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Abstract. The aim of the present study was to establish a predic-
tion index (PI) model for the 5-year survival rate of patients 
with hepatitis B-related hepatocellular carcinoma (HCC) after 
radical resection, and to evaluate the effect of prophylactic 
transcatheter arterial chemoembolization (TACE). A total of 
201 patients with hepatitis B-related HCC who had undergone 
radical hepatic resection at The First Affiliated Hospital of 
Xinjiang Medical University (Xinjiang, China) were enrolled, 
and the clinical, pathological and complete follow-up data 
were collected. Univariate and multivariate Cox regression 
analyses were performed to identify which clinicopathological 
factors were considered significant risk factors and the PI 
model was established based on these factors. The receiver 
operating characteristic curve was generated, and the area 
under the curve (0.841) and the cut-off value for PI were calcu-
lated. A Kaplan-Meier plot was used for survival analysis and 
the log-rank test was used to determine differences in survival. 
Cox regression analysis demonstrated that there were seven 
independent factors that may have affected the 5-year survival 
of HCC patients: Neutrophil-to-lymphocyte ratio (NLR), 
maximum size of tumor (MTS), tumor histological grade 
(HG), positive resection margin (PRM), microvascular inva-
sion (MVI), the amount of tumor (AT), and antivirus therapy 
(AVT). A PI model on 5-year survival was established based on 
these factors, which was PI=0.32 x NLR + 0.39 x HG (high=1, 
medium=2, low=3) + 0.92 x PRM (yes=1, no=0) + 0.87 x MVI 

(yes=1, no=0) + 0.73 x AT (single=0, many=1) + 0.53 x MTS 
(≥5 cm=1, <5 cm=0)‑0.87 x AVT (yes=1, no=0). PI was an 
independent predictor for survival, with a cut-off value of 2.75. 
For low‑risk patients (PI <2.75), there was no significant differ-
ence in cumulative survival between TACE and non-TACE. 
For high-risk patients (PI >2.75), the cumulative survival 
rates showed significant differences among patients who had 
received ≥3 TACE procedues, patients who had received <3 
TACE procedures, and patients who had not undergone TACE. 
The PI model predicts the 5-year survival rate of patients with 
hepatitis B-related HCC. For high-risk patients with a PI >2.75, 
if they had received ≥3 prophylactic TACE procedures, they 
demonstrated a more favorable outcome. For low-risk patients 
(PI <2.75) with 1 or 2 risk factors, TACE is recommended 
1-2 times after surgery. TACE treatment is not required for 
low-risk patients without any risk fctors. These results may 
contribute to the decision-making process for whether prophy-
lactic intervention is recommended after radical resection of 
HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
malignancies, with ~750,000 people diagnosed with HCC per 
year (1), of which nearly 55% occur in China (2). There are 
between 600,000 and 700,000 HCC-associated deaths each 
year worldwide (3), with ~360,000 deaths in China alone (4). 
China has a high incidence of hepatitis B virus (HBV) infec-
tions and chronic HBV infection is one of the principal causes 
of HCC.

Surgical resection is the most effective method for treating 
patients with HCC at present. For resectable HCC, surgery is 
the first consideration. However, a high postoperative recur-
rence rate and metastasis rate limit the long-term survival of 
patients, even after radical surgery (5,6). In addition, HCC 
patients with HBV infection often exhibit cirrhosis, and HCC 
resection is limited by the severity of cirrhosis (7). In patients 
with persistent HBV infection, there are certain pathological 
factors that influence postoperative recurrence (including 
tumor size, microvascular invasion (MVI), surgical margin, 
foci, biological characteristics and the number of tumors); 
therefore, in theory, almost all HCC cases are likely to recur 
after surgery, and intrahepatic and extrahepatic metastases 
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can be difficult to treat via surgery (8). Even if the tumor is 
completely resected, small cancerous lesions may exsit in the 
liver that cannot be detected by preoperative or intraoperative 
radiology. Postoperative recurrence and metastasis of HCC 
may seriously decrease a patient's long-term survival (5,6).

Local treatment of the liver may be more effective than 
systemic therapies (5). The prophylactic transcatheter arterial 
chemoembolization (TACE) method is the most commonly 
used local treatment, and is widely used clinically to improve 
the efficacy of HCC surgery. Hepatic artery angiography and 
subsequent lipiodol computed-tomography (CT) examination 
during prophylactic TACE treatment are the most sensitive 
methods to detect residual cancer and early recurrence at 
an early stage (9). These methods allow for timely diagnosis 
and treatment of postoperative residual cancer or early recur-
rence (10) and therefore, adoption of TACE has become more 
widespread. It is strongly recommended that patients under-
going radical resection of HCC are treated with TACE in a 
timely manner after surgical resection (11,12). However, to 
the best of our knowledge, there are currently no studies eval-
uating the effectiveness of postoperative prophylactic TACE 
treatment for which a large-scale randomized controlled trial 
is preferable.

In the present study, a prediction index (PI) model of 
the 5-year survival rate of patients with hepatitis B-related 
HCC after radical resection was established and the effect 
of prophylactic TACE on patient survival was determined. 
The model may improve prognosis through individualized 
prophylactic TACE intervention after radical resection of 
HCC.

Materials and methods

Patients. The medical records of patients with hepatitis 
B-related HCC, that had received radical resection in The First 
Affiliated Hospital of Xinjiang Medical University (Urumqi, 
China) from October 2007 to December 2010 were retrospec-
tively reviewed. There were 201 patients in the final cohort, 
of which 130 were male and 71 were female. The age range 
of the cohort was 38-69 years with a mean age of 52±8 years. 
Informed consent was obtained from each patient and the 
study was approved by The Ethics Review Board of The First 
Affiliated Hospital of Xinjiang Medical University.

Inclusion and exclusion criteria. The inclusion criteria for 
patients were: i) Patients were in good general health and had 
no obvious heart, lung, kidney or other vital organ diseases; 
ii) had a liver function grade A or B; iii) had chronic hepa-
titis B infection based on the Guidelines for Prevention and 
Treatment of Chronic Hepatitis B (2005 Edition) (13); and 
iv) had surgical radical resection. Radical resection was 
considered if the patients had: i) Complete resection of the 
tumor; ii) no residual cancer; iii) had ≤3 distinct tumours; 
iv) no tumor embolus in the portal vein or branches, primary 
hepatic duct or branches or in the hepatic vein or the inferior 
vena cava; and v) no lymph node or distant metastases (14).

The exclusion criteria for patients were: i) Presence of other 
malignant tumors; ii) other types of viral hepatitis, drug-induced 
hepatitis, alcoholic liver diseases, autoimmune liver diseases 
or hereditary metabolic liver diseases; iii) decompensated 

cirrhosis; iv) a liver function grade of C; v) major underlying 
diseases (cardiovascular diseases and respiratory diseases); or 
vi) incomplete information.

Follow‑ups. Patients were followed up by telephone, clinical 
visits and letters. The time of surgery was considered as the 
starting point and 5 years after the operation was consid-
ered as end point. Outcome measurement included survival 
or mortality. At baseline, patient's age, sex, preoperative 
examinations (immunity markers, tumor markers, HBV 
DNA load, abdominal CT angiography), surgical proce-
dures, postoperative examinations (liver function, renal 
function, rountine blood test results), pathological biopsy 
report, anti-virus therapy (AVT), and prophylactic TACE 
treatment were recorded. The lower value was extracted 
if there were two inconsistent postoperative biochemical 
blood analyses. The maximum diameter of a single 
tumor was defiened as the largest diameter on the largest 
cross-sectional area. The sum of the maximum diameters of 
all the tumors was termed the 'diameter of multiple tumors'. 
The amount of tumor (AT) was determined based on preop-
erative imaging, including CT\magnetic resonance imaging 
and contrast-enhanced ultrasound. Detailed variables are 
listed in Table I.

The surgical margin was considered positive if there 
were: i) Slightly infiltrating lesions in the surgical margins; 
ii) abnormal margins or precancerous lesions; or iii) the 
margins of the resected lesions were <0.5 mm.

TACE. TACE was performed 2-12 weeks after surgery and the 
dosage regimen was determined based on the angiographic 
results. If tumor blood vessel staining was not observed during 
surgery, the proper hepatic artery would be infused with 
750 mg of 5‑fluorouracil and 60 mg of cisplatin, and subse-
quently embolized with a suspension of 3 ml of super‑liquefied 
lipiodol and 6 mg of mitomycin. The procedure was repeated 
once after 6-8 weeks in certain cases with risk factors, such 
as MVI. If tumor blood vessel staining was observed during 
surgery, the dose was determined according to the size and 
number of lesions and the patient's condition. CT examination 
was performed 6 weeks after TACE treatment to evaluate the 
intrahepatic condition.

Statistical analysis. SPSS 19.0 software (IBM Corp., Armonk, 
NY, USA) was used for statistical analysis. The univariate and 
multivariate Cox regression analyses were performed to iden-
tify the significant risk factors and the PI model was established 
based on the signficant factors. A receiver operating character-
istic (ROC) curve was drawn and the area under the receiver 
operating characteristic curve (AUROC) was determined. The 
Youden index at the maximum corresponding values was used 
to calculate the PI threshold. Kaplan-Meier survival analysis 
was used to analyze the cumulative survival and a Log-Rank 
test was used to determine differences in survival. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patient characteristics. A total of 201 HCC cases were 
included in the present study. Among the 201 patients, there 
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were 130 males (64.7%) and 71 females (35.3%), with an age 
range of 38-69 years (mean age, 52±8 years). The survival time 
range was 7-60 months. Of the 201 patients, 81 individuals 
succumbed to the cancer (40.3%) and 120 individuals survived 
for a minimum of 5 years (59.7%). A total of 95 patients were 
treated with TACE.

Univariate Cox regression analysis. Univariate Cox regres-
sion analysis showed that among the 34 related indicators, 
11 showed significant differences, including Hepatitis B 
DNA, pre-albumin, prothrombin activity, AVT, neutro-
phil-to-lymphocyte ratio (NLR), MVI, the maximum size 
of tumor (MTS), AT, tumor histological grade (HG), tumor 
envelope and positive resection margin (PRM). The above 
factors may have affected the patients' survival and prognosis 
(P<0.05; Table I).

Multivariate Cox regression analysis. All indicators in 
univariate analysis were ranked based on the P-values from 
the smallest to the largest. The first 20 indexes were further 

analyzed with the multivariate Cox risk regression model. 
After adjusting the confounding variables, seven independent 
factors were identified. As shown in Table II, there were six 
independent risk factors (NLR, MTS, HG, PRM, MVI, and AT) 
that may have increased the 5-year mortality risk of patients 
and 1 independent protective factor (AVT). The relative odd 
ratios (ORs) of NLR, MTS, HG, PRM, MVI, and AT were 1.38, 
1.69, 1.47, 2.50, 2.08 and 1.58. With a 1-unit increase in NLR, 
the risk of succumbing to the cancer within 5 years was be 
increased by 38%. Each 1-unit reduction in HG increased the 
probability of mortality by 47% within 5 years. AVT was the 
independent factor for 5-year mortality reduction (OR, 0.42).

Cox risk regression analysis of postoperative TACE treat‑
ment. Cox regression univariate and multivariate analyses 
of postoperative TACE treatment were performed. In the 
adjusted Cox regression model, postoperative TACE treat-
ment demonstrated a significant difference, suggesting that 
TACE may have a significant effect on the 5‑year survival of 
these patients (Table III). The corrected OR value was 0.51, 

Table I. Univariate Cox regression analysis of the 5-year survival rate of patients with hepatitis B-related hepatocellular carcinoma.

Variables Regression β Standard error Wald Levels of freedom P-value Odds ratio 95% CI

Hepatitis B DNA 0.44 0.23 3.85 1 0.050 1.56 1.00-2.43
Prealbumin -0.01 0.00 4.76 1 0.029 0.99 0.98-1.00
PTA -0.02 0.01 6.54 1 0.011 0.98 0.96-1.00
Tumor envelope 0.45 0.22 4.08 1 0.043 1.57 1.01-2.43
AVT  -0.56 0.23 6.00 1 0.014 0.57 0.36-0.89
NLR 0.44 0.10 18.27 1 <0.001 1.55 1.27‑1.89
MVI 0.87 0.23 14.57 1 <0.001 2.38 1.52‑3.71
AT 0.73 0.221 10.75 1 0.001 2.07 1.34-3.21
PRM 0.89 0.21 17.26 1 <0.001 2.43 1.60‑3.68
MTS 0.68 0.22 9.24 1 0.002 1.97 1.27-3.05
HG  0.38 0.14 7.02 1 0.008 1.46 1.10-1.92

CI, confidence interval; PTA, prothrombin activity; AVT, antivirus therapy; NLR, neutrophil‑to‑lymphocyte ratio; MVI, microvascular inva-
sion; AT, the amount of tumor; PRM, positive resection margin; MTS, the maximum size of tumor; HG, histological grade.

Table II. Multivariate Cox regression analysis of 5-year survival in patients with hepatitis B-related hepatocellular carcinoma.

Variables Regression β Standard error Wald Levels of freedom P-value Odds ratio 95% CI

NLR 0.32 0.11 8.80 1 0.003 1.38 1.11-1.70
AVT ‑0.87 0.24 13.04 1 <0.001 0.42 0.26‑0.67
MVI 0.73 0.24 9.09 1 0.003 2.08 1.29-3.35
AT 0.46 0.23 4.03 1 0.045 1.58 1.01-2.46
PRM 0.92 0.22 16.80 1 <0.001 2.50 1.61‑3.88
MTS 0.53 0.23 5.42 1 0.020 1.69 1.09-2.63
HG 0.39 0.15 6.91 1 0.009 1.47 1.10-1.97

The corrected factors included smoking, sex, prealbumin, alanine aminotransferase, albumin, triglycerides, hepatitis B DNA, liver function 
grades, cirrhosis, total bilirubin, prothrombin activity, γ glutamyl transpeptidase and tumor envelope. CI, confidence interval; AVT, antivirus 
therapy; NLR, neutrophil-to-lymphocyte ratio; MVI, microvascular invasion; AT, the amount of tumor; PRM, positive resection margin; MTS, 
the maximum size of tumor; HG, histological grade.
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thus, the postoperative risk of mortality within 5 years was 
1.96 times greater for patients who did not receive TACE 
treatment compared with patients that did receive it (P<0.05; 
Table III).

Establishment of the 5‑year survival prediction model. The PI 
model developed, based on the seven significant factors identi-
fied by the multivariate analysis, was: PI=0.32 x NLR + 0.39 
x HG (high=1, medium=2, low=3) + 0.92 x PRM (yes=1, 
no=0) + 0.87 x MVI (yes=1, no=0) + 0.73 x AT (single=0, 
many=1) + 0.53 x MTS (≥5 cm=1, <5 cm=0)‑0.87 x AVT 
(yes=1, no=0). The PI values of the patients in the present 
study ranged between 0.72 and 4.78. The larger the PI value, 
the higher the mortality rate within 5 years; the smaller the 
PI value, the lower the mortality rate within 5 years. Fig. 1 
shows that the AUROC of PI was 0.841, suggesting that the 
predictive value of PI was moderate. The PI cut-off value, 
which corresponded to the maximum Youden index, was 
2.75. The PI value was analyzed by the Cox risk regression 
model. After adjusting the factors, the PI values became 
independent predictors, and for each additional PI unit, the 
risk of death within 5 years was increased by 1.72 times 
(P<0.05; Table IV).

Survival analysis. The patients with a PI value >2.75 were 
defined as the high‑risk group and those with a PI value <2.75 
as the low-risk group. Kaplan-Meier survival analysis showed 
that the 1, 3 and 5-year cumulative survival rate of the group 
treated with TACE was 97.6, 95.2 and 90.5% respectively. In 
the low‑risk group (PI <2.75), the 1, 3 and 5‑year cumulative 
survival rate was 95.2, 85.5 and 83.9%, respectively, for patients 
who did not receive TACE treatment (Fig. 2). However, there 
was no significant difference between the two groups in the 
cumulative survival rates at all stages (P>0.05). For patients in 
the high risk group, the cumulative survival rate at all stages 
showed significant differences between patients who received 
>3 TACE treatments compared with that received <3 TACE 
treatments (P<0.05; Fig. 3). The cumulative survival rates at 
1, 3 and 5‑years were as follows: ≥3 TACE treatments were: 
100; 80.0; and 53.3% respectively, for patients who received 
<3 TACE treatments: 81.8; 40.9; and 36.4% repectively, and 
for patients who did not receive TACE treatment: 73.3; 13.3; 
and 13.3% respectively (P<0.05; Fig. 3).

Discussion

HCC is a blood vessel-rich tumor enabling easier extravasation 
into blood vessels, and metastasis to the hepatic sinusoids, and 
portal vein through the formation of micro-venous intrahe-
patic metastases (15). Therefore, MVI is often considered a 
major risk factor for postoperative recurrence and intrahepatic 
metastasis (15-18). MVI is additionally a risk factor for early 
recurrence (19). Postoperative TACE therapy in MVI-positive 
patients can prevent the establishment of a blood supply, 
preventing or at least limiting the proliferation of residual 
tumor cells, reducing the risk of early recurrence and metas-
tasis, and thus, increasing disease-free and overall survival.

The size and number of tumors are important factors 
affecting postoperative recurrence (20-24) as they can 
ref lect the aggressiveness of the tumor. Large tumors, 
especially tumors larger than 5 cm, significantly increases 
the risk of postoperative recurrence. Previous studies have 
demonstrated that the incidence of intrahepatic metastases 
and portal vein invasion in tumors larger than 5 cm was 
significantly higher compared with those smaller than 
5 cm (25), and the larger the tumor, the earlier postoperative 
recurrence occurred (26).

Tumor diameter, number, positive surgical margins, and 
MVI were the risk factors that significantly influenced post-
operative recurrence and metastasis. For patients with these 

Figure 1. Receiver operating characteristic curve of the prediction index 
value in predicting 5-year survival of patients with hepatitis B-related hepa-
tocellular carcinoma. The area under the curve was 0.841 (95% confidence 
interval, 0.786-0.897). The cut-off value was 2.75.

Table III. Cox risk proportional regression analysis of postoperative TACE treatment.

Variables Regression β Standard error Wald Levels of freedom P-value Odds ratio 95% CI

Before adjustment -0.46 0.23 4.16 1 0.041 0.63 0.40-0.98
After adjustment -0.67 0.24 8.14 1 0.004 0.51 0.32-0.81

The corrected factors included age, sex, smoking history, prealbumin, albumin, total bilirubin, serum creatinine, prothrombin activity, 
γ glutamyl transpeptidase, intraoperative blood loss, low density lipoprotein, alanine aminotransferase, aspartate aminotransferase, triglyc-
erides, Hepatitis B DNA, liver function grades, cirrhosis, tumor envelope, and TACE treatment. CI, confidence interval; TACE, transcatheter 
arterial chemoembolization.
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risk factors, TACE should be performed at 2-12 weeks after 
surgery based on the results of the multivariate Cox regression 
analysis. To determine the individualized TACE treatment 
regimen for patients, a PI model was established. The Cox 
regression analysis showed that a one unit increase in PI value 
increased the risk of mortality withing 5 years by 1.72 times. 
The final Cox multivariate regression model was refined by 
accounting for the number of times TACE was performed. For 
high-risk patients with a PI >2.75, the survival curves showed 
that ≥3 TACE treatments significantly improved overall 
survival. Based on the PI model, the early use of prophylactic 
interventional therapy for high-risk HCC patients after radical 
surgery may improve the 5-year survival rate. The PI model 
may provide evidence for the early intervention treatment after 
radical resection of liver cancer.

For the low-risk group, although the cumulative survival 
rates in each phase of the TACE group were higher than 
those in the non‑TACE group, no statistical significance was 
found. Based on the data, it may be hypothesized that there 
are certain risk factors (such as positive surgical margins, 

larger tumor volume, multiple lesions and microvascular 
thrombosis) which contribute to metastasis (15-26). The 
postoperative TACE treatment may help eliminate these risk 
factors and improve survival. For those with limited tumor 
or no tumor thrombus, radical resection is usually achieved 
and TACE treatment in not needed (13). Regular follow-ups 
should be performed. Therefore, based on the results of the 
present study, it is recommended that low-risk patients receive 
1-2 TACE treatments after surgery. Multiple TACE treatments 
may increase postoperative liver load, prolong the postopera-
tive immunosuppressive period, and thus, reduce the quality 
of life (10,11).

The risk factors that affected the 5-year survival in hepa-
titis B-related HCC were investigated and a predictive model 
to identify the high-risk groups with low 5-year survival rates 
after HCC radical resection was developed in the present study. 
The prediction model demonstrated that 1-3 TACE treatments 
with TACE for high‑risk patients significantly improved the 

Table IV. Cox risk proportional regression analysis of PI model predicting 5-year survival in patients with hepatitis B-related 
hepatocellular carcinoma.

Variables Regression β Standard error Wald Levels of freedom P-value Odds ratio 95% CI

Before adjustment 1.00 0.12 66.78 1 0.000 2.72 2.14-3.46
After adjustment 1.00 0.12 66.78 1 0.000 2.72 2.14-3.46

The corrected factors included age, sex, smoking history, prealbumin, albumin, total bilirubin, serum creatinine, prothrombin activity, 
γ glutamyl transpeptidase, intraoperative blood loss, low density lipoprotein, alanine aminotransferase, aspartate aminotransferase, triglyc-
erides, Hepatitis B DNA, liver function grades, cirrhosis, tumor envelope, and TACE treatment. CI, confidence interval; TACE, transcatheter 
arterial chemoembolization.

Figure 2. Survival curve of postoperative TACE and non-TACE treatment 
in the low risk group. Kaplan-Meier survival analysis was used to analyze 
the cumulative survival and the Log-Rank test was used to determine differ-
ences in survival. The 1-year, 3-year and 5-year cumulative survival rates of 
the TACE group were 97.6, 95.2 and 90.5%, respectively. The 1-year, 3-year 
and 5-year cumulative survival rates of non-TACE group were 95.2, 85.5 
and 83.9%. However, there was no significant difference in survival curve 
distribution and cumulative survival rate between the two groups (P>0.05). 
TACE, transcatheter arterial chemoembolization.

Figure 3. Distribution of survival curves for patients treated with TACE 
≥3 times, <3 times or no TACE treatment for the high‑risk group. 
Kaplan-Meier survival analysis was used to analyze the cumulative survival 
and the log-rank test was used to determine differences in survival. In 
the high‑risk group, patients who received ≥3 TACE treatments, TACE 
<3 times or no TACE treatment had significant differences in survival 
curve distribution and the cumulative survival rates at each stage. The 
1 year, 3 years and 5 years cumulative survival rates were: TACE ≥3: 100, 
80.0, 53.3%; TACE <3: 81.8, 40.9, 36.4%; no TACE treatment: 73.3, 13.3, 
13.3%. *P<0.05 compared with no TACE treatment at all stages. #P<0.05 
compared with TACE <3 times at all stages. TACE, transcatheter arterial 
chemoembolization.
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5-year survival rate. For the low-risk group, there was no 
significant difference in the 5‑year survival rate between the 
TACE group and non-TACE group. These results suggest 
that individualized early TACE treatment after radical HCC 
surgery is recommended.

The present study has certain limitations. The sample 
size was relatively small and recurrence-free survival was not 
analyzed. In future studies, larger sample sizes will be required 
to optimize the PI model and to evaluate the recurrence-free 
survival.

In conclusion, postoperative prophylactic TACE should 
be considered after radical resection of HCC. Based on the 
PI model developed in the present study, ≥3 prophylactic 
TACE treatments will have the most significant improvements 
in patient outcome for high-risk patients (PI >2.75), and for 
low‑risk patients or patients with ≤2 risk factors (PI <2.75), <3 
prophylactic TACE treatments is recommended after surgery. 
TACE treatment is not recommended for low-risk patients 
without any risk factors. The PI model developed in the present 
study may be used as a guide to determine whether treatment 
with TACE is recommended or a per-patient basis following 
radical resection of HCC.
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