
O R I G I N A L  R E S E A R C H

Development and Validation of Novel Models 
Including Tumor Micronecrosis for Predicting the 
Postoperative Survival of Patients with Hepatocellular 
Carcinoma
Xuqi Sun1,*, Yangyang Wang2,3,*, Hongbin Ge2,3, Cao Chen2,3, Xu Han2,3, Ke Sun4, Meng Wang4, 
Xiaobao Wei2,3, Mao Ye2,3, Qi Zhang2,3,5,6, Tingbo Liang2,3,5,6

1Department of Medical Oncology, the First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, People’s Republic of China; 
2Department of Hepatobiliary and Pancreatic Surgery, the First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, People’s 
Republic of China; 3Zhejiang Provincial Key Laboratory of Pancreatic Disease, the First Affiliated Hospital, Zhejiang University School of Medicine, 
Hangzhou, People’s Republic of China; 4Department of Pathology, the First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, 
People’s Republic of China; 5Zhejiang University Cancer Center, Hangzhou, People’s Republic of China; 6Zhejiang Clinical Research Center of 
Hepatobiliary and Pancreatic Diseases, Hangzhou, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Tingbo Liang; Qi Zhang, Department of Hepatobiliary and Pancreatic Surgery, the First Affiliated Hospital, Zhejiang University School of 
Medicine, No. 79 Qingchun Road, Hangzhou, 310003, People’s Republic of China, Tel/Fax +86-0571-87236601, Email liangtingbo@zju.edu.cn;  
qi.zhang@zju.edu.cn 

Background: The heterogeneity of hepatocellular carcinoma (HCC) leads to the unsatisfying predictive performance of current 
staging systems. HCC patients with pathological tumor micronecrosis have an immunosuppressive microenvironment. We aimed to 
develop novel prognostic models by integrating micronecrosis to predict the survival of HCC patients after hepatectomy more 
precisely.
Methods: We enrolled 765 HCC patients receiving curative hepatic resection. They were randomly divided into a training cohort (n= 536) 
and a validation cohort (n = 229). We developed two prognostic models for postoperative recurrence-free survival (RFS) and overall survival 
(OS) based on independent factors identified through multivariate Cox regression analyses. The predictive performance was assessed using 
the Harrell concordance index (C-index) and the time-dependent area under the receiver operating characteristic curve, compared with six 
conventional staging systems.
Results: The RFS and OS nomograms were developed based on tumor micronecrosis, tumor size, albumin-bilirubin grade, tumor 
number and prothrombin time. The C-indexes for the RFS nomogram and OS nomogram were respectively 0.66 (95% CI, 0.62–0.69) 
and 0.74 (95% CI, 0.69–0.79) in the training cohort, which was significantly better than those of the six common staging systems 
(0.52–0.61 for RFS and 0.53–0.63 for OS). The results were further confirmed in the validation group, with the C-indexes being 0.66 
and 0.77 for the RFS and OS nomograms, respectively.
Conclusion: The two nomograms could more accurately predict RFS and OS in HCC patients receiving curative hepatic resection, 
thereby aiding in formulating personalized postoperative follow-up plans.
Keywords: hepatocellular carcinoma, micronecrosis, postoperative survival

Introduction
Hepatocellular carcinoma (HCC), one of the most common malignancies, is the third leading cause of cancer-related mortality.1 

Curative hepatectomy remains the most effective treatment for HCC patients. Unfortunately, the postoperative recurrence rate 
can reach up to 70% in five years, which causes the dismal survival of HCC patients.2 Due to the high heterogeneity of HCC, it is 
challenging to develop clinical models to predict precisely the postoperative prognosis of patients. Several conventional staging 
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systems have been developed to stratify HCC patients with different survival such as the American Joint Committee on Cancer 
(AJCC) tumor node metastasis (TNM) staging system, Barcelona Clinic Liver Cancer (BCLC) staging classification, Chinese 
University Prognostic Index (CUPI), Hong Kong Liver Cancer (HKLC) staging system, Japan Integrated Staging (JIS) score, 
Tokyo score, and Cancer of the Liver Italian Program (CLIP) scoring system; however, there has been no consensus on which 
system is the optimal.3–8 Besides, these models have limited accuracy in predicting prognosis owing to inherent limitations as the 
heterogeneity of HCC comprises not only tumor burden and liver function, but also other distinctive factors such as micro-
vascular invasion (MVI).

MVI, a sign for aggressive biology, has been recognized as a predictor of HCC recurrence other than tumor size and 
number.9 However, some patients still suffer from early recurrence even without these high-risk factors, indicating the 
necessity to detect other factors to reflect the behavior and heterogeneity of HCC more comprehensively. Unlike massive 
necrosis, micronecrosis can only be detected under the microscope and is caused by abnormal angiogenesis and chronic 
ischemic injury.10,11 Our previous studies have found that micronecrosis, a poor prognostic factor for HCC, can identify 
HCC patients who can benefit from adjuvant transarterial chemoembolization (TACE).12 We have further explored the 
potential mechanism with mass cytometry and found that the proportions of exhausted T cells and regulatory T cells are 
substantially high in HCCs with micronecrosis, which indicates an immunosuppressive microenvironment.12 Further 
research is required to determine whether micronecrosis can complement existing clinicopathologic factors in predicting 
the prognosis of HCC patients.

We aimed to explore and validate the prognostic value of micronecrosis in predicting the risk of recurrence and 
mortality in HCC patients after hepatic resection by developing two novel prognostic models. We also compared the 
predictive performance of our models with that of other conventional staging systems.

Methods
Patient Selection and Study Design
To construct the predicting models for postoperative survival, we consecutively enrolled HCC patients receiving hepatic 
resection from June 2014 to April 2018 at the First Affiliated Hospital, Zhejiang University School of Medicine 
(FAHZU). The inclusion criteria were: 1) pathologically diagnosed as HCC; 2) curative hepatectomy with R0 resection 
and 3) conserved liver function with Child-Pugh class A or B. Patients were excluded for 1) with macrovascular invasion 
or extrahepatic metastasis; 2) receiving other anti-tumor treatments such as TACE or systemic drugs; 3) with other 
primary cancers; 4) incomplete follow-up data or 5) without sufficient formalin-fixed, paraffin-embedded (FFPE) 
specimens for micronecrosis evaluation. A total of 765 patients were finally included in this study. The patients were 
randomly divided into training and validation cohorts (n = 536 and 229, respectively). We identified independent 
prognostic factors for recurrence-free survival (RFS) and overall survival (OS) in the training cohort and constructed 
corresponding nomograms, which were further tested in the validation cohort. Moreover, we stratified all patients 
according to common staging systems including TNM, BCLC, CUPI, HKLC, JIS, Tokyo score, and CLIP, and compared 
the predictive performance of our nomograms with these staging systems. This study was approved by the institutional 
review board of FAHZU (approved ethics number: IIT20220798A).

Tumor Micronecrosis Assessment
The FFEP specimens were cut into 5-μm-thick slides and stained with hematoxylin and eosin (H&E). We took specimens 
from at least five regions for each tumor, including the central zone of the tumor. The grades of tumor micronecrosis were 
evaluated by two experienced pathologists based on our previously reported scoring system.12 In summary, the grades of 
micronecrosis were determined based on the proportion of necrotic area microscopically as follows: grade = 0, ≤5%; 
grade = 1, 5%-20%; grade = 2, 20%-50%; and grade = 3, >50%. Patients with grade 3 were excluded, as grade 3 
micronecrosis was nearly gross necrosis and only existed in a quite small proportion of patients. All the specimens were 
assessed by two pathologists independently who were blinded to the clinical data of patients. Any inconsistency of 
assessment results was resolved by consensus after discussion.
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Statistical Analyses
RFS and OS were the main endpoints in this study. The RFS was calculated from the date of surgical resection to the date 
of recurrence or last follow-up. The OS was defined as the period from the surgery date to the date of death or last 
follow-up. Chi-square or Fisher’s exact test was performed to compare baseline characteristics between the training and 
validation cohorts. The univariate and multivariate analyses were adopted to identify independent prognostic factors for 
RFS and OS, respectively. Nomograms were constructed based on the results of multivariate analyses. The predictive 
performance of our models was assessed using the Harrell’s concordance index (C-index), the time-dependent area under 
the receiver operating characteristic curve (td AUROC) and decision curve analyses (DCA). Bootstrapping with 1000 
samples was performed for calculation. We also compared the discriminatory ability of our nomograms with that of other 
conventional staging systems (TNM, BCLC, CUPI, HKLC, JIS, Tokyo score, and CLIP) in terms of the aforementioned 
two parameters. The compareC R package was used to compare the C indexes of different prognostic models.13 To 
further validate the discriminatory ability of our models, we stratified patients into three subgroups with low, medium and 
high risk for postoperative recurrence or death by the 50th and 85th percentiles of the corresponding risk scores in the 
training and validation cohorts based on a previously reported statistical approach for the validation of the Cox 
proportional hazards regression model.14 The Kaplan-Meier (K-M) method with the Log rank test was adopted to 
compare the survival curves among subgroups with different risks. All statistical analyses and plotting were performed 
with the R software, version 3.5.0. A two-sided P-value less than 0.05 was considered statistically significant.

Results
Baseline Characteristics of Patients
The detailed clinicopathological characteristics are listed in Table 1. The median age was 56.5 and 57.0 years old in the 
training and validation cohorts, respectively. Most patients were infected with hepatitis B virus (HBV), with 83.0% in the 
training cohort and 83.8% in the validation cohort. MVI was detected in 27.6% of patients in the training cohort, while 
27.9% of patients in the validation cohort had MVI. In the training cohort, 28.9% of patients had grade 1 micronecrosis, 

Table 1 Baseline Characteristics of the Training and Validation Cohorts

Variables Training Cohort n (%) Validation Cohort n (%) P value

Sample size n=536 n=229

Age, years 0.271

≤60 334(62.3) 133(58.1)
>60 202(37.7) 96(41.9)

Sex 0.748

Male 436(81.3) 184(80.3)
Female 100(18.7) 45(19.7)

HBsAg 0.781

Negative 91(17.0) 37(16.2)
Positive 445(83.0) 192(83.8)

MVI 0.924

Negative 388(72.4) 165(72.1)
Positive 148(27.6) 64(27.9)

Tumor micronecrosis 0.168

0 307(57.3) 118(51.5)
1 155(28.9) 82(35.8)

2 74(13.8) 29(12.7)

Cirrhosis 0.501
No 95(17.7) 36(15.7)

Yes 441(82.3) 193(84.3)

(Continued)
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and 13.8% had grade 2 micronecrosis, whereas, in the validation cohort, the corresponding proportions of which were 
35.8% and 12.7% respectively. Patients with MVI tended to have micronecrosis. Among the whole cohort, 15.2% (116/ 
765) patients had co-occurrence of MVI and micronecrosis, 12.5% (96/765) patients had MVI only, 29.3% (224/765) had 
micronecrosis only, and 43.0% (329/765) patients had neither MVI nor micronecrosis. Most patients had solitary HCC 
and albumin-bilirubin (ALBI) grade I. There was no significant difference between the training and validation cohorts in 
terms of baseline characteristics. The median RFS was 35.8 months for the whole cohort, which was 38.4 and 31.0 
months in the training and validation cohorts respectively. The median OS did not reach in both cohorts. The survival 
curves are shown in Supplementary Figure 1.

Development of RFS and OS Predicting Nomograms
To identify independent prognostic factors for RFS and OS after hepatic resection, we performed univariate and 
multivariate Cox regression analyses in the training cohort, and the results are shown in Table 2. Although MVI was 
statistically significant in the univariate analyses for both RFS and OS, it was not an independent factor after multivariate 
analyses. Micronecrosis, tumor number, tumor size and ALBI grade were independently associated with recurrence. In 
term of OS, micronecrosis, tumor size, ALBI grade and prothrombin time (PT) were independent prognostic factors. 
Based on these results, we constructed the corresponding nomograms to predict the prognosis of HCC patients after 
curative hepatic resection (Figure 1).

Table 1 (Continued). 

Variables Training Cohort n (%) Validation Cohort n (%) P value

Sample size n=536 n=229

Tumor number 0.113

1 480(89.6) 203(88.6)
2 46(8.6) 16(7.0)

≥3 10(1.9) 10(4.4)

Tumor size, cm 0.438
≤2 138(25.7) 50(21.8)

2–5 289(53.9) 134(58.5)

>5 109(20.3) 45(19.7)
AFP, ng/mL 0.292

≤20 242(45.1) 100(43.7)

20–400 187(34.9) 72(31.4)
>400 107(20.0) 57(24.9)

NLR 0.995

≤2 281(52.4) 120(52.4)
>2 255(47.6) 109(47.6)

PLT, 109/L 0.285

≥100 402(75.0) 180(78.6)
<100 134(25.0) 49(21.4)

ALBI grade 0.428

1 401(74.8) 176(76.9)
2 133(24.8) 53(23.1)

3 2(0.4) 0(0.0)

PT, second 0.991
≤13.5 494(92.2) 211(92.1)

>13.5 42(7.8) 18(7.9)

Abbreviations: MVI, microvascular invasion; AFP, alpha-fetoprotein; NLR, neutrophil-to-lymphocyte ratio; PLT, platelet 
count; ALBI, albumin-bilirubin; PT, prothrombin time.
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Table 2 Univariate and Multivariate Analyses for RFS and OS in the Training Cohort

Variables RFS OS

Univariate Multivariate Univariate Multivariate

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

Age, years 0.143 0.038 0.132

≤60 ref ref ref

>60 1.20(0.94–1.52) 1.54(1.03–2.31) 1.37(0.91–2.07)
Sex 0.203 0.747

Male ref ref

Female 0.81(0.59–1.12) 1.09(0.64–1.87)
HBsAg 0.778 0.171

Negative ref ref

Positive 0.96(0.69–1.31) 0.71(0.43–1.16)
MVI 0.01 0.285 0.039 0.643

Negative ref ref ref ref

Positive 1.40(1.08–1.80) 1.16(0.89–1.52) 1.56(1.02–2.38) 1.11(0.71–1.74)
Tumor micronecrosis <0.001 0.035 <0.001 <0.001

0 ref ref ref ref

1 1.30(1.00–1.70) 1.10(0.84–1.45) 1.85(1.13–3.05) 1.57(0.94–2.63)
2 2.06(1.49–2.86) 1.57(1.12–2.21) 4.83(2.96–7.90) 3.37(2.03–5.61)

Cirrhosis 0.061 0.117

No ref ref
Yes 1.38(0.99–1.94) 1.65(0.88–3.10)

Tumor number 0.027 0.014 0.140

1 ref ref ref
2 1.35(0.92–1.98) 1.14(0.77–1.68) 1.74(0.95–3.19)

≥3 2.81(1.32–5.98) 3.09(1.44–6.63) 2.15(0.68–6.83)

Tumor size, cm <0.001 <0.001 <0.001 <0.001
≤2 ref ref ref ref

2–5 1.69(1.22–2.35) 1.66(1.19–2.31) 3.28(1.48–7.25) 2.82(1.27–6.28)

>5 3.58(2.49–5.15) 3.03(2.04–4.50) 8.09(3.62–18.09) 5.98(2.59–13.8)
AFP, ng/mL 0.493 0.162

≤20 ref ref

20–400 0.90(0.69–1.17) 1.24(0.77–1.98)
>400 1.09(0.80–1.49) 1.65(0.99–2.77)

NLR 0.725 0.158

≤2 ref ref
>2 0.96(0.76–1.21) 1.34(0.89–2.02)

PLT, 109/L 0.677 0.527

≥100 ref ref
<100 0.95(0.72–1.23) 0.86(0.53–1.39)

ALBI grade 0.026 0.033 0.002 0.043

1 ref ref ref ref
2 1.42(1.10–1.84) 1.41(1.09–1.83) 2.09(1.38–3.16) 1.76(1.13–2.73)

3 – – – –
PT, second 0.063 0.008 0.006

≤13.5 ref ref ref

>13.5 1.47(0.98–2.20) 2.21(1.23–3.97) 2.43(1.29–4.56)

Abbreviations: MVI, microvascular invasion; AFP, alpha-fetoprotein; NLR, neutrophil-to-lymphocyte ratio; PLT, platelet count; ALBI, albumin-bilirubin; PT, prothrombin 
time; HR, hazard ratio; CI, confidence interval.
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Calibration and Validation of RFS and OS Nomograms
The C-indexes of RFS and OS nomograms were 0.66 (95% CI, 0.62–0.69) and 0.74 (95% CI, 0.69–0.79), respectively, in 
the training cohort. In the validation cohort, the C-indexes of RFS and OS nomograms were 0.66 (95% CI, 0.62–0.71) 
and 0.77 (95% CI, 0.70–0.83), respectively. As shown in Figure 2A–C, the RFS predicted by the nomogram correlated 
well with the actual RFS in the training cohort. The training cohort also demonstrated an excellent agreement between 
the predicted and actual OS (Figures 3A–C). In the validation cohort, our nomograms presented good correlations 
between the predicted and actual prognosis in both RFS and OS (Figures 2D–F and 3D–F). We further calculated and 
plotted the area under the receiver operating characteristics curves (AUROC) of 1-, 2-, 3-, 4- and 5-year RFS and OS in 
training and validation cohorts. In terms of RFS, for the training cohort, the 1-year AUROC was 0.73; the 2-year 
AUROC, 0.71; the 3-year AUROC, 0.68; the 4-year AUROC, 0.76; and the 5-year AUROC, 0.66 (Figure 4A). For the 

Figure 1 The recurrence-free survival (RFS) nomogram (A) and overall survival nomogram (OS) nomogram (B) for predicting postoperative recurrence and death in HCC 
patients.
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validation cohort, the 1-year AUROC was 0.72; the 2-year AUROC, 0.71; the 3-year AUROC, 0.72; the 4-year AUROC, 
0.68; and the 5-year AUROC, 0.65 (Figure 4B). In terms of OS, for the training group, the 1-year AUROC was 0.71; the 
2-year AUROC, 0.77; the 3-year AUROC, 0.74; the 4-year AUROC, 0.75; and the 5-year AUROC, 0.76 (Figure 4C). For 
the validation group, the 1-year AUROC was 0.78; the 2-year AUROC, 0.81; the 3-year AUROC, 0.80; the 4-year 
AUROC, 0.76; and the 5-year AUROC, 0.71 (Figure 4D). In addition, the DCA curves showed good positive net benefits 
in training and validation cohorts for RFS and OS at different time points (recurrence and death at 1, 3, 5 years) 
(Supplementary Figure 2). As shown in the DCA, “all” and “none” represented that all the patients were recurrence-free 
and recurrent (Supplementary Figure 2A and B) or alive and dead (Supplementary Figure 2C and D).The net benefit of 
RFS nomogram was higher than that of treat none or treat all strategies within a threshold probability range of 0.13 to 
0.72. In terms of OS, the net benefit of the prognostic model was better within a threshold probability range of 0.02 to 
0.50. After stratifying the patients based on the risk scores calculated with independent factors for recurrence or death, 
the survival curves were plotted with the K-M method. As shown in Supplementary Figures 3A and B, patients with 
different risk scores for recurrence had significantly different RFS in either training or validation cohort (P < 0.001). 
Similarly, the OS differed significantly among patients with varying scores for death in both training and validation 
cohorts (P < 0.001) (Supplementary Figures 3C and D).

Comparing Predictive Performance with Conventional Staging Systems
We further compared the predictive performance of our nomograms with that of conventional staging systems (TNM, 
BCLC, CUPI, HKLC, JIS, Tokyo score, and CLIP). For the RFS nomogram, the C-index was substantially higher than 

Figure 2 The calibration curves for predicting the 1-, 3- and 5-year recurrence-free survival (RFS) in the training (A–C) and validation (D–F) cohorts.
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that of TNM (0.61, 95% CI: 0.58–0.64, P < 0.001), BCLC (0.58, 95% CI: 0.56–0.61, P < 0.001), CUPI (0.52, 95% CI: 
0.49–0.55, P < 0.001), HKLC (0.59, 95% CI: 0.56–0.62, P < 0.001), JIS (0.57, 95% CI: 0.66–0.60, P < 0.001), Tokyo 
score (0.60, 95% CI: 0.57–0.63, P < 0.001), and CLIP (0.55, 95% CI: 0.52–0.58, P<0.001). The superiority of the RFS 
nomogram in predicting recurrence was confirmed in the validation cohort. The detailed data are listed in Table 3. As 
demonstrated by the td AUROC, our RFS nomogram had a better ability to predict postoperative recurrence than other 
staging systems in both training and validation cohorts (Figures 5A and B). The superiority of the OS nomogram was 
also assessed. The C-index of our OS nomogram was significantly higher than that of TNM (0.61, 95% CI: 0.56–0.67, 
P < 0.001), BCLC (0.61, 95% CI: 0.57–0.65, P < 0.001), CUPI (0.53, 95% CI: 0.48–0.58, P < 0.001), HKLC (0.61, 95% 
CI: 0.56–0.66, P < 0.001), JIS (0.59, 95% CI: 0.55–0.63, P < 0.001), Tokyo score (0.62, 95% CI: 0.57–0.68, P < 0.001) 
and CLIP (0.57, 95% CI: 0.51–0.62, P < 0.001) in the training cohort. These results were verified in the validation cohort. 
The corresponding td AUROCs are shown in Figures 5C and 5D.

Discussion
Hepatic resection remains the most effective treatment modality for HCC, but the high rate of postoperative recurrence 
impedes survival improvement. Studies have found that curative local ablative therapy can achieve comparable survival 
in primary and recurrent HCC patients, highlighting the necessity for timely prediction and detection of recurrent 
HCCs.15,16 In this study, we developed and validated two prognostic models for RFS and OS by integrating micro-
necrosis and other conventional variables for HCC patients receiving curative hepatic resection. The C-indexes in the 
training and validation cohorts were, respectively, 0.66 and 0.66 for RFS prediction and 0.74 and 0.77 for OS prediction. 

Figure 3 The calibration curves for predicting the 1-, 3- and 5-year overall survival (OS) in the training (A–C) and validation (D–F) cohorts.
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The RFS and OS nomograms had superior predictive performance compared with conventional staging systems (TNM, 
BCLC, CUPI, HKLC, JIS, Tokyo score, and CLIP), which remained consistent during follow-up. The risk scores could 
stratify patients with distinct prognoses. The RFS and OS nomograms in this study could be potential useful tools for 
predicting postoperative survival in HCC patients during clinical practice.

For HCC patients, recurrence severely hampers the improvement of their survival. Although some clinicopathological 
characteristics have been identified as common risk factors for poor prognoses, such as high tumor burden and MVI, patients 
without these poor prognostic indicators still suffer from early recurrence and dismal survival, which indicates the necessity 
for further exploring related factors to reflect the biological characteristics of HCC comprehensively. Several staging systems, 
commonly consisting of tumor burden and liver function, have been developed to classify HCC patients and provide suitable 
treatments; however, the prognostic performance of these models remains to be improved. Researchers have developed 
prognostic models by integrating genomic factors to stratify better and predict HCC patients with different survival; however, 
these models usually require expensive and complex technologies.17,18 H&E specimens are routinely necessary after surgery 
and require low cost, so exploring biological characteristics based on H&E specimens will be highly cost-effective. 

Figure 4 The receiver operating characteristics curves (AUROC) of 1-, 2-, 3-, 4- and 5-year recurrence-free survival (RFS) in the training (A) and validation (B) cohorts, and 
the AUROCs of 1-, 2-, 3-, 4- and 5-year overall survival (OS) in the training (C) and validation (D) cohorts.
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Micronecrosis, a common pathological alternation, has been proven to be associated with metastasis and poor prognosis in 
colorectal cancer and pancreatic cancer.19,20 We previously found that tumor micronecrosis had negative effects on the 
prognosis of HCC patients and could be an indicator for selecting suitable candidates to receive adjuvant TACE.12,21 We 
graded micronecrosis based on the proportion of necrosis in the surgical specimens from HCC patients, which was negatively 
correlated with prognosis. However, whether micronecrosis can be adopted as a predictor in prognostic models for HCC 
patients after curative hepatic resection needs to be further evaluated. The present study assessed the prognostic performance 
of MVI and micronecrosis in postoperative HCC patients. Compared with MVI, micronecrosis is more common in HCC 
patients. Although MVI had significant effects on RFS and OS in the univariate analyses, it was not an independent factor for 
survival after multivariate analyses, while micronecrosis remained essential for RFS and OS. After combining micronecrosis 
with other independent prognostic factors, the developed RFS and OS nomograms had good predictive performance, 
substantially better than the other six conventional staging systems over time.

The prognosis of postoperative HCC patients is affected by many factors, including tumor burden and liver function. 
Tumor size was identified as an independent factor for recurrence and death in this study, which is universally 
recognized.22 Although tumor number was the predictor only for recurrence in this study, this could be caused by 
several factors. Nearly 90% of patients enrolled in this study had solitary HCC, so the effect of tumor number might be 
undervalued with the low proportion of patients with multiple tumors. Besides, patients receiving hepatectomy tend to be 
at an early stage, and they can receive various subsequent treatments during the course of the disease, which can cause 
confounding effects on the evaluation of prognostic factors for OS.23 Preoperative liver function is an important factor 
for the survival of HCC patients, and the ALBI grade has been proven to be more objective and accurate than the 
conventional Child-Pugh grade.24,25 Compared with the aforementioned clinical factors, PT has been less reported as the 
independent factor for the survival of HCC patients, but studies have confirmed its prognostic value in HCC patients.26–28 

As is known, the coagulation is a reflection of liver function. Therefore, prolonged PT can be a potential risk factor for 
poor prognosis in HCC patients. Overall, our prognostic models had good predictive performance by incorporating 
common clinical factors and a newly proposed factor- micronecrosis, which can be conveniently applied in clinical 

Table 3 C-Indexes of Different Prognostic Models for RFS and OS in the Training 
and Validation Cohorts

Model Training Cohort P value Validation Cohort P value

C Index (95% CI) C Index (95% CI)

Part I: RFS
Our model 0.66(0.62–0.69) NA 0.66(0.62–0.71) NA

TNM stage 0.61(0.58–0.64) <0.001 0.62(0.57–0.66) 0.029

BCLC stage 0.58(0.56–0.61) <0.001 0.59(0.55–0.62) <0.001
CUPI score 0.52(0.49–0.55) <0.001 0.53(0.48–0.57) <0.001

HKLC stage 0.59(0.56–0.62) <0.001 0.58(0.54–0.62) <0.001

JIS score 0.57(0.55–0.60) <0.001 0.58(0.55–0.62) <0.001
Tokyo score 0.60(0.57–0.63) <0.001 0.61(0.56–0.65) 0.012

CLIP score 0.55(0.52–0.58) <0.001 0.56(0.52–0.61) 0.001

Part II: OS
Our model 0.74(0.69–0.79) NA 0.77(0.70–0.83) NA

TNM stage 0.61(0.56–0.67) <0.001 0.64(0.57–0.71) 0.004

BCLC stage 0.61(0.57–0.65) <0.001 0.61(0.56–0.66) <0.001
CUPI score 0.53(0.48–0.58) <0.001 0.58(0.51–0.66) <0.001

HKLC stage 0.61(0.56–0.66) <0.001 0.69(0.62–0.77) 0.038

JIS score 0.59(0.55–0.63) <0.001 0.59(0.54–0.64) <0.001
Tokyo score 0.62(0.57–0.68) <0.001 0.71(0.65–0.78) 0.094

CLIP score 0.57(0.51–0.62) <0.001 0.61(0.53–0.69) 0.002

Abbreviations: TNM, tumor node metastasis; BCLC, Barcelona Clinic Liver Cancer; CUPI, Chinese 
University Prognostic Index; HKLC, Hong Kong Liver Cancer; JIS, Japan Integrated Staging; CLIP, Cancer 
of the Liver Italian Program.
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practice with high cost-effectiveness. With the development of medical technology, more treatment modalities can be 
adopted for recurrent or advanced HCC such as intensity-modulated radiotherapy and Gamma knife radiosurgery.29,30 In 
this circumstance, the impact of different treatment modalities after recurrence on survival might can be further explored. 
Besides, new prognostic biomarkers are constantly being discovered such as programmed cell death-Ligand 1 expression 
on circulating tumor cells and Heat-shock protein 90α, whether these biomarkers can assist to better stratify HCC patients 
with different survival needs further exploration.31–33

This study has several limitations except for its retrospective nature. First, the predictive nomograms were developed based 
on the patients from the endemic area of HBV; it remains to be determined whether these prognostic models can be applied to 
HCC patients with other etiologies. Second, although we have assessed the predictive performance of these nomograms by 
internal validation, these prognostic models need to be further evaluated by external validation. Third, the models were 
developed using the data from patients with primary HCC receiving hepatic resection; their applicability to patients with 
recurrent HCC needs further assessment. Forth, micronecrosis is currently assessed based on surgical specimens, but numerous 
early-stage HCC patients receive radiofrequency or microwave ablation, among whom there are no sufficient specimens. How 
to assess micronecrosis based on routine computer tomography or magnetic resonance imaging remains to be solved.

Figure 5 The time-dependent area under the receiver operating characteristic curves (td AUROC) of recurrence-free survival (RFS) nomogram and other staging systems 
(TNM, BCLC, CUPI, HKLC, JIS, Tokyo score and CLIP) since hepatic resection over time in the training (A) and validation (B) cohorts, and the td AUROCs of overall 
survival (OS) nomogram and other staging systems in the training (C) and validation (D) cohorts.
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Conclusions
In this study, we developed two prognostic models that could accurately predict postoperative RFS and OS in HCC 
patients receiving curative hepatic resection. Our models can assist in formulating personalized postoperative follow-up 
plans, which can contribute to improving the survival of HCC patients.

Abbreviations
HCC, hepatocellular carcinoma; AJCC, the American Joint Committee on Cancer; TNM, tumor node metastasis; BCLC, 
Barcelona Clinic Liver Cancer; CUPI, Chinese University Prognostic Index; HKLC, Hong Kong Liver Cancer; JIS, 
Japan Integrated Staging; CLIP, Cancer of the Liver Italian Program; MVI, microvascular invasion; TACE, transarterial 
chemoembolization; FAHZU, The First Affiliated Hospital, Zhejiang University School of Medicine; FFPE, formalin- 
fixed, paraffin-embedded; RFS, recurrence-free survival; OS, overall survival; H&E, hematoxylin and eosin; C-index, the 
Harrell’s concordance index; tdAUROC, time-dependent area under the receiver operating characteristic curve; K-M, the 
Kaplan-Meier; HBV, hepatitis B virus; ALBI, albumin-bilirubin; PT, prothrombin time.
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