosed to have intrahepatic 
recurrence only and 7 (9.3%) to have intrahepatic and 
extrahepatic recurrence. There were no patients who had 
extrahepatic metastases only without intrahepatic recurrence. 
Multiple tumors were present in 56% of recurrent cases. LR 
was treated as follows: hepatectomy (50.7%), repeat ablation 
(40.0%), transarterial chemoembolization (5.3%), systemic 
therapy (2.7%), and best supportive care (1.3%).

Discussion 

This multicenter retrospective study found that the aMAP 
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Table 2 Cox regression analyses of risk factors for late recurrence

Variables (RFS)
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

aMAP score <0.001

≤63.8

63.9–67.8 2.714 1.464–5.033 0.002 2.160 1.148–4.063 0.017

>67.8 11.623 6.821–19.806 <0.001 5.298 2.697–10.408 <0.001

Max tumor size (≤2.2 vs. >2.2 cm) 0.971 0.615–1.532 0.899

Tumor number (one vs. multiple) 4.471 2.822–7.084 <0.001 2.549 1.561–4.161 <0.001

Antiviral therapy (no vs. yes) 0.771 0.485–1.225 0.271

Cirrhosis (no vs. yes) 0.955 0.587–1.553 0.852

HBeAg (negative vs. positive) 0.896 0.553–1.45 0.654

HBV DNA (≤104 vs. >104 copies/mL) 5.568 3.516–8.816 <0.001 1.917 1.084–3.392 0.03

HBsAg (≤250 vs. >250 U/mL) 1.245 0.788–1.97 0.348

Child-Pugh class (A vs. B) 0.551 0.076–3.969 0.554

AFP (≤400 vs. >400 ng/mL) 0.665 0.288–1.531 0.337

AST (≤40 vs. >40 U/L) 0.685 0.361–1.3 0.248

ALT (≤40 vs. >40 U/L) 1.294 0.753–2.226 0.351

γ-GT (≤60 vs. >60 U/L) 1.372 0.848–2.22 0.198

aMAP, age-male-albumin-bilirubin-platelet; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; AST, aspartic transaminase; ALT, alanine 
transaminase; PLT, platelet; TBIL, total bilirubin; γ-GT, gamma-glutamyltransferase.

score appropriately discriminated among low, medium, and 
high-risk groups for LR in HBV-related HCC after RFA. 
In addition, multiple tumors, preoperative HBV DNA level, 
and aMAP score were identified as independent predictive 
factors for LR, and the proposed nomogram had excellent 
performance in assessing LR of HBV-related HCC. These 
results indicate that the nomogram can be used by clinicians 
to develop individualized follow-up strategies and adjuvant 
treatment after RFA.

The high recurrence rate of HCC after RFA significantly 
affects the long-term survival of HCC patients in clinical 
practice. In this study, we first evaluated the predictive value 
of the aMAP score for LR after RFA and then verified it 
in an independent cohort. The high-risk group with an 
aMAP score >67.8 had the worst RFS and OS compared 
with medium-risk and low-risk groups. Hence, the high-
risk group of patients should receive close surveillance after 
RFA for timely detection of LR. The variables included 
in the aMAP score, namely, age, male, ALBI, and platelet 
count, have been found to be associated with LR of HCC in 

previous studies (42,43). ALBI reflects hepatic function, and 
platelet count represents the degree of hepatic fibrosis (44).  
Most previous studies also confirmed that male gender is 
associated with higher recurrence rates of HCC (45,46). 
Notably, these variables can be easily obtained to calculate 
aMAP score in clinical practice and are not affected by 
virus-related factors such as viral load and antiviral drugs. 
Therefore, the aMAP score is suitable for predicting LR in 
patients with HBV-related HCC, regardless of the history 
of antiviral therapy.

Understanding the recurrence patterns of LR of HBV-
related HCC is vital for clinicians to design appropriate 
follow-up strategies and guide treatment. The main 
pattern of LR in this study was the presence of multiple 
intrahepatic metastases. This finding supports the 
hypothesis that LR develops in the background of hepatitis 
or cirrhosis and it that LR is a de novo second primary 
cancer with a different clonal origin than that of initial 
tumor (15,21,26). A high viral load has been reported 
to be associated with LR of HCC, and antiviral therapy 
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Table 3 Cox regression analyses of risk factors for OS

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

N 302 227 (75.2) 75 (24.8)

aMAP score <0.001

≤63.8 204 181 (79.7) 23 (30.7)

63.9–67.8 61 43 (18.9) 18 (24.0)

>67.8 37 3 (1.3) 34 (45.3)

Age (years) 0.091

≤60 195 140 (61.7) 55 (73.3)

>60 107 87 (38.3) 20 (26.7)

Gender <0.001

Female 70 66 (29.1) 4 (5.3)

Male 232 161 (70.9) 71 (94.7)

Max size (cm) 1.000

≤2.2 171 98 (43.2) 33 (44.0)

>2.2 129 (56.8) 42 (56.0)

Tumor number <0.001

One 224 193 (85.0) 31 (41.3)

Multiple 78 34 (15.0) 44 (58.7)

Antiviral therapy 0.084

No 149 105 (46.3) 44 (58.7)

Yes 153 122 (53.7) 31 (41.3)

HBeAg 0.315

Positive 217 167 (73.6) 50 (66.7)

Negative 85 60 (26.4) 25 (33.3)

Preoperative HBV-DNA load >104 copies/mL <0.001

Yes 44 12 (5.3) 32 (42.7)

No 258 215 (94.7) 43 (57.3)

HBsAg (U/mL) 0.194

≤250 194 151 (66.5) 43 (57.3)

>250 108 76 (33.5)  32 (42.7)

Cirrhosis 0.389

No 83 59 (26.0) 24 (32.0)

Yes 219 168 (74.0) 51 (68.0)

Child–Pugh class

A 293 219 (96.5) 74 (98.7) 0.565

B 9 8 (3.5) 1 (1.3)

Table 3 (continued)
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Table 3 (continued)

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

ALBI grade 0.837

1 164 122 (53.7) 42 (56.0)

2 138 105 (46.3) 33 (44.0)

AFP (ng/mL) 0.362

≤400 267 198 (87.2) 69 (92.0)

>400 35 29 (12.8) 6 (8.0)

AST (U/L) 0.742

≤40 252 188 (82.8) 64 (85.3)

>40 50 39 (17.2) 11 (14.7)

ALT (U/L) 0.908

≤40 65 48 (21.1) 17 (22.7)

>40 237 179 (78.9) 58 (77.3)

PLT (109/L) 0.112

≤100 104 72 (31.7) 32 (42.7)

>100 198 155 (68.3) 43 (57.3)

TBIL (μmol/L) 0.295

≤17.1 206 159 (70.0) 47 (62.7)

>17.1 96 68 (30.0) 28 (37.3)

γ-GT (U/L) 0.279

≤60 218 168 (74.0) 50 (66.7)

>60 84 59 (26.0) 25 (33.3)

aMAP, age-male-albumin-bilirubin-platelet; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; AST, aspartic transaminase; ALT, alanine 
transaminase; PLT, platelet; TBIL, total bilirubin; γ-GT, gamma-glutamyltransferase.

Figure 2 Kaplan-Meier curves for RFS (A) and OS (B) of patients in low-risk, medium-risk and high-risk groups. RFS, recurrence-free 
survival; OS, overall survival.
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Figure 3 The nomogram for predicting the RFS after RFA. RFS, recurrence-free survival; RFA, radiofrequency ablation.

1

0

1

0

1

0

1

0

1

0

1

0

0	 1
1–Specificity

0	 1
1–Specificity

0	 1
1–Specificity

0	 1
1–Specificity

0	 1
1–Specificity

0	 1
1–Specificity

NOMOGRAM 0.82 (0.74–0.89) 
BCLC 0.61 (0.54–0.68) 
aMAP 0.73 (0.65–0.82)
Number 0.69 (0.61–0.77)
HBV (DNA) 0.67 (0.60–0.75)

NOMOGRAM 0.81 (0.69–0.92)
BCLC 0.64 (0.53–0.74)
aMAP 0.73 (0.61–0.85)
Number 0.74 (0.63–0.85)
HBV (DNA) 0.65 (0.53–0.77)

NOMOGRAM 0.83 (0.77–0.89)
BCLC 0.59 (0.51–0.67)
aMAP 0.76 (0.69–0.84)
Number 0.67 (0.59–0.74)
HBV (DNA) 0.67 (0.60–0.74)

NOMOGRAM 0.84 (0.75–0.93)
BCLC 0.63 (0.52–0.73)
aMAP 0.79 (0.69–0.90)
Number 0.71 (0.60–0.82)
HBV (DNA) 0.68 (0.58–0.78)

NOMOGRAM 0.77 (0.69–0.86)
BCLC 0.62 (0.53–0.71)
aMAP 0.72 (0.64–0.80)
Number 0.64 (0.56–0.73)
HBV (DNA) 0.63 (0.56–0.71)

NOMOGRAM 0.81 (0.70–0.92)
BCLC 0.66 (0.53–0.79)
aMAP 0.77 (0.66–0.89)
Number 0.68 (0.56–0.80)
HBV (DNA) 0.64 (0.53–0.75)

S
en

si
tiv

ity
S

en
si

tiv
ity

S
en

si
tiv

ity
S

en
si

tiv
ity

S
en

si
tiv

ity
S

en
si

tiv
ity

A

B

Figure 4 The t-ROC of the nomogram predicting the 3-, 4- and 5-year RFS in the training cohort (A) and the validation cohort (B). t-ROC, 
time-dependent receiver operating characteristic; RFS, recurrence-free survival.
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Figure 5 The calibration curves predicting RFS after RFA in the training cohort (A) and the validation cohort (B). RFS, recurrence-free 
survival; RFA, radiofrequency ablation.

has been proven to reduce the recurrence rate (47). This 
study also found that elevated serum HBV DNA level  
(>104 copies/mL) is a strong risk predictor of HCC 
late recurrence independent of HBeAg and HBsAg. 
An active HBV-DNA replication in HCC may initiate 
hepatocarcinogenesis via both direct and indirect 
carcinogenic mechanisms after RFA. Therefore, routine 
antiviral and anti-inflammatory treatment is the key to 
decrease the LR rate in patients with HBV-related HCC. 
The nomogram proposed in this study integrated the aMAP 
score, virus-related factors, and tumor load and accurately 
and reliably identified patients at a high risk for LR.

Despite promising results, this study has several 
limitations. First, this retrospective study had a small 
sample size and inherent limitations. Second, the diversity 
in the treatment of LR after RFA directly affected the OS 
of the study patients; therefore, we took RFS as the primary 
endpoint instead of OS in this study. Third, this study only 
included patients with HCC caused by HBV infection and 
we did not include patients with HCC caused by other 
etiologies. Future prospective multicenter studies with 
larger sample sizes and HCC patients with other etiologies 
are required to validate the findings of this study. Finally, 
this study did not analyze the survival outcomes of different 
treatment methods for LR.

In summary, our results demonstrated that the aMAP 
score may serve as a potential and objective predictor of LR 
for HBV-related HCC patients after RFA. The nomogram 
based on preoperative HBV DNA level, aMAP score, and 
multiple tumors may reliably help clinicians stratify the risk 
of LR to formulate personalized follow-up strategies and 
adjuvant therapy after RFA.
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Table S1 Patient demographics on validation group

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

N 143 106 (74.1) 37 (25.9)

aMAP score <0.001

<63.8 93 84 (79.2) 9 (24.3)

63.9–67.8 32 21 (19.8) 11 (29.7)

>67.8 18 1 (0.9) 17 (45.9)

Age (years) 0.131

≤60 100 70 (66.0) 30 (81.1)

>60 43 36 (34.0) 7 (18.9)

Gender 0.007

Female 27 26 (25.5) 1 (2.7)

Male 116 80 (75.5) 36 (97.3)

Max size (cm) 0.466

≤2.2 48 (45.3) 20 (54.1)

>2.2 58 (54.7)  17 (45.9)  

Number <0.001

Solitary 103 91 (85.8) 12 (32.4)

Multiple 40 15 (14.2) 25 (67.6)

Antiviral therapy 0.025

No 72 47 (44.3) 25 (67.6)

Yes 71 59 (55.7) 12 (32.4)

HBeAg 0.302

Positive 104 80 (75.5) 24 (64.9)

Negative 39 26 (24.5) 13 (35.1)

HBsAg (U/mL) 0.618

≥250 39 (36.8) 16 (43.2)

<250 67 (53.2) 21 (56.8)

Preoperative HBV-DNA load >104 copies/mL <0.001

Yes 23 6 (5.7) 17 (45.9)

No 120 100 (94.3) 20 (54.1)

Cirrhosis 0.126

No 30 26 (24.5) 4 (10.8)

Yes 113 80 (75.5) 33 (89.2)

Child-Pugh class 1.000

A 139 103 (97.2) 36 (97.3)

B 4 3 (2.8) 1 (2.7)

Table S1 (continued)

Supplementary
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Table S1 (continued)

Characteristics Total patients No late recurrence, n (%) Late recurrence, n (%) P value

ALBI grade 0.242

1 83 58 (54.7) 25 (67.6)

2 60 48 (45.3) 12 (32.4)

AFP (ng/mL) 0.216

≤400 130 94 (88.7) 36 (97.3)

>400 13 12 (11.3) 1 (2.7)

ALB (g/L) 0.093

≤35 11 11 (10.4) 0 (0)

>35 132 95 (89.6) 37 (100.0)

AST (U/L) 0.717

≤40 119 87 (82.1) 32 (86.5)

>40 24 19 (17.9) 5 (13.5)

ALT (U/L) 0.721

≤40 32 25 (23.6) 7 (18.9)

>40 111 81 (76.4) 30 (81.1)

PLT (109/L) 0.271

≤100 53 36 (34.0) 17 (45.9)

>100 90 70 (66.0) 20 (54.1)

TBIL (μmol/L) 0.603

≤17.1 92 70 (66.0) 22 (59.5)

>17.1 51 36 (34.0) 15 (40.5)

γ-GT (U/L) 0.381

≤60 99 76 (71.7) 23 (62.2)

>60 44 30 (28.3) 14 (37.8)

aMAP, age-male-albumin-bilirubin-platelet; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; AST, aspartic transaminase; ALT, alanine 
transaminase; PLT, platelet; TBIL, total bilirubin; γ-GT, gamma-glutamyltransferase.


