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A retrospective cohort study was conducted to collect 465 patients with hepatitis B-related hepatocellular carcinoma who had
undergone radical hepatectomy from January 1, 2012, to August 31, 2018, at the First Affiliated Hospital of the University of
Science and Technology of China. The clinical, pathological, and follow-up information was collected to compare the basic
characteristics of death and nondeath after radical resection. Kaplan–Meier curves were used for survival analysis and male and
female subgroup analysis. The multivariate Cox proportional-hazards regression model was used to analyze independent risk
factors related to postoperative death. Of the 465 patients with radical resection of hepatitis B-related hepatocellular carcinoma,
132 died, and 1-, 3-, and 5-year cumulative survival rates after operation were 92.1%, 78%, and 64%, respectively. In the male and
female subgroup, 115 and 17 patients died, respectively. The 1-, 3-, and 5-year cumulative survival rates were 92.6%, 77.0%, and
62.6%, respectively, in men, and 89.6%, 78.8%, and 70.2%, respectively, in women. Multivariate Cox proportional-hazards
regression analysis showed that microvascular invasion (MVI), Edmondson III/IV, BCLC stage B, and total bilirubin (TB)
> 20.5 μmol/L were independent risk factors in patients with hepatitis B-related hepatocellular carcinoma after
radical hepatectomy.

1. Introduction

Globally, cancer is the second leading cause (the first
being cardiovascular disease) of death, liver cancer ranks
fourth among the causes behind cancer-related death [1].
The annual incidence of liver cancer cases is 85000 in-
dividuals worldwide [2]. The incidence rate of liver cancer
is 4.46/1000 in China, and the mortality rate is 4.22/1000
[3]. Hepatocellular carcinoma (HCC) has an annual in-
cidence rate of over 15/100000 in East Asia and Sub-
Saharan Africa; 5–15/100000 people in the Mediterranean
basin, Southern Europe, and North America, and less than
5/100000 people in Northern Europe [4]. Hepatectomy is
the first choice for the treatment of HCC. However,

according to the US tumor statistics released in January
2020, the 5-year survival rate of liver cancer in the US is
only 18% [5], and the long-term survival rate of HCC
patients is not satisfactory. What factors affect the long-
term survival of patients with hepatitis B (HBV)-related
HCC after operation? Based on real-world data, we ret-
rospectively studied the factors of prognosis after radical
resection of HBV-related HCC in patients discharged
from January 1, 2012, to August 31, 2018, in the First
Affiliated Hospital of the University of Science and
Technology of China (USTC) to guide the clinical pre-
vention of HBV-related HCC patients with a high risk of
postoperative death, apply positive preventive measures,
and improve the survival rate of this group of patients.
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2. Methods

2.1.PatientPopulation. Through the case data of liver cancer
patients in the First Affiliated Hospital of the USTC database
initiated and established by the Chinese Society of Clinical
Oncology (CSCO), and through the inpatient information
management system of the First Affiliated Hospital of USTC,
a total of 3958 discharged patients who had undergone liver
surgery from January 1, 2012, to August 31, 2018, were
selected. According to the postoperative pathological results,
1637 patients with HCC were screened. Furthermore, 465
patients with HBV-related HCC who had undergone radical
resection were enrolled in the research. This study was
reviewed by the hospital ethics committee. The detailed
screening process is described in Figure 1.

2.2. Data Collection. The following components were col-
lected: name, gender, age, drinking history, smoking history,
prothrombin time (PT), platelet count (PLT), anti-HBc,
hepatitis B surface antigen, serum alpha fetoprotein (AFP),
HBV-DNA, serum total bilirubin (TB), serum alanine
aminotransferase (ALT), serum albumin (ALB), neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR),
serum albumin/globulin ratio (AGR), Child–Pugh grade,
operation times, intraoperative bleeding, operation method,
hepatectomy method, perioperative blood transfusion, tu-
mor size, tumor number, cirrhosis, microvascular invasion
(MVI), ascites, tumor envelope integrity, Edmondson
classification, China clinical stage of liver cancer (CNLC)
(2017) [6], and Barcelona liver cancer (BCLC) stage (2018)
[7]. When there were multiple masses, the tumor diameter
was calculated as the sum of the maximum diameters of each
mass. When Edmondson’s classification of twomasses in the
same specimen was different, the dominant mass was used
for the classification.

2.3. Inclusion Criteria Were as Follows

(1) Pathologically diagnosed HCC
(2) Lack of tumor thrombi in hepatic vein, portal vein,

bile duct, and inferior vena cava
(3) Lack of invasion of adjacent organs, hilar lymph

nodes, and distant metastases
(4) Complete tumor tissue specimens
(5) Patients on whom only surgical treatment was

performed, and no transarterial chemoembolization
(TACE), radiofrequency, or microwave treatment
was performed before or during operation.

2.4. Exclusion Criteria Were as Follows

(1) Simultaneous presence of other malignant tumors
(2) Perioperative death
(3) No history of hepatitis B or hepatitis C virus anti-

body positivity
(4) Patients undergoing nonradical surgery

(5) Patients with incomplete pathological and clinical
data

(6) Lack of follow up for survival

During the follow up, the survival status of patients was
checked by telephone interviews. The starting point of the
follow up was the operation date, and the ending point was
death or December 31, 2019. The survival time was calcu-
lated from the date of operation to the date of death or the
deadline of follow up, and it was calculated in months. The
survivors were treated with truncated values, and the time of
death was accurate to year and month.

2.5. Statistical Analysis. SPSS 17.0 software was used for
statistical analysis. Measurement data satisfying normal or
approximately normal distribution were expressed as
mean± SD, and comparisons between groups were carried
out by t-tests; the median (M) (P25∼p75) was used for the
statistical description of nonnormal distribution measure-
ment data, and a nonparametric rank sum test was used for
intergroup comparisons; the statistical description of cate-
gorical variables was carried out by frequencies, and the
comparisons between groups were carried out by the chi-
square test. The Kaplan–Meier method was used for the
survival curves of postoperative death, and a multivariate
Cox proportional-hazards regression model was used to
analyze the independent risk factors of postoperative death.

3. Results

A total of 465 patients with hepatitis B-related HCC after
radical resection were followed up for death events up to
December 31, 2019. During a median follow up of 34.0 (21.0,
56.0) months, the average age of the patients was 56.42± 11.6
years. Table 1 shows the basic characteristics of patients with
hepatitis B-related HCC after radical resection.

Towards the end of the follow-up period, 132 (28.4%) of
them died, and the median survival time was 94 months. As
shown in Figure 2(a), the 1-, 3-, and 5-year cumulative
survival rates among patients with hepatitis B-related HCC
after radical resection were 92.1%, 78%, and 64%, respec-
tively. By the end of follow-up, 115 male HCC patients had
died, and the median survival time was 85 months; a total of
17 female HCC patients had death outcome events, and the
median survival time was N/A. As shown in Figure 2(b), in
men, the 1-, 3-, and 5-year cumulative survival rates were
92.6%, 77.0%, 62.6%, respectively. In women, the 1-, 3-, and
5-year cumulative survival rates were 89.6%, 78.8%, 70.2%,
respectively. The log-rank test showed that no significant
difference in the survival curve between men and women
(P � 0.227).

As shown in Table 1, NLR, PLR, AGR, intraoperative
bleeding, tumor size, MVI, Edmondson stage, preoperative
TB level, and BCLC stage were independent risk factors
influencing the prognosis of patients with HBV-related HCC
after radical resection. With survival outcome (death) and
survival time as dependent variables and all independent risk
factors as independent variables, multivariate Cox propor-
tional-hazards regression model analysis was established
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3958 discharged patients with operation records

2321 discharged patients were not HCC

Non curative resection, radiofrequency
ablation and interventional therapy

were performed in 911 cases

56 cases of non HBV related HCC

205 patients with incomplete follow-up
information

1637 discharged patients with HCC

curative resection of 726 cases

670 patients with HBV-related HCC

465 patients obtained relevant follow-up
information

Figure 1: Patients’ selection process at the First Affiliated Hospital of USTC.

Table 1: Basic characteristics of patients with hepatitis B-related HCC after radical resection (n� 465).

Baseline characteristics Nondied Died P

Age (years) 56.19± 11.27 56.99± 12.43 0.502
Sex (number of cases (%)) 0.157
Female/male 61 (18.3)/272 (81.7) 17 (12.9)/115 (87.1)

Drinking (number of cases (%)) / 0.571
No/yes 270 (81.1)/63 (18.9) 110 (83.3)/22 (16.7)

Smoking (number of cases (%)) 0.704
No/yes 238 (71.5)/95 (28.5) 92 (69.7)/40 (30.3)
NLR 1.9 (1.5, 2.6) 2.4 (1.8.3.5) 0.001
PLR 90.5 (68.6, 124.3) 104.5 (78.0, 146.5) 0.002
AGR 1.43± 0.27 1.36± 0.26 0.008

Intraoperative bleeding (ml) 200 (100, 300) 225 (100.425) 0.001
Tumor size (number of cases (%)) 0.002
≤5/>5 cm 172 (51.6)/161 (48.4) 47 (35.6)/85 (64.4)

Cirrhosis (number of cases (%)) 0.927
No/yes 77 (23.1)/256 (76.9) 30 (22.7)/102 (77.8)

MVI (number of cases (%)) 0.011
None/yes 228 (68.5)/105 (31.5) 74 (56.1)/58 (43.9)

Number of tumors (number of cases (%)) 0.158
1/≥2 296 (88.9)/37 (11.1) 111 (84.1)/21 (15.9)

Intact capsule (number of cases (%)) 0.993
No/yes 68 (20.4)/265 (79.6) 27 (20.5)/105 (79.5)

Anatomical resection (number of cases (%)) 0.802
No/yes 246 (73.9)/87 (26.1) 99 (75.0)/33 (25.0)

AFP (number of cases (%)) 0.151
<400/≥400 ng/ml 230 (69.1)/103 (30.9) 82 (62.1)/50 (37.9)

Edmondson (number of cases (%)) 0.002
I and II/III and IV 253 (76.0)/80 (24.0) 81 (61.4)/51 (38.6)

Anti-HBc (number of cases (%)) 0.881
Positive/negative 322 (96.7)/11 (3.3) 128 (97.0)/4 (3.0)

HBsAg (number of cases (%)) 0.657
Positive/negative 283 (85.0)/50 (15.0) 110 (83.3)/22 (16.7)

HBV-DNA (number of cases (%)) 0.057
<1000/≥1000 copies/ml 135 (40.5)/198 (59.5) 41 (31.1)/91 (68.9)

ALT (number of cases (%)) 0.369
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(variable screening method stepwise, variable inclusion
criterion α＝ 0.05, and the rejection standard is 0.1). As
shown in Table 2, MVI (yes vs. none, hazard ratio (HR)�

2.04, 95%confident interval (CI): 1.42–2.91), Edmondson
stage (III/IV vs. I/II, HR� 1.68, 95% CI: 1.18–2.39), BCLC
stage (B vs. 0-A, HR� 1.86, 95% CI: 1.14–3.04), and pre-
operative TB level (>20.5 μmol/L vs. ≤20.5 μmol/L,

HR� 1.61, 95% CI: 1.10–2.36) were independent risk factors
for postoperative mortality in patients with HBV-related
HCC (P< 0.05). The albumin/globulin ratio was an inde-
pendent protective factor for postoperative death in patients
with HBV-related HCC (HR� 0.36, 95% CI: 0.19–0.70,
P � 0.0028). As shown in Figure 3, the statistical significance
for the overall cumulative survival rate stratified byMVI and
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Figure 2: The overall cumulative survival rate of postoperative mortality in patients with hepatitis B-related HCC patients (a). The
cumulative survival rate of men and women subgroups (b).

Table 1: Continued.

Baseline characteristics Nondied Died P

≤50/>50U/L 253 (76.0)/80 (24.0) 95 (72.0)/37 (28.0)
ALB (number of cases (%)) 0.184
≥35/<35 g/L 310 (93.1)/23 (6.9) 118 (89.4)/14 (10.6)

TB (number of cases (%)) 0.030
≤20.5/>20.5 μmol/L 268 (80.5)/65 (19.5) 94 (71.2)/38 (28.8)

PT (number of cases (%)) 0.113
≤14/>14 s 312 (93.7)/21 (6.3) 118 (89.4)/14 (10.6)

Ascites (number of cases (%)) 0.235
No/yes 287 (86.2)/46 (13.8) 108 (81.8)/24 (18.2)

Perioperative blood transfusion (number of cases (%)) 0.054
None/yes 278 (83.5)/55 (16.5) 100 (75.8)/32 (24.2)

Laparoscope (number of cases (%)) 0.164
Yes/no 40 (12.0)/293 (88.0) 10 (7.6)/122 (92.4)

Operation duration (number of cases (%)) 0.798
>120/≤120min 186 (55.9)/147 (44.1) 72 (54.6)/60 (45.4)

Child–Pugh (number of cases (%)) 0.064
A/B 333 (100.0)/0 (0.0) 130 (98.9)/2 (1.5)

CNLC (number of cases (%)) 0.054
Ia/Ib/IIa/IIb 187 (56.2)/112 (33.6)/30 (9.0)/4 (1.2) 53 (40.2)/60 (45.4)/15 (11.4)/4 (3.0)

BCLC (number of cases (%)) 0.015
0/A/B 27 (8.1)/278 (83.5)/28 (8.4) 3 (2.3)/110 (83.3)/19 (14.4)
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Table 2: Multivariate Cox regression analysis of mortality risk after curative resection of hepatitis B-related HCC

Risk factors n HR (95% CI) P

NLR 465 1.05 (1.02–1.11) 0.233
AGR 465 0.36 (0.19–0.70) 0.003
PLR 465 2.11 (0.61–1.34) 0.740
Intraoperative bleeding 465 2.10 (1.34–3.30) 0.839
MVI 0.000
None 302 1
Yes 163 2.04 (1.42–2.91)

Tumor size 0.078
≤5 cm 242 1
>5 cm 223 1.02 (1.10–2.23)

BCLC 0.013
0-A 418 1
B 47 1.86 (1.14–3.04)

Edmondson 0.005
I/II 334 1
III/IV 131 1.68 (1.18–2.39)

Preoperative TB level 0.016
≤20.5 μumol/L 362
>20.5 μmol/L 103 1.61 (1.10–2.36)

0

0.0

0.2

0.4

0.6

Cu
m

ul
at

iv
e s

ur
vi

va
l r

at
e

0.8

1.0

12 24 36 48
Time

P ≤ 0.001

60 72 84 96

non MVI
MVI

non MVI-censored
MVI-censored

(a)

0

0.0

0.2

0.4

0.6

Cu
m

ul
at

iv
e s

ur
vi

va
l r

at
e

0.8

1.0

12 24 36 48
Time

P = 0.011

60 72 84 96

≤ 20.5 μmol/L
> 20.5 μmol/L

≤ 20.5 μmol/L-censored
> 20.5 μmol/L-censored

(b)

Figure 3: Continued.
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non-MVI (Figure 3(a), P≤ 0.001), preoperative TB
level ≤20.5 μmol/L and preoperative TB level >20.5 umol/L
(Figure 3(b), P � 0.011), BCLC 0/A and BCLC B
(Figure 3(c), P � 0.048), and Edmondson I/II and III/IV
(Figure 3(d), P � 0.001).

4. Discussion

There have been few studies on the risk factors of postop-
erative death in HBV-related HCC patients based on real-
world date. It is generally believed that HCC is caused by
chronic liver inflammation due to hepatitis virus infection,
alcoholic/nonalcoholic fatty liver, aflatoxin, and other fac-
tors. Even after radical resection, patients are still at a high
risk of death [8]. How to improve the survival rate of HBV-
related HCC patients has always been a problem for liver
surgeons. Identification of risk factors affecting the prog-
nosis of patients after radical resection of HBV-related HCC
and providing active and effective intervention is needed to
improve the survival rate of these patients and the thera-
peutic effect on HCC.

Different research centers have come to different con-
clusions about the risk factors affecting survival after radical
resection of HCC.Through real-world data, we analyzed 465
patients with HBV-related HCC who had undergone radical
resection. The median survival time was 94 months. The 1-,
3-, and 5-year cumulative survival rates were 92.1%, 78%,
and 64%, respectively. We found that BCLC staging, MVI,
Edmondson staging, and preoperative TB levels were the
risk factors affecting postoperative survival in patients with
HBV-related HCC.

BCLC is widely used in clinical practice. Patients with
very-early and early HCC (BCLC stage 0 and A) should
undergo surgical resection, while patients with medium
(BCLC stage B) and advanced (BCLC stage C) HCC are
recommended to receive TACE or tyrosine kinase inhibitors
(TKI) and inhibitors sorafenib or lenvatinib. BCLC mainly
considers the tumor number, tumor size and the greater
diameter of the tumor, and the number of multiple tumors as
factors of a poor prognosis in HCC patients. The increase of
the tumor diameter also increases MVI. This was also con-
firmed by the results, given that the overall survival rate of
patients with BCLC stage B was lower than that of patients
with BCLC stage 0/A. In addition, some surgeons have
suggested that some patients with BCLC stage B HCC could
be treated surgically; after selective BCLC stage B patients had
been treated surgically, the 5-year overall survival rate of these
patients reached 63.4% [9]. In our study, a total of 9 HCC
patients who had undergone radical surgery in BCLC stage B
were included, and five of them survived and achieved good
treatment results. Therefore, BCLC stage B is not a contra-
indication for surgery. Other studies have shown that TNM
stages III and IV also predict a poor prognosis [10].

MVI refers to intravascular tumor invasion that cannot
be found in preoperative auxiliary examinations, such as
enhanced-computed tomography (CT) or enhanced-mag-
netic resonance imaging (MRI) and intraoperative HCC
tissue specimen examination, it is identified as a microscopic
intravascular tumor thrombus during postoperative path-
ological examination [11]. The incidence of MVI in HCC is
29%–45%, and a larger tumor volume is associated with a
higher probability of MVI [12]. MVI is one of the most
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Figure 3: The overall cumulative survival rate stratified by MVI and non-MVI (a), TB≤ 20.5 μmol/L and TB> 20.5 μmol/L (b), BCLC 0/A
and BCLC B (c), and Edmondson I/II and III/IV (d).
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important pathological indexes to predict the prognosis of
HCC resection [13, 14]. However, MVI can only be deter-
mined by postoperative pathological examination, so it is
difficult to predict before operation. How to accurately
predict MVI before operation has become a research hot-
spot. Recently, (18F) FDG PET/CT radiation histograms
were developed to predict the MVI status and disease-free
survival in patients with very early and early HCC (BCLC 0
and BCLC A), showing good discrimination and calibration
[15]. There was also a study on extreme gradient boosting
(XGBoost) and deep learning prediction models based on
CT images to predict MVI [16], and these models are ex-
pected to predict the probability of MVI before operation,
which is conducive to the clinical treatment decision of
HCC.

In addition, it has been reported that preoperative liver
function is one of the main factors affecting the prognosis of
patients [17]. The serum albumin level and serum TB level
reflect the synthetic and metabolic functions of the liver and
the nutritional status of patients to a certain extent. A recent
study has found that the decrease of the preoperative serum
albumin level is significantly related to the decrease of the
overall survival rate after radical resection of HCC [18]. Li
et al. [19] found that the increase in the serum TB level was
an independent risk factor for patients’ 3-year survival.
These findings are similar to our findings, showing that
preoperative TB> 20.5 μmol/L was an independent risk
factor for death after HBV-related HCC radical resection. In
addition, the study in [20] and a previous study by our
research group [21] have shown that the ratio of the C
reactive protein to albumin is an independent prognostic
factor after radical resection of HCC. Our study also found
that a higher albumin/globulin ratio was a protective factor
in patients after HBV-related HCC radical resection, which
confirms the abovementioned theory.

The Edmondson stage represents the differentiation
degree of tumor cells, which also reflects the biological
characteristics of the tumor. A lower Edmondson stage
(stage I/II) is associated with better tumor differentiation,
the closer the tumor cells are to normal hepatocytes, the
lower is their degree of malignancy, and the smaller is the
recurrence probability after surgical resection, and the
prognosis is better [22]. A previous study has found that PD-
L1 is an independent prognostic factor in patients with liver
cancer, and the high expression of PD-L1 significantly
correlates with the high Edmondson grade (P< 0.01)
[23].The N-ethylmaleimide-sensitive fusion protein attach-
ment protein receptor YKT6 and pregnancy upregulated
nonubiquitous calmodulin kinase (PNCK) are closely re-
lated to the progression HCC, which may be used as po-
tential biomarkers of a poor prognosis in patients with HCC.
The expression levels of YKT6 and PNCK in HCC are also
related to the Edmondson stage. The higher the stage, the
higher the expression of YKT6 and PNCK, and the worse the
prognosis of patients [24, 25].The trauma caused by surgery,
the reduction of postoperative immunity, and the acceler-
ation of hepatocyte regeneration after surgery lead to the
growth of potential micrometastasis [26], which leads to the
early recurrence and a poor prognosis of HCC.

China has a large hepatitis B population. Most of the
HCC patients have a chronic hepatitis B and cirrhosis
background. Liver cirrhosis leads to the decline of the liver
function and affects the volume of the liver tissue removed
[27]. The intention to preserve the residual liver volume as
much as possible may lead to the residual cancer tissue
during operation. In addition, liver cirrhosis is a risk
factor for late recurrence after radical resection of HCC
[28]. Liver cirrhosis can lead to the recurrence of HCC,
which can affect the long-term survival of patients. Liver
cirrhosis-related complications, such as portal hyper-
tension and upper gastrointestinal bleeding caused by
esophageal and gastric varices also affect the long-term
survival of these patients. This study focused on HBV-
related HCC patients and explored the factors associated
with the prognosis of these patients to improve the sur-
vival rate of these patients.

According to our research results, after hepatectomy for
hepatitis B-related HCC patients with high-risk factors, the
liver function of patients can be improved before operation,
and preventive TACE or TKI drugs can be given after
operation to prolong the postoperative survival time of these
patients. At present, TKI drugs (sorafenib or lenvatinib)
combined PD-1/PD-L1 has been used in the treatment of
advanced HCC and has achieved some therapeutic effects,
but the efficacy of sorafenib is limited by the development of
drug resistance. RAF, BRAF, and MEK pathways play a key
role and have an impact on the prognosis of patients with
advanced HCC. lnc-RNA of BRAF could be another
mechanism of cancer proliferation and TKI escape in HCC
and the inhibition could become a possible strategy treat-
ment for HCC [29].

There are still some limitations in this study. The sample
number was small, and the statistical analysis of all possible
risk factors was not carried out. We plan to overcome these
issues in further multicenter research.
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