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Abstract. The present study aimed to identify the risk factors 
influencing the survival of patients with hepatocellular carci-
noma (HCC) affected by portal vein tumor thrombus (PVTT), 
following hepatic resection, and to establish a prognostic 
model. Between March 2001 and May 2008, 234 cases of HCC 
with PVTT that underwent hepatic resection were randomly 
divided into experimental or validation groups. The associa-
tion between the clinicopathological factors and disease‑free 
survival (DFS) and overall survival (OS) was analyzed, and the 
significant factors involved were used to establish a prognostic 
model, which was then validated. Tumor rupture, number of 
tumors and macroscopic vascular invasion were observed to 
be independent risk factors of DFS and OS. In the prognostic 
model, the DFS and OS of low‑, medium‑ and high‑risk 
patients in the experimental group were observed to be signifi-
cantly different, compared to those in the validation group. In 
conclusion, the present study established a prognostic model for 
patients with HCC affected by PVTT following hepatectomy, 
and demonstrated that the model may be used to guide the 
treatment of these patients and predict their prognosis.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of 
cancer mortality worldwide (1), and one of the most common 
types of malignant tumors in China. Hepatic resection for HCC 
may benefit the majority of patients with well‑preserved liver 

function and no evidence of portal hypertension (2). Due to the 
biological characteristics of HCC, 20‑90% of the diagnosed 
cases of HCC present with vascular invasion, particularly 
portal vein tumor thrombus (PVTT). Vascular invasion has 
been previously identified as a major risk factor for recur-
rence and mortality following resection of HCC (3). Although 
patients with HCC that exhibit vascular invasion are associ-
ated with a poor prognosis, liver resection provides improved 
long‑term results than palliative therapies or supportive 
care (4). Peng et al (5) reported that hepatic resection may result 
in excellent long‑term survival in certain patients. In those 
studies, the authors observed that the survival rate of patients 
with HCC following hepatic resection was 14.1% at 3 years, 
while the survival rate of patients without hepatic resection 
was 7.3%. Zhang et al (6) described numerous factors that may 
affect the prognosis of patients affected by HCC with vascular 
invasion, following hepatectomy. However, there are limited 
studies describing the impact of hepatectomy on the long‑term 
outcome of these patients.

In the present study, a large cohort of patients with HCC 
and PVTT treated with surgical resection, were analyzed 
restrospectively. The purpose of the study was to identify the 
clinical and histopathological variables that correlate with 
recurrence and survival. A prognosis model for patients with 
HCC presenting with vascular invasion was suggested, based 
on the risk factors observed to be associated with prognosis.

Materials and methods

Ethics. The Ethics Committee of the Cancer Center of Sun 
Yat‑Sen University (Guangzhou, Guangdong, China) approved 
the present study. Written informed consent was obtained 
from the participants prior to enrollment in the study.

Patients. Data from a cohort of patients undergoing hepatic 
resection for HCC between March  2001 and May  2008 
was prospectively collected and analyzed. Patients were 
admitted in the study according to the following selec-
tion criteria: i) Patients were not administered any therapy 
prior to the hepatectomy; ii) patients presented with PVTT, 
including macroscopic and/or microscopic vascular invasion; 
iii) patients had been subjected to hepatic resection, followed 
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by histological examination to confirm negative surgical 
margins; and iv) patients did not present extrahepatic metas-
tases, severe liver dysfunction (Child‑Pugh class C) or had 
deceased prior to surgery. Those patients who had succumbed 
to diseases other than HCC were excluded from the study.

Clinicopathological variables. Among the 952  patients 
recruited for the study, 245 presented with PVTT. From the 
corresponding chart reviews, the following clinicopathological 
information was obtained for each patient: Gender; age; 
ascites; cirrhosis; levels of alanine aminotransferase (ALT) 
and α‑fetoprotein (AFP); serum levels of total bilirubin (TB), 
hepatitis B surface antigen (HBsAg), hepatitis C virus anti-
body (HCvAb) and albumin (ALB); tumor location, number 
and size; resection margin, macroscopic vascular invasion; 
and Edmondson Steiner grade.

Survival time was measured in months. Tumor size was 
assessed based on the largest dimension of the tumor specimen. 
The histological grades (I‑IV) were determined according to 
the highest grade observed, using the criteria of Edmondson 
and Steiner (7). The width of the surgical margin was measured 
as the smallest distance from the tumor edge to the resection 
line. Vascular invasion was considered to be macroscopic if 
invasion of the vessel was visible macroscopically and by 
computed tomography (CT) and magnetic resonance imaging 
(MRI) examination. By contrast, microvascular invasion was 
defined by the presence of clusters of cancer cells floating in 
the vascular space line formed by endothelial cells, following 
histopathological examination of the resected specimens by 
two independent pathologists.

Patient follow‑up. Measurement of AFP levels in serum, 
enhanced CT scan of the chest and abdomen or abdominal 
enhanced MRI in addition to chest CT/X‑ray examination 
were performed in the first 1‑2 months post‑surgery; then, 
every 2‑3 months in the first year, and every 3‑6 months 
thereafter. When tumor recurrence or metastasis was 
suspected, further examinations, including MRI, hepatic 
angiography and biopsies were performed. Telephone calls 
were also conducted when necessary. CT and MRI scanning 
images were interpreted at the start of the study by a group 
of four radiologists, who possessed ≥10 years of experience 
in image diagnosis, in the Department of Radiology of the 
Cancer Center of Sun Yat‑Sen University. The follow‑up for 
each patient data were regularly updated in the database. 
The follow‑up period was terminated on May 1, 2013 or on 
the date of the patient's demise. By the end of the follow‑up, 
11 of the 245 patients were unable to be contacted or data 
was incomplete. The median follow‑up of the remaining 
234 patients was 20 months (range, 3‑99 months).

Statistical analyses. Overall survival (OS) was measured from 
the date of hepatectomy until expiration, or to the most recent 
follow‑up time. Disease‑free survival (DFS) was measured 
from the date of hepatic resection to the date of the first 
diagnosis of tumor recurrence or the most recent follow‑up 
time. Survival curves were calculated using the Kaplan‑Meier 
method, and compared using the log‑rank test. Variables 
observed to be significant in univariate analysis (P<0.05) were 
entered into a step‑down Cox proportional hazard regression 

analysis to identify risk factors that correlated with DFS and 
OS. SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA) was 
used to perform the statistical analyses. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Clinicopathological characteristics. Table  I summarizes 
the clinicopathological characteristics of the patients with 
HCC exhibiting PVTT. The median age was 47  years 
(range, 15‑80 years, mean = 46.96±12.29 years). At the end 
of the study, 63 patients had survived, and 171 patients were 
deceased. The median survival time was 18.0 months, and the 
average survival time was 31.39±28.83 months. Patients were 
randomly divided into the experimental or validation groups 
(n=157 and 77, respectively), according to a ~2:1 proportion, 
and were stratified into low‑ and high‑risk groups by using 
AFP levels = 400 ng/ml as cut‑off values.

Univariate analysis of survival for patients in the experi‑
mental group. Macrovascular invasion includes trunk, primary 
and/or secondary branch vascular invasion. In the present 
study, macrovascular invasion of the primary or secondary 
branches were solely considered. Table II contains the results 
of the survival analysis conducted on patients affected by 
primary and secondary branches vascular invasion within the 
experimental group. According to these results, no significant 
differences were observed in DFS and OS analysis between 
the patients with vascular invasion of the primary branches, 
compared to those patients with vascular invasion of the 
secondary branches within the experimental group (Table II). 
Therefore, to facilitate the subsequent statistical and clinical 
analyses, primary and secondary branches vascular invasion 
were combined together into a single category termed macro-
vascular invasion.

Table III summarizes the results of the univariate analysis 
for survival rate following hepatic resection of patients with 
HCC affected by PVTT. For the analysis, parameters including 
patient age, tumor size and levels of ALT, TB and ALB, were 
divided into two subgroups depending on the average values, 
whereas resection margin was divided into three subgroups by 
using 0.5 and 1.0 cm as cut‑off values.

According to the results of the univariate analysis, levels 
of AFP  ≥400  ng/ml, presence of multiple tumors, tumor 
size ≥9.1 cm, tumor rupture and macrovascular invasion were 
identified as significant prognostic factors (P<0.05) associated 
with poor prognosis of DFS and OS.

Multivariate analysis of survival for patients in the experi‑
mental group. The parameters that were demonstrated to 
be significant in univariate analysis were entered in a Cox 
proportional hazards model for multivariate analysis, which 
identified the presence of multiple tumors, tumor rupture and 
macrovascular invasion as independent risk factors of recur-
rence and survival (Tables IV and V).

Establishment and validation of a prognostic model. 
According to the results of the multivariate analysis, the pres-
ence of multiple tumors, tumor rupture and macrovascular 
invasion appeared to be independent risk factors of recurrence 
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and survival for patients with HCC and PVTT who had been 
subjected to hepatic resection. Thus, group standards were 
established based on these three independent risk factors. 
Patients were divided into low‑, medium‑ and high‑risk groups 
(designated as group 1, 2 and 3, respectively), according to the 
number of risk factors that the patients presented. Thus, patients 
in the low‑risk group presented a single tumor, no tumor 
rupture and no macrovascular invasion. Patients belonging to 
the medium‑risk group exhibited one of the following char-
acteristics: Multiple tumors, tumor rupture or macrovascular 
invasion, whereas patients classified as high‑risk presented 
two or three of these characteristics.

The results demonstrated that the DFS and OS 
rates reduced gradually as the number of risk factors 
increased. The DFS and OS rates of patients in the three 
subgroups within the experimental group were significantly 
different (P<0.01)  (Table VI and Figs. 1 and 2). The same 
results were obtained for the validation group (P<0.01) 
(Table VII and Figs. 3 and 4).

Discussion

Hepatic resection is an accepted first‑line treatment for 
patients with HCC that exhibit well‑preserved liver function 
and no evidence of portal hypertension, which is possibly 
curative and may result in excellent long‑term survival (8,9). 
However, patients affected by HCC that have been subjected 
to hepatic resection have been observed to experience a high 
rate of tumor recurrence, with the majority of recurrence and 
metastasis following resection of HCC occurring within the 
remaining liver  (10). This is primarily due to intrahepatic 
dissemination of the tumor via the intrahepatic vascular 
system (11). Therefore, vascular invasion is considered to be an 
important risk factor for tumor recurrence and patient survival 
following resection of HCC (12). For patients with vascular 
invasion, the value of hepatic resection is controversial (13). 

Table I. Clinicopathological characteristics of the 234 patients 
with HCC presenting PVTT.

Variables	 No. of patients (%)

Gender	
  Male	 202 (86.3)
  Female	 32 (13.7)
HBsAg	
  Positive	 217 (92.7)
  Negative	 17 (7.3)
HCVAb	
  Positive	 2 (0.9)
  Negative	 232 (99.1)
Ascites	
  No	 188 (80.3)
  Yes	 46 (19.7)
Cirrhosis	
  No	 38 (16.2)
  Yes	 196 (83.8)
AFP (ng/ml)	
  <400	 93 (39.7)
  ≥400	 141 (60.3)
Tumor location	
  Left lobe	 79 (33.8)
  Right lobe	 129 (55.1)
  Left and right lobes	 26 (11.1)
Tumor number	
  Single	 158 (67.5)
  Multiple	 76 (32.5)
Tumor rupture	
  No	 181 (77.4)
  Yes	 53 (22.6)
Vascular invasion	
  Micro	 144 (61.5)
  Secondary branch	 43 (18.4)
  Primary branch	 47 (20.1)
Edmonson grade	
  Ⅰ + Ⅱ	 123 (52.6)
  Ⅲ + Ⅳ	 111 (47.4)
Adjuvant TACE	
  No	 187 (79.9)
  Yes	 47 (20.1)
Mean age ± SD (years)	 46.9±10.32
TB (µmol/l)	 16.9±10.1
ALT (U/l)	 50.47±34.48
ALB (g/l)	 41.7±4.1
Tumor size (cm)	 9.12±4.60
Resection margin (cm)	 1.0±0.8

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; 
HBsAg, hepatitis  B surface antigen; HCVAb, hepatitis  C virus 
antibody; AFP, α‑fetoprotein; TACE, transarterial chemoembo-
lization; SD, standard deviation; ALT, alanine aminotransferase; 
ALB, albumin.
 

Figure 1. Disease‑free survival curve for patients in the experimental group, 
who were divided into low‑, medium‑ and high‑risk groups. Cum, cumulative.
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Table III. Survival analysis of the patients in the experimental group.

				    DFS rate (%)				    OS rate (%)		
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 patients	 1‑year	 3‑years	 5‑years	 P‑value	 1‑year	 3‑years	 5‑years	 P‑value

Gender			   						    
  Male	 136	 35.3	 22.8	 18.4	 0.126	 66.9	 33.8	 27.2	 0.278
  Female	 21	 52.4	 28.6	 23.8		  61.9	 47.6	 38.1	
Age (years)									       
  <46.9	 79	 39.2	 24.1	 21.5	 0.754	 64.6	 35.4	 27.8	 0.801
  ≥46.9	 78	 37.2	 24.4	 17.9		  57.0	 35.9	 29.5	
Ascites									       
  No	 125	 39.2	 23.2	 19.2	 0.946	 64.0	 34.4	 27.2	 0.973
  Yes	 32	 34.4	 28.1	 21.9		  50.0	 40.6	 34.4	
Cirrhosis									       
  No	 24	 29.2	 20.8	 16.7	 0.498	 54.2	 33.3	 25.0	 0.580
  Yes	 133	 39.8	 24.8	 20.3		  66.7	 36.1	 29.3	
ALT (U/l)									       
  <50.4	 99	 42.4	 26.3	 20.2	 0.282	 60.6	 36.4	 30.3	 0.491
  ≥50.4	 58	 31.0	 20.7	 19.0		  62.1	 34.5	 25.9	
TB (µmol/l)									       
  <16.9	 87	 40.2	 24.1	 19.5	 0.464	 67.8	 39.1	 28.7	 0.361
  ≥16.9	 70	 35.7	 24.3	 20.0		  52.9	 31.4	 28.6	
HBsAg									       
  Negative	 11	 45.5	 27.3	 18.2	 0.844	 45.5	 36.4	 18.2	 0.545
  Positive	 146	 37.7	 24.0	 19.9		  62.3	 35.6	 29.5	
HCVAb									       
  Negative	 155	 37.4	 23.2	 19.4	 0.316	 60.6	 34.8	 28.4	 0.360
  Positive	 2		 100	 100	 50		  100	 100	 50	
ALB (g/l)									       
  <41.7	 74	 37.8	 27.0	 23.0	 0.752	 56.8	 37.8	 32.4	 0.750
  ≥41.7	 83	 38.6	 21.7	 16.9		  65.1	 33.3	 25.0	
Tumor location									       
  Left lobe	 49	 36.7	 26.5	 20.7	 0.822	 63.3	 38.8	 34.7	 0.697
  Right lobe	 89	 38.2	 22.5	 20.2		  61.8	 33.7	 27.0	
  Left and right lobes	 19	 42.1	 26.3	 21.1		  52.6	 36.8	 21.1	
Edmonson grade									       
  Ⅰ + Ⅱ	 80	 41.3	 27.5	 26.3	 0.284	 68.8	 41.3	 30.0	 0.260
  Ⅲ + Ⅳ	 77	 35.1	 20.8	 19.5		  53.2	 29.9	 27.3	
Adjuvant TACE
  No	 126	 42.1	 27.0	 21.4	 0.161	 61.9	 38.1	 29.4	 0.635
  Yes	 31	 22.6	 12.9	 12.9		  58.1	 25.8	 25.8	

Table II. Survival analysis of patients with vascular invasion of primary and secondary branches in the experimental group.

			   DFS rate (%)				    OS rate (%)
Macrovascular	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
invasion	 patients	 1‑year	 3‑years	 5‑years	 P‑value	 1‑year	 3‑years	 5‑years	 P‑value

Secondary branch	 28	 28.6	 10.7	 10.7	 0.067	 53.6	 25.0	 25.0	 0.098
Primary branch	 38	 15.8	 5.3	 5.3		  39.5	 15.8	 5.3	

DFS, disease‑free survival; OS, overall survival.
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In clinical practice, certain patients presenting with vascular 
invasion may achieve satisfactory survival following surgical 
comprehensive treatment (5). The purpose of the present study 
was to investigate the prognosis factors of patients with HCC 
and vascular invasion, in order to establish a classification 
criteria based on these factors that would aid the identification 
of patients suitable for surgical treatment.

In the present study, the number of tumors was demonstrated 
to be an independent risk factor of recurrence and survival. 
Due to its invasive nature, HCC tends to form multiple nodules 
that lead to postoperative recurrence (14). Zhong et al (15) 
suggested that in patients with HCC and preserved liver 
function, the presence of multinodular tumors was not a 

contraindication for hepatic resection. However, previous 
studies have suggested that patients with multiple tumors have 
a higher probability of worse survival prognosis than those 
with a single tumor, due to the significant risk of recurrence 
following hepatic resection for HCC (16). This hypothesis is 
supported by the results of the studies by Wang et al (17), who 
observed that the prognosis of patients with multinodular HCC 
was poor, compared to those with single‑nodular HCC.

The present study revealed that the incidence of spontaneous 
tumor rupture in patients with HCC affected by PVTT was higher 
than in patients with HCC overall (22.6 vs. 12.1%, respectively). 
Tumor spontaneous rupture was observed to be an independent 
risk factor of recurrence and survival for patients with HCC 

Table IV. Multivariate analysis of DFS for the experimental group.

Variables	 B	 SE	 Hazard ratio	 P‑value

AFP 	 0.249	 0.206	 1.283	 0.227
Tumor number	 0.336	 0.102	 1.399	 0.001
Tumor size	 0.133	 0.211	 1.143	 0.527
Tumor rupture	 0.489	 0.221	 1.631	 0.027
Macrovascular invasion	 0.261	 0.119	 1.299	 0.027

DFS, disease‑free survival; B, regression coefficient; SE, standard error; AFP, α‑fetoprotein.
 

Table III continued. Survival analysis of the patients in the experimental group.

				    DFS rate (%)				    OS rate (%)		
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 patients	 1‑year	 3‑years	 5‑years	 P‑value	 1‑year	 3‑years	 5‑years	 P‑value

Resection margin (cm)									       
  ≤0.5	 28	 35.7	 25.0	 14.3	 0.123	 60.7	 32.1	 25.0	 0.182
  0.5‑1.0	 52	 28.8	 17.3	 13.5		  57.7	 34.6	 19.2	
  ≥1.0	 77	 45.5	 28.6	 24.7		  63.6	 37.7	 36.4	
AFP (ng/ml)									       
  <400	 64	 48.4	 28.1	 20.3	 0.034	 75.0	 46.9	 35.9	 0.014
  ≥400	 93	 31.2	 21.5	 19.4		  51.6	 28.0	 23.7	
Tumor number									       
  Single	 104	 45.2	 27.9	 23.1	 0.001	 68.3	 39.4	 32.7	 0.010
  Multiple	 53	 24.5	 17.0	 11.3		  47.2	 28.3	 20.8	
Tumor size (cm)									       
  <9.1	 94	 45.7	 26.6	 20.2	 0.026	 68.1	 43.6	 33.0	 0.037
  ≥9.1	 63	 27.0	 20.6	 19.0		  47.6	 23.8	 22.2	
Tumor rupture									       
  No	 120	 44.2	 28.3	 22.5	 0.001	 67.5	 42.5	 34.2	 <0.001
  Yes	 37	 18.9	 10.8	 10.8		  40.5	 13.5	 10.8	
Vascular invasion									       
  Microscopic	 91	 50.5	 36.3	 28.6	 <0.001	 72.5	 47.0	 38.5	 <0.001
  Macroscopic	 66	 19.7	 6.1	 6.1		  43.9	 18.2	 15.2	

DFS, disease‑free survival; OS, overall survival; ALT, alanine aminotransferase; TB, total bilirubin; HBsAg, hepatitis  B surface antigen;  
HCVAb, hepatitis C virus antibody; ALB, albumin; TACE, transarterial chemoembolization; AFP, α‑fetoprotein.
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affected by PVTT, and patients with tumor rupture exhibited a 
higher probability of poor prognosis than those without tumor 
rupture. The mechanism of spontaneous tumor rupture in HCC 
has been proposed to be associated with rapid tumor growth 
that may lead to tumor necrosis; tumor invasion of the venous, 
resulting in venous occlusion; or increased macrophages and 
neutrophils‑mediated vascular endothelial cell permeability, 
which may damage the walls of the blood vessels (18).

Previous studies have confirmed that macrovascular inva-
sion was associated with the malignant degree of HCC, and 
that the degree of vascular invasion affected the prognosis of 
patients with HCC (19). These studies also suggested that DFS 
and OS rates in patients with HCC presenting macrovascular 
invasion were lower than those in patients without macrovas-
cular invasion (20).

Previous studies have suggested that the levels of AFP 
were associated with survival following resection (21,22). By 
contrast, the levels of AFP were not observed to be a prog-
nostic predictor for survival in other studies (23). In the present 
study, the levels of AFP were not able to predict the survival 

of patients with HCC and PVTT, following hepatic resection. 
The fact that the levels of AFP were observed to be important 
prognostic factors for survival but did not directly correlate 
with tumor size or number, suggests that AFP may display 
other properties within the complex biology of HCC (20).

Previous studies indicated that the extent of liver resection 
margin was an independent prognostic factor for OS (24,25). 
However, the present study demonstrated that the extent of 
liver resection margin did not influence the postoperative OS, 
in agreement with previous reports  (26,27). This apparent 
discrepancy may be explained by the fact that HCC has a 
propensity to disseminate via vascular invasion. Thus, intra-
hepatic metastasis is likely to be present beyond 1 cm in the 
majority of patients prior to operation. The results derived from 
the present study suggest that a resection margin ≥1 cm had 
little beneficial effect on prolonging the OS rate for patients 
with HCC and PVTT who underwent hepatic resection.

Cheng et al (28) proposed that the type of tumor thrombi 
may aid to determine the treatment plan and assess the 
prognosis of patients with HCC presenting PVTT. In their 

Table VI. Survival analysis of patients in the low, medium and high‑risk groups within the experimental group.

			   DFS rate (%)				    OS rate (%)
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 patients	 1‑year	 3‑years	 5‑years	 P‑value	 1‑year	 3‑years	 5‑years	 P‑value

1	 52	 61.5	 44.2	 34.6	﹤ 0.001	 86.5	 57.7	 50.0	﹤ 0.001
2	 58	 34.5	 20.7	 17.2		  55.2	 31.0	 22.4	
3	 47	 14.9	 6.4	 6.4		  40.4	 17.0	 12.8	

DFS, disease‑free survival; OS, overall survival.
  

Table VII. Survival analysis of patients in the low‑, medium‑ and high‑risk groups within the validation group.

			   DFS rate (%)				    OS rate (%)
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Groups	 patients	 1‑year	 3‑years	 5‑years	 P‑value	 1‑year	 3‑years	 5‑years	 P‑value

1	 33	 60.6	 48.5	 42.4	﹤ 0.001	 72.7	 60.6	 51.5	﹤ 0.001
2	 27	 34.8	 3.7	 3.7		  63.0	 18.5	 7.4	
3	 17	 5.9	 0.0	 0.0		  17.6	 0.0	 0.0	

DFS, disease‑free survival; OS, overall survival.
  

Table V. Multivariate analysis of OS for the experimental group.

Variables	 B	 SE	 Hazard ratio	 P‑value

AFP	 0.385	 0.207	 1.470	 0.063
Tumor number	 0.236	 0.1045	 1.266	 0.024
Tumor size	 0.033	 0.2105	 1.034	 0.877
Tumor rupture	 0.646	 0.224	 1.907	 0.004
Macrovascular invasion	 0.246	 0.120	 1.279	 0.040

OS, overall survival; B, regression coefficient; SE, standard error; AFP, α‑fetoprotein.
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studies, the authors observed that there was no significant 
difference between the DFS and OS rates of patients with 
HCC affected by primary branch of PVTT, compared to 
those exhibiting secondary branch of PVTT. However, the 
results from the present study differ from other reports in the 
literature (29), possibly due to the relatively small size of the 
sample. Thus, further studies are required to confirm these 
preliminary observations.

Chung  et  al  (30) compared the outcomes of patients 
treated with transarterial chemoembolization (TACE) with 
those of patients receiving supportive care according to their 

Child‑Pugh class. The authors demonstrated that TACE may 
be performed safely and improve the OS of patients with HCC. 
However, the resuls from the present study indicate that TACE 
was not capable of benefiting patients with HCC and PVTT, 
in regards to their DFS and OS rates. This may be associated 
with the small number of cases used in the study, and the fact 
that the majority of patients were not treated with TACE, but 
only those in poor condition.

Several staging methods or liver staging systems for HCC 
have been proposed, including those described by Okuda, 
Cancer of the Liver Italian Program, Barcelona Clinic Liver 
Cancer, Model for End‑Stage Liver Disease, Chinese Univer-
sity Prognostic Index, Japanese Integrated System, Tumor 
Node Metastasis, Groupe d'Etude de Traitement du Carcinoma 
Hepatocellulaire and Liver Cancer Study Group of Japan (31). 
However, the predictive performance of the existing prog-
nostic systems is non‑ideal, due to their inherent limitations, 
the non‑universal reproducibility and transportability of the 
results in different populations and other key factors that must 
be also considered (31). Previous studies (32,33) have reported 
that vascular invasion is a useful parameter in the grading and 
staging system of patients with HCC. However, this was not 
observed in the present study.

In the present study, patients with HCC presenting 
PVTT were divided into low‑, medium‑ or high‑risk groups, 
according to the number of risk factors exhibited by the 
patients. The DFS and OS rates for these groups were 
observed to be significantly different. These results suggest 
that an increase in the number of risk factors leads to worse 
DFS and OS rates. Thus, the prognostic model proposed in 
the present study, based on the above risk factors, may be 
used to guide the treatment, predict the prognosis, enhance 
the therapeutic efficiency and improve the survival rates of 
patients with HCC affected by PVTT.

In conclusion, the results of the present study have demon-
strated that parameters such as the number of tumors, tumor 

Figure 3. Disease‑free survival curve for patients in the validation group, who 
were divided into low‑, medium‑ and high‑risk groups. Cum, cumulative.

Figure 4. Overall survival curve for patients in the validation group, who 
were divided into low‑, medium‑ and high‑risk groups. Cum, cumulative.

Figure 2. Overall survival curve for patients in the experimental group, who 
were divided into low‑, medium‑ and high‑risk groups. Cum, cumulative.
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rupture and macrovascular invasion may affect the postop-
erative outcomes of patients with HCC and PVTT following 
hepatectomy. In addition, the prognostic model established, 
based on the number of risk factors exhibited by the patient, 
may be used to guide the treatment and predict the prognosis of 
these patients.
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