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A nomogram model for early
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hepatocellular carcinomas
after radical hepatectomy
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Guo-Qun Zheng3, Ting Chen1, Chun-Long Wu1,
Wei-Dong Jia2* and Fa-Biao Zhang1*

1Department of Hepatopancreatobiliary Surgery, Taizhou Hospital of Zhejiang Province Affiliated to
Wenzhou Medical University, Taizhou, China, 2Division of Liver Surgery, The First Affiliated Hospital of
University of Science and Technology of China (USTC), Division of Life Sciences and Medicine,
University of Science and Technology of China, Hefei, China, 3Department of Hepatopancreatobiliary
Surgery, Enze Hospital of Taizhou, Taizhou, China
Background: To identify the risk factors and construct a predictive model for

early recurrence of hepatitis B virus(HBV-)- related hepatocellular carcinomas

(HCCs) after radical resection.

Data and methods: A total of 465 HBV-related HCC patients underwent radical

resections between January 1, 2012 and August 31, 2018.Their data were

collected through the inpatient information management system of the First

Affiliated Hospital of University of Science and Technology of China. Survival and

subgroup analyses of early recurrence among male and female patients were

performed using Kaplan-Meier curves. The independent risk factors associated

with early postoperative tumor recurrence were analyzed using multivariate Cox

proportional hazards regression model. Based on these independent risk factors,

a risk function model for early recurrence was fitted, and a column chart for the

prediction model was drawn for internal and external validation.

Results: A total of 181 patients developed early recurrences, including 156 males

and 25 females. There was no difference in the early recurrence rates between

males and females. Tumor diameters>5cm, microvascular invasion and albumin

level<35 g/L were independent risk factors for early recurrence. A nomogram for

the early recurrence prediction model was drawn; the areas under the curve for

the model and for external verification were 0.638 and 0.655, respectively.

Conclusion: Tumor diameter>5 cm, microvascular invasion, and albumin

level<35 g/L were independent risk factors for early recurrence. The prediction

model based on three clinical indicators could predict early recurrence, with

good discrimination, calibration, and extrapolation.
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Introduction

Cancer is the second most common cause of death, in humans,

while liver cancer is the fourth most common cause of cancer-related

deaths (1). Approximately 85,000 new liver cancer cases occur

globally every year (2).In China, the incidence and mortality rates

for liver cancer are 28.12 and 24.33 per 100,000,respectively (3).

Hepatocellular carcinoma (HCC) is the most common pathological

type of liver cancer (4),accounting for 75-85% of all liver cancers (1).

HCCs have the fourth highest incidence rate and second highest

mortality rate among all cancer types in China (5). The overall

survival rate(OS) after hepatectomy remains unsatisfactory. The 5-

year survival rate for HCC in the United States is only 21% (6), while

the 5-year recurrence rate after liver resection for HCCs is as high as

50-70% (4, 7). Early postoperative tumor recurrence can lead to poor

prognosis; therefore, taking measures to reduce the recurrence rate

and improve overall survival is crucial in these patients (8, 9). The

present study identified the important risk factors for early recurrence

after curative resection of hepatitis B virus(HBV-)-related HCCs, and

built an early recurrence prediction model, thus, we will facilitate the

development of effective intervention measures to prevent or delay

HCC early recurrence and improving the long team survival of

HCC patients.
Materials and methods

Study participants

We collected the data for 3,958 patients, treated for HCC at the

First Affiliated Hospital of University of Science and Technology of

China between January 1, 2012 and August 31, 2018, from the

inpatient information management system. The inclusion/and

exclusion criteria and the screening process are detailed in our

previous study (10). Based on the inclusion/exclusion criteria, a

total of 465 patients were included in the training set. We also

collected the data for 175 patients from Taizhou Hospital affiliated

with Wenzhou Medical University between January 1, 2012 and

August 31, 2018, and 40 patients from Enze Hospital of Taizhou
Frontiers in Endocrinology 02
between January 1, 2015 and August 31, 2018 as the external

validation set. The screening processes are shown in Figure 1.
Data collection

Data were collected for the following factors that could

potentially influence early recurrence.
(1) Basic factors: age, sex, drinking and smoking history, Child-

Pugh classification, cirrhosis, and ascites.

(2) Preoperative serum factors: alanine aminotransferase, total

bilirubin, albumin, hepatitis B core antibody, hepatitis B

surface antigen, HBV-DNA, alpha fetoprotein, prothrombin

time, platelets, neutrophil-to-lymphocyte ratio, serum

albumin-to-globulin ratio, and platelet-to-lymphocyte ratio.

(3) Intraoperative factors: intraoperative bleeding, surgical

approaches, perioperative blood transfusion, hepatectomy

type, and surgical duration.

(4) Tumor-related factors: tumor size and number, capsule

integrity, microvascular invasion (MVI), Edmondson

grade, Chinese Liver Cancer stage (2019), and Barcelona

Clinic Liver Cancer stage (2018).
We collected information about tumor recurrence and

recurrence time through the telephone and electronic information

system; the recurrence time was accurate to month. The starting

point for the follow-up was date of surgery, while the endpoint was

patient’s death or December 31, 2019. All patients were given anti

hepatitis B virus treatment after surgery, antiviral drugs include

lamivudine, entecavir, and adefovir.
Statistical analysis

Statistical analyses were performed using R 4.1.0 and SAS 9.4.

Measurement data with normal or approximately normal

distributions were analyzed as x ± s, and the groups were

compared using a t-test; M (P25 ∼ P75) was used to describe
FIGURE 1

(A) Patients’ selection process at Taizhou Hospital affiliated with Wenzhou Medical University. (B) Patients’ selection process at Enze Hospital
of Taizhou.
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non-normally distributed measurement data; the non-parametric

rank sum test was used for inter-group comparisons. Categorical

variables were presented as frequencies or numbers and

percentages. The groups were compared using c 2 test; Early

recurrence rates were calculated using the Kaplan-Meier method,

and the recurrence-free survival curve was plotted. The

independent risk factors for early recurrence were analyzed using

the multivariate Cox proportional risk regression model.

The recurrence prediction model was established using the

independent risk factors identified in the multifactor Cox

proportional risk regression model, Impact intensities for the

related factors, along with the hazard ratios and 95% confidence

intercals (CI), were estimated. A receiver operating characteristics

(ROC) curve was drawn to evaluate the prediction effects of the

model. A nomogram was used to display the prediction model, with

a threshold a level of 0.05. The Bootstrap resampling method was

used for internal validation, with 1000 repeated samples. The

external validation data were used to verify the extrapolation of
Frontiers in Endocrinology 03
the prediction model, evaluate its prediction accuracy (area under

the ROC curve), and calibrate it using the calibration curve.
Results

The study included 465 patients with HBV-related HCCs who

underwent radical resections. There were no perioperative deaths.

Table 1 shows the basic characteristics of the study participants with

and without early postoperative recurrence. The patients were

followed up for a median of 26(3-95) months. A total of 181

HCC patients developed early tumor recurrences after radical

resection. The 1- and 2-year recurrence- free survival rates were

69.4% and 60.6%, respectively. Figure 2A shows the Kaplan Meier

survival curve for early recurrence of HBV-related HCCs after

curative resection.

There were 156 and 25 cases of early recurrences among males

and females, respectively. The 1-year recurrence-free survival rates
TABLE 1 Basic characteristics of early recurrence and non early recurrence in patients with hepatitis B-related HCC (n = 465).

basic characteristics non early recurrence early recurrence P

Age(years) 56.89 ± 11.56 55.67 ± 11.66 0.271

Sex[number of cases (%)] 0.172

female/male 53(18.7)/231(81.3) 25(13.8)/156(86.2)

Drinking [number of cases (%)] 0.211

none/yes 227(79.9)/57(20.1) 153(84.5)/28(15.5)

Smoking[number of cases (%)] 0.746

none/yes 200(70.4)/84(29.6) 130(71.8)/51(28.2)

NLR 1.89(1.49-2.62) 2.32(1.69-3.25) 0.025

PLR 92.7(68.8-126.6) 96.4(74.5-136.7) 0.086

AGR 1.43 ± 0.27 1.38 ± 0.26 0.042

Intraoperative bleeding(ml) 200(100-300) 200(100-500) 0.675

Tumor size [number of cases (%)] <.000

≤5/>5cm 155(54.6)/129(45.4) 64(35.4)/117(64.6)

Cirrhosis [number of cases (%)] 0.883

none/yes 66(23.2)/218(76.8) 41(22.7)/140(77.3)

MVI[number of cases (%)] <.000

none/yes 203(71.5)/81(28.5) 99(54.7)/82(45.3)

Tumor number [number of cases (%)] 0.118

1/≥2 254(89.4)/30(10.6) 153(84.5)/28(15.5)

Intact capsule [number of cases (%)] 0.033

none/yes 49(17.2)/235(82.8) 46(25.4)/135(74.6)

Anatomical resection [number of cases (%)] 0.043

none/yes 220(77.5)/64(22.5) 125(69.1)/56(30.9)

AFP[number of cases (%)] 0.621

(Continued)
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for male and females were 67.9% and 76.9%, respectively. There was

no statistically significant difference in the recurrence-free survival

curve between males and females (Figure 2B).

A total of 31 non-early recurrence group patients died, with a

median survival time of 94 months. Meanwhile, 101 early

recurrence group patients died, with a median survival time of 31

months. The cumulative survival rates at 1, 3, and 5 years after

surgery were 99.6%, 96.5% and 85.3% for the non-early recurrence
Frontiers in Endocrinology 04
group and 79.6%, 46.7%, and 25.4% for the early recurrence group,

respectively. There was a statistically significant difference in

survival curves between the groups(Figure 2C).

The survival outcome (early recurrence group) and relapse-free

survival time were taken as dependent variables, and each related

factor was taken as an independent variable to conduct multivariate

Cox proportional hazard regression model analysis (variable

screening method STEPWISE, variable inclusion criteria a=0.05,
TABLE 1 Continued

basic characteristics non early recurrence early recurrence P

<400/≥400ng/ml 193(68.0)/91(32.0) 119(65.8)/62(34.2)

Edmondson[number of cases (%)] 0.034

I and II/III and IV 214(75.4)/70(24.6) 120(66.3)/61(33.7)

Anti-HBc [number of cases (%)] 0.126

positive/negative 272(95.8)/12(4.2) 178(98.3)/3(1.7)

HBsAg [number of cases (%)] 0.787

positive/negative 239(84.2)/45(15.8) 154(85.1)/27(14.9)

HBV-DNA[number of cases (%)] 0.039

<1000/≥1000copies/ml 118(41.6)/166(58.4) 58(32.0)/123(68.0)

ALT[number of cases (%)] 0.157

≤50/>50 U/L 219(77.1)/65(22.9) 129(71.3)/52(28.7)

ALB[number of cases (%)] 0.006

≥35/<35 g/L 266(93.7)/18(6.3) 162(89.5)/19(10.5)

TB[number of cases (%)] 0.662

≤20.5/>20.5mmol/L 223(78.5)/61(21.5) 139(76.8)/42(23.2)

PT[number of cases (%)] 0.558

≤14/>14 s 261(91.9)/23(8.1) 169(93.4)/12(6.6)

Ascites [number of cases (%)] 0.740

none/yes 240(84.5)/44(15.5) 155(85.6)/26(14.4)

Perioperative blood transfusion [number of
cases (%)]

0.013

none/yes 241(84.9)/43(15.1) 137(75.7)/44(24.3)

hepatectomy type [number of cases (%)] 0.653

Laparoscopy/Laparotomy 32(11.3)/252(88.7) 18(9.9)/163(90.1)

Operation duration [number of cases (%)] 0.208

≥120/<120 min 151(53.2)/133(46.8) 107(59.1)/74(40.9)

Child-Pugh[number of cases (%)] 0.748

A/B 283(99.7)/1(0.3) 180(99.5)/1(0.5)

CNLC[number of cases (%)] 0.483

Ia/Ib/IIa/IIb 173(60.9)/84(29.6)/23(8.1)/4(1.4) 67(37.0)/88(48.6)/22(12.2)/4(2.2)

BCLC[number of cases (%)] 0.059

0/A/B 22(7.8)/240(84.5)/22(7.7) 8(4.4)/148(81.8)/25(13.8)
NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; AGR, serum albumin-to-globulin ratio; MVI, microvascular invasion; ALT, alanine aminotransferase; ALB, albumin;
HBsAg, hepatitis B surface antigen; Anti-HBc, hepatitis B core antibody; AFP, alpha fetoprotein; TB, total bilirubin; PT, prothrombin time; CNLC, Chinese Liver Cancer stage; BCLC, Barcelona
Clinic Liver Cancer stage.
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and a removal standard of 0.10). The independent risk factors for

early recurrence of HBV-related HCC patients were tumor diameter

>5 cm, albumin level <35 g/L, and MVI (Table 2 and Figure 2D).

Based on these results, the expression of the early recurrence

risk function model for HBV-related HCCs after curative resection

was fitted as follows: h(t) = h0exp(0.60X1 + 0.50X2 + 0.48X3). X1,

X2, and X3 are taken as 1 if tumor diameter is ≤ 5 cm, MVI is

present, and albumin index is <35 g/L, respectively. Otherwise, a

value of 0 is assigned to them. The likelihood ratio test was

conducted on the prediction model, and the difference was

statistically significant (c 2 = 32.23, p < 0.001). To allow a more

intuitive presentation and easier clinical application of the

prediction model, the model predictions were presented in the

form of a nomogram (Figure 2E).
Frontiers in Endocrinology 05
The prediction effect was evaluated using the area under the

curve (AUC) for the ROC curve. The prediction effect of the

prediction model ROC is shown in Figure 3A, with AUC = 0.638

(95% CI: 0.588-0.687). Internal validation was conducted by using

the Bootstrap method, and cross validation was performed using

the Bootstrap resampling method. The model development queue

was used as the validation set to evaluate the model performance.

This process was repeated 1000 times; the final calibration curve

obtained is shown in Figure 3B.

Based on the data for 215 cases, collected from Taizhou

Hospital affiliated with Wenzhou Medical University and Taizhou

Enze Hospital as external datasets, 66 HCC patients who underwent

radical resections developed early recurrences, while 149 did not.

Three sets of data for MVI, tumor diameter, and serum albumin
FIGURE 2

(A) Kaplan-Meiers curve for early recurrence in HCC patients after radical resection. (B) Kaplan-Meiers curve for early recurrence of HCC in male
and female patients after radical resection. (C) Survival curve of patients with HBV-related HCC non-early recurrence group and early recurrence
group after radical resection. (D) Forest map of risk factors for early recurrence of HBV- related HCC patients after radical resection. (E) Nomogram
of early recurrence prediction model for HBV-related HCC patients after radical resection.
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level were obtained from these cases for external validation of the

model. The prediction accuracy of the model was evaluated as the

AUC for the ROC curve; the AUC for the external validation

population was predicted to be 0.655 (95% CI: 0.579-0.732)

(Figure 3C). The prediction model was distinguishable, indicating

that the model can be extrapolated to a certain degree. The

calibration curve showed that the prediction probability of the
Frontiers in Endocrinology 06
model was close to the actual observed probability, with a certain

degree of consistency (Figure 3D).
Discussion

Despite several recent improvements in HCC treatment,

including the advancements in the surgical technology and

development of systemic therapeutic drugs, the overall survival

duration remains unsatisfactory. The patients are at risk of a

recurrence even after curative resection (11). The pathophysiology

and mechanism of recurrence and metastasis in HCCs after radical

resection have not been fully elucidated. The major oncogenic

molecular signaling pathways in HCC, including receptor tyrosine

kinases (RTKs), RAS/RAF/MEK/extracellular‐signal‐regulated

kinase(ERK), phosphoinositide 3‐kinase (PI3K)/AKT/mammalian

target of rapamycin (mTOR), Wnt/b‐catenin, janus‐kinase (JAK)/
signal transducer activator of transcription (STAT), Hedgehog

(Hh), Hippo pathway (12). In recent years, targeted and

immunotherapy have made rapid progress, and molecules that

affect HCC recurrence and metastasis have been continuously

discovered, such as, Trigger receptor expressed on myeloid cells-2

(TREM2) deficiency increased the therapeutic effect of anti-

programmed death ligand-1(PD-L1) blockade by enhancing

antitumor activity of CD8+ T cells (13), mitochondrial
FIGURE 3

(A) ROC curve of prediction model. (B) Calibration curve of internal validation population of early recurrence prediction model. (C) External
inspection ROC curve of early recurrence prediction model. (D) Calibration curve of external validation population of early recurrence
prediction model.
TABLE 2 Multivariate COX hazard model for early recurrence of HBV
related HCC patients undergoing curative resection HR (95%CI).

Risk
factors

n HR(95%CI) c2 P

Tumor size

≤5 cm 219 1 13.89 0.0002

>5 cm 246 1.83(1.34-2.48)

MVI

None 302 1 10.71 0.0011

Yes 163 1.66(1.23-2.23)

ALB

≥35 g/L 428 1

<35 g/L 37 1.63(1.01-2.62) 10.71 0.0011
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transcription factor A(TFAM) may serve as an effective target to

block HCC metastasis. These findings provide new target for HCC

immunotherapy (14). However, these are complex processes

involving several inter-related factors. Effective reduction of HCC

recurrence after surgery and increasing the survival duration are

constantly pursued goals. Therefore, there is an urgent need to

develop newer predictive methods to evaluate HCC recurrence rates

after surgery.

Currently, there is no standard definition for early HCC

recurrence after surgery. The time for early recurrence, defined in

various studies, ranges from 6 months to 2 years (15–17). It is

believed that there are two sources of recurrent cancer cells, tumor

cells derived from the residual tumor after hepatectomy (single

center origin) and those emerging in the liver after hepatectomy

(multi center origin). It is generally believed that HCC recurrence

within 2 years after the surgery are mainly caused by residual tumor

cells, which are mostly related to tumor characteristics, including

diameter, invasiveness, and serum alpha fetoprotein levels. This

mainly manifests as local infiltration of the primary focus and

subclinical dissemination in the liver. Meanwhile, recurrences that

occur beyond 2 years after the surgery are mostly caused by new

tumor cells in the liver after hepatectomy, which may be related to

chronic liver inflammation and cirrhosis (18, 19). These sources of

tumor cells are not addressed by hepatectomy alone, and the tumor

may recur in the presence of inflammation or cirrhosis. It can be

seen that the mechanisms of recurrence within and after 2 years

are different. Early recurrence is a crucial factor affecting the

survival rate of HCC patients after surgery, and it can lead to

poor prognosis after radical hepatectomy (15), Therefore, it is

important to analyze the risk factors for early recurrence after

surgery. The present study defined HCC recurrence within 2 years

after surgery as early recurrence, including intrahepatic recurrences

and extrahepatic metastases.

Early postoperative recurrence of HCC is a complex process,

which occurs over multiple steps and is influence by several factors. It

has been reported that postoperative HCC recurrence is closely

related to the biological tumor characteristics, including the

number of tumors, tumor size, MVI, tumor capsule integrity, and

degree of tumor cell differentiation (20, 21). The presence of cancer

cell nests within the endothelial cell lining under a microscope was

defined as MVI (22). Cancer cells may exist inside the hepatic or

portal vein, thereby increasing the risk for intrahepatic and distant

metastasis. Thus, MVI is an important cause of recurrence and poor

prognosis in HCCs after surgical resection (23). Several studies have

shown that MVI is an important indicator of early recurrence and

survival rate after hepatectomy (10, 24, 25). Some scholars have

suggested that, compared to Milan standards, MVI is a better

predictor of recurrence (26). Studies have also demonstrated that

tumor diameter is related to early postoperative recurrence in HCCs,

the larger the tumor, the greater the risk of recurrence (18, 27, 28).

Multiple tumors and tumors measuring > 5 cm are associated with a

high risk of tumor recurrence and poor prognosis in postoperative

HCC patients. This may be related to severe liver damage, high degree
Frontiers in Endocrinology 07
of sclerosis, and liver reserve function. Serum albumin level is an

indicator of liver function. A recent study exploring the predictive

value of serum albumin for recurrence after curative HCC resection

found that a decrease in the preoperative serum albumin levels was

significantly associated with a decrease in the overall survival and

recurrence-free survival rate after radical HCC resection (29).

We constructed a prediction model based on the three

independent risk factors for early recurrence of HBV-related

HCCs after curative resection. The likelihood ratio test for the

prediction model showed that it could predict early recurrence. To

evaluate the quality of the prediction model, we evaluated the

discrimination and calibration of the prediction model.

Differentiation refers to the ability of a predictive model to

identify early recurrence in HCC patients. Calibration is the

consistency between the predicted and observed probabilities of

early postoperative recurrence in HCC patients. We used

calibration curves to examine the calibration ability of the

prediction model. We collected the relevant case data for HBV-

related HCC patients discharged from the hepatobiliary and

pancreatic surgery departments of two hospitals during the same

period after curative resection. These cases were used for external

validation of the early recurrence prediction model by drawing

ROCs and calibration curves. The results indicated that the

prediction model had good differentiation and extrapolation.

This prediction model incorporates three of the most common

clinical parameters, which makes it simple and easy to use. In

addition, the predictive model is presented as a column chart,

making it more concise and understandable. The model may be

used by clinicians in their daily work to communicate more

intuitively with patients in their daily work. In the current context

of evidence-based and personalized medicine, for predicting high-risk

populations for recurrence, necessary preventive measures can be

taken (such as preventive TACE, antiangiogenesis therapy, PD-1/PD-

L1, etc.) to delay HCC recurrence and improved the postoperative

survival rate of these patients.

After HCC recurrence and metastasis, immunotherapy and

antiangiogenesis therapy can complement each other and provide

a comprehensive approach to managing the disease, especially in

advanced stages or when the tumor is unresectable. Second-line

treatments come into play when patients either do not respond to

initial therapies or experience disease progression. There are many

second-line targeted drugs, it is believe that how to choose suitable

targeted drugs are a concern for readers, a meta-analysis suggest the

use of regorafenib and cabozantinib as second-line treatments in

HCC (30).

Limitations of the study: Our study was a retrospective cohort

study, with retrospective data collection and potential biases. In the

next step, we plan to conduct a multicenter prospective cohort study

and explore the inclusion of more biomarkers or the combination of

radiomics and pathomics to improve the predictive model, in order

to further enhance its predictive ability. We are currently

conducting relevant research work with data scientists from the

Medical School of Taizhou University.
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Conclusions

The independent risk factors for early recurrence in HBV-

related HCC patients after surgery were tumor diameter > 5 cm,

albumin level < 35 g/L, and MVI. The prediction model based on

the three clinical indicators could predict postoperative HCC

recurrence with good discrimination, calibration and extrapolation.
Data availability statement

The original contributions presented in the study are included

in the article/supplementary material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving humans were approved by Taizhou

Hospital Ethics Committee. The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

YZ: Writing – review & editing, Writing – original draft,

Methodology, Funding acquisition, Formal Analysis, Data curation.

A-DW: Writing – original draft, Project administration,

Methodology, Investigation, Data curation. L-LG: Writing – review

& editing, Resources, Methodology, Investigation, Formal Analysis,

Data curation. Q-QD: Writing – original draft, Investigation, Data

curation. G-QZ:Writing – original draft, Methodology, Investigation,

Data curation. TC: Writing – original draft, Methodology,

Investigation, Data curation. C-LW: Writing – original draft,
Frontiers in Endocrinology 08
Methodology, Funding acquisition. W-DJ: Writing – original draft,

Writing – review & editing, Methodology, Funding acquisition,

Conceptualization. F-BZ: Writing – original draft, Writing – review

& editing, Methodology, Funding acquisition, Conceptualization.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was supported by Key Research and Development Projects of Anhui

Province (No: 202104j07),Taizhou Science and Technology Project

(No: 20ywb08).Scientific Research Foundation of Taizhou Enze

Medical Center(Group)-Major Project(2022EZZD03).
Acknowledgments

We thank LetPub (www.letpub.com) for its linguistic assistance

during the preparation of this manuscript.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: Cancer J Clin. (2018) 68:394–424. doi: 10.3322/caac.21492

2. Ng KK, Cheung TT, Pang HH, Wong TC, Dai JW, Ma KW, et al. A simplified
prediction model for early intrahepatic recurrence after hepatectomy for patients with
unilobar hepatocellular carcinoma without macroscopic vascular invasion: An
implication for adjuvant therapy and postoperative surveillance. Surg Oncol. (2019)
30:6–12. doi: 10.1016/j.suronc.2019.05.017

3. Zheng RS, Zhang SW, Sun KX, Chen R, Wang SM, Li L, et al. Cancer statistics in
China, 2016. Zhonghua zhong liu za zhi [Chinese J oncology]. (2023) 45:212–20.
doi: 10.3760/cma.j.cn112152-20220922-00647

4. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, et al. Hepatocellular
carcinoma. Nat Rev Dis Primers. (2021) 7:6. doi: 10.1038/s41572-020-00240-3

5. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and
risk factors in China and its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet (London England). (2019) 394:1145–58.
doi: 10.1016/S0140-6736(19)30427-1

6. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA: Cancer J
Clin. (2023) 73:17–48. doi: 10.3322/caac.21763
7. Byrd K, Alqahtani S, Yopp AC, Singal AG. Role of multidisciplinary care in the
management of hepatocellular carcinoma. Semin liver Dis. (2021) 41:1–8. doi: 10.1055/
s-0040-1719178

8. Heimbach JK, Kulik LM, Finn R, Sirlin CB, Abecassis M, Roberts LR. AASLD
guidelines for the treatment of hepatocellular carcinoma. Hepatology. (2018) 67:358–
80. doi: 10.1002/hep.29086

9. European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: Management of hepatocellular carcinoma. J Hepatol. (2018) 69:182–236.
doi: 10.1016/j.jhep.2018.03.019

10. Zhu Y, Gu L-L, Zhang F-B, Zheng G-Q, Chen T, Jia W-D. Long-term survival
and risk factors in patients with hepatitis B-related hepatocellular carcinoma: A real-
world study. Can J Gastroenterol Hepatol. (2022) 2022:7750140. doi: 10.1155/2022/
7750140

11. Bertuccio P, Turati F, Carioli G, Rodriguez T, La VC, Malvezzi M, et al. Global
trends and predictions in hepatocellular carcinoma mortality. J Hepatol. (2017) 67:302–
9. doi: 10.1016/j.jhep.2017.03.011

12. Luo X, He X, Zhang X, Zhao X, Zhang Y, Shi Y, et al. Hepatocellular carcinoma:
signaling pathways, targeted therapy, and immunotherapy. MedComm (2020). (2024)
5:e474. doi: 10.1002/mco2.474
frontiersin.org

http://www.letpub.com
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.suronc.2019.05.017
https://doi.org/10.3760/cma.j.cn112152-20220922-00647
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.3322/caac.21763
https://doi.org/10.1055/s-0040-1719178
https://doi.org/10.1055/s-0040-1719178
https://doi.org/10.1002/hep.29086
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1155/2022/7750140
https://doi.org/10.1155/2022/7750140
https://doi.org/10.1016/j.jhep.2017.03.011
https://doi.org/10.1002/mco2.474
https://doi.org/10.3389/fendo.2024.1374245
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhu et al. 10.3389/fendo.2024.1374245
13. Tan J, Fan W, Liu T, Zhu B, Liu Y, Wang S, et al. TREM2(+) macrophages
suppress CD8(+) T-cell infiltration after transarterial chemoembolisation in
hepatocellular carcinoma. J Hepatol. (2023) 79:126–40. doi: 10.1016/j.jhep.2023.02.032

14. Huang Q, Wu D, Zhao J, Yan Z, Chen L, Guo S, et al. TFAM loss induces nuclear
actin assembly upon mDia2 malonylation to promote liver cancer metastasis. EMBO J.
(2022) 41:e110324. doi: 10.15252/embj.2021110324

15. Kobayashi T, Aikata H, Kobayashi T, Ohdan H, Arihiro K, Chayama K. Patients
with early recurrence of hepatocellular carcinoma have poor prognosis. HBPD Int.
(2017) 16:10. doi: 10.1016/S1499-3872(16)60181-9

16. Zhou YM, Yang JM, Li B, Yin ZF, Xu F, Wang B, et al. Risk factors for early
recurrence of small hepatocellular carcinoma after curative resection. Hepatobil
Pancreatic Dis Int. (2010) 9:33–7. doi: 10.1136/gut.2009.197020

17. Xing H, Zhang WG, Cescon M, Liang L, Li C, Wang MD, et al. Defining and
predicting early recurrence after liver resection of hepatocellular carcinoma: a multi-
institutional study. HPB: Off J Int Hepato Pancreato Biliary Assoc. (2020) 22:677–89.
doi: 10.1016/j.hpb.2019.09.006

18. Cheng Z, Yang P, Qu S, Zhou J, Yang X, Xia Y, et al. Risk factors and
management for early and late intrahepatic recurrence of solitary hepatocellular
carcinoma after curative resection. HPB. (2015) 17:422–7. doi: 10.1111/hpb.12367

19. Imamura H, Tanaka E, Matsuyama Y, Miyagawa S, Kawasaki S, Kubota K, et al.
Risk factors contributing to early and late phases of intrahepatic recurrence of
hepatocellular carcinoma (HCC) after hepatectomy. Gastroenterology. (2000) 118:
A916. doi: 10.1016/S0016-5085(00)85800-X

20. Gu XQ, ZhengWP, TengDH, Teng DH, Sun JS, ZhengH. Impact of non-oncological
factors on tumor recurrence after liver transplantation in hepatocellular carcinoma patients.
World J Gastroenterol. (2016) 22:2749–59. doi: 10.3748/wjg.v22.i9.2749

21. Wakayama K, Kamiyama T, Yokoo H, Orimo T, Shimada S, Einama T, et al.
Huge hepatocellular carcinoma greater than 10 cm in diameter worsens prognosis by
causing distant recurrence after curative resection. J Surg Oncol. (2017) 115:324–9.
doi: 10.1002/jso.24501
Frontiers in Endocrinology 09
22. Zhou J, Sun H C, Wang Z. Guidelines for diagnosis and treatment of primary
liver cancer in China (2017 edition). Liver Cancer. (2018) 7:235–60. doi: 10.1159/
000488035

23. Erstad DJ, Tanabe KK. Prognostic and therapeutic implications of microvascular
invasion in hepatocellular carcinoma. Ann Surg Oncol. (2019) 26:1474–93.
doi: 10.1245/s10434-019-07227-9

24. Shen A, Liu M, Zheng D, Chen Q, Wu Z. Adjuvant transarterial
chemoembolization after curative hepatectomy for hepatocellular carcinoma with
microvascular invasion: A systematic review and meta-analysis. Clinics Res Hepatol
Gastroenterol. (2020) 44:142–54. doi: 10.1016/j.clinre.2019.06.012

25. Qi YP, Zhong JH, Liang ZY, Zhang J, Chen B, Chen CZ, et al. Adjuvant
transarterial chemoembolization for patients with hepatocellular carcinoma involving
microvascular invasion.Am J Surg. (2019) 217:739–44. doi: 10.1016/j.amjsurg.2018.07.054

26. Lim KC, Chow PK, Allen JC, Chia GS, Lim M, Cheow PC, et al. Microvascular
invasion is a better predictor of tumor recurrence and overall survival following surgical
resection for hepatocellular carcinoma compared to the Milan criteria. Ann Surg.
(2011) 254:108–13. doi: 10.1097/SLA.0b013e31821ad884

27. Zhang W, Wang X, Jiang R, Hou J, Mu X. Effect of tumor size on cancer-specific
survival in small hepatocellular carcinoma. Mayo Clinic Proc. (2015) 90:1187–95.
doi: 10.1016/j.mayocp.2015.06.018

28. Zhu Y, Gu L, Chen T, Zheng G, Ye C, Jia W. Factors influencing early recurrence
of hepatocellular carcinoma after curative resection. J Int Med Res. (2020)
48:300060520945552. doi: 10.1177/0300060520945552

29. Wang L, Li Q, Zhang J, Lu J. A novel prognostic scoring model based on albumin
and gamma-glutamyltransferase for hepatocellular carcinoma prognosis. Cancer
Manage Res. (2019) 11:10685–94. doi: 10.2147/CMAR

30. Solimando AG, Susca N, Argentiero A, Brunetti O, Leone P, De Re V, et al.
Second-line treatments for advanced hepatocellular carcinoma: A systematic review
and bayesian network meta-analysis. Clin Exp Med. (2022) 22:65–74. doi: 10.1007/
s10238-021-00727-7
frontiersin.org

https://doi.org/10.1016/j.jhep.2023.02.032
https://doi.org/10.15252/embj.2021110324
https://doi.org/10.1016/S1499-3872(16)60181-9
https://doi.org/10.1136/gut.2009.197020
https://doi.org/10.1016/j.hpb.2019.09.006
https://doi.org/10.1111/hpb.12367
https://doi.org/10.1016/S0016-5085(00)85800-X
https://doi.org/10.3748/wjg.v22.i9.2749
https://doi.org/10.1002/jso.24501
https://doi.org/10.1159/000488035
https://doi.org/10.1159/000488035
https://doi.org/10.1245/s10434-019-07227-9
https://doi.org/10.1016/j.clinre.2019.06.012
https://doi.org/10.1016/j.amjsurg.2018.07.054
https://doi.org/10.1097/SLA.0b013e31821ad884
https://doi.org/10.1016/j.mayocp.2015.06.018
https://doi.org/10.1177/0300060520945552
https://doi.org/10.2147/CMAR
https://doi.org/10.1007/s10238-021-00727-7
https://doi.org/10.1007/s10238-021-00727-7
https://doi.org/10.3389/fendo.2024.1374245
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A nomogram model for early recurrence of HBV-related hepatocellular carcinomas after radical hepatectomy
	Introduction
	Materials and methods
	Study participants
	Data collection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


