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Background: Hepatocellular carcinoma (HCC) was the most common primary malignant liver tumor. 
The portal vein thrombosis (PVTT) of 10–40% were detected when HCC is exactly diagnosed. The patients 
whose PVTT existed in main branch of portal vein had poor prognosis. Whether hepatectomy could 
improve the survival rate of patients of HCC with PVTT was currently unknown. This study was to explore 
the prognosis and affecting factors of HCC with PVTT after liver resection.
Methods: The clinical data of 81 patients who were performed surgical treatment because of HCC with 
PVTT were analyzed retrospectively. All patients were followed up. Kaplan-Meier curve (log rank test) 
was used to survival analysis. The factor of P<0.05 is entered into the model of Cox’s proportional hazards 
regression to multivariate analyze the prognostic factors of HCC with PVTT after hepatectomy. 
Results: The median survival time of HCC with PVTT after hepatectomy was 11.0 months, and the 
disease-free survival (DFS) time of HCC with PVTT after hepatectomy was 4.2 months. During follow-up, 
HCC recurrence and metastasis were happened in 78 patients while intrahepatic recurrence and metastasis 
were happened in 56 patients (71.8%). The 2-year overall survival (OS) rates of patients who received the 
treatment of Sorafenib and transcatheter arterial chemoembolization (TACE) and symptomatic treatment 
after recurrence were 50.0%, 18.5% and 0% (P=0.000), respectively. Multivariate analysis showed that 
surgical margins and Cheng’s classification for PVTT were independent factors on the DFS time for 
patients of the HCC with PVVT, while histological differentiation, Cheng’s classification for PVTT and 
the modalities were independent factors on the OS time. Subgroup analysis revealed that there were not 
statistically significant difference (P>0.05) for the DFS and OS time of patients between the type I and II 
of the Cheng’s classification for PVTT. However, there were significantly difference (P<0.05) for the DFS 
and OS time of patients between of the type I and type II and between of type II and type III of the Cheng’s 
classification for PVTT, respectively.
Conclusions: Cheng’s classification for PVTT and the mode of treatments after the recurrence were 
independent factors on the survival of patients of HCC with PVTT. The individual treatments based on 
multidisciplinary team (MDT) could effectively extend the survival time of patients of HCC with PVTT.
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Introduction

Hepatocellular carcinoma (HCC) was the most common 
primary malignant liver tumor, which ranked in the third in 
China (1). The portal vein thrombosis (PVTT) of 10–40% 
were detected when HCC is exactly diagnosed (2,3). The 
patients whose PVTT existed in main branch of portal 
vein had poor prognosis. The survival time of symptomatic 
treatment was only 2–4 months (4). There were reports that 
hepatectomy could improve the survival rate of patients 
of HCC with PVTT (5). We retrospectively analyze the 
clinical and follow-up data to explore the prognosis and 
affecting factors of patients of HCC with PVTT after 
hepatectomy.

Methods

The clinical data

The clinical data of 81 patients of HCC with PVTT 
who were underwent surgical treatment were analyzed 
retrospectively between January 2000 and December 2013. 
Seventy-one cases were males and 10 cases were females. 
The mean age was 51.8 years (range, 31 to 73 years). All 
patients were followed up.

The treatments of postoperative and recurrence

Transcatheter arterial chemoembolization (TACE) on 
one month after surgery was underwent for patients 
with multiple lesions and macroscopic vascular tumor 
thrombosis and surgical margin less than 1.0 cm. Iodized 
oil were conventionally injected into HCC. It was positive 
that there were tumor staining during TACE or iodized oil 
was identified by CT scan on one month after TACE. The 
model of treatments for patients with recurrence was TACE 
and Sorafenib and hepatectomy and liver transplantation 
and symptomatic treatment, et al.

Follow-up

Follow-up was undergone in outpatient. It was once a 
month within 3 months after hepatectomy, and then once 
every three months. It was once every 6 months 2 years 
later. AFP and liver function and ultrasound and CT scan 
or MRI was performed when follow-up. Time of HCC 
recurrence or metastasis would be verified by imaging date.

Statistical

SPSS 13.0 software package was used for data analysis. 
Difference between groups was compared using chi-squared 
test. Survival analysis was analyzed using the Kaplan-Meier 
method (log rank test). The factor of P<0.05 was entered 
into the model of Cox’s proportional hazards regression.

Results

Survival analysis

The end point of follow-up time was ended at March 31, 2016 
or death. The median time of follow-up was 11.0 months. The 
1-, 2-, 3- and 5-year survival rates were 48%, 23%, 20% 
and 6%, respectively. The median overall survival (OS) time 
was 11.0 months. The 1-, 2-, 3- and 5-year disease-free 
survival (DFS) were 23%, 12%, 6% and 3%, respectively. 
The median DFS time was 4.2 months. 

Affecting factors on the survival of patients of HCC with 
PVTT after hepatectomy

Kaplan-Meier analysis showed that surgical margins, blood 
loss, histological, Cheng’s classification for PVTT and 
TACE were important factors on the DFS of patients of 
HCC with PVTT (P<0.05). Cox’s proportional hazards 
regression showed that surgical margins and Cheng’s 
classification for PVTT were independent factors on the 
DFS (Table 1).

Affecting factors on OS time

The history of alcohol abuse and surgical margins and 
histological and Cheng’s classification for PVTT and 
treatment patterns for recurrence were important affecting 
factors on the DFS of patients of HCC with PVTT 
(P<0.05) (Table2). Cox regression risk model results showed 
histological and Cheng’s classification for PVTT and the 
model of treatment for recurrence were independent factors 
of survival (Figure 1).

Subgroup analysis

Cheng’s classification for PVTT
There were no patients  with type IV of  Cheng’s 
classification for PVTT in this group. There were no 
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statistically significant difference of DFS and OS between 
type I and type II of patients. There were statistically 
significant difference of DFS and OS between type I and 
type III and type II and type III of patients.

Recurrence and treatment
HCC recurrence or metastasis were detected in 78 
patients during follow-up. Intrahepatic HCC recurrence 
or metastasis were happened in 56 cases (71.8%) while 

extrahepatic HCC recurrence or metastasis were happened 
in 10 cases (12.8%). There were 12 cases (15.4%) who 
were found with intrahepatic and extrahepatic of HCC 
recurrence or metastasis, simultaneously. There were no 
statistically significant difference between groups (χ2=4.665, 
P=0.323). There were 26 cases (33.3%) with PVTT when 
recurrence or metastasis were conformed. There were no 
relationship with the Cheng’s classification for PVTT of the 
first liver resection (χ2=2.649, P=0.266).

Table 1 Affecting factors on DFS of patients of HCC with PVTT after hepatectomy

Factor n
Univariate Cox regression

Median OS (months) P RR (95% CI) P

Gender (male/female) 71/10 4.3/3.5 0.123

Age (≤60/>60 years) 67/14 4.4/3.5 0.363

History of alcohol abuse (no/yes) 48/29 4.4/2.7 0.131

Preoperative TACE (no/yes) 74/7 4.2/3.0 0.646

HbsAg (negative/positive) 10/71 4.4/4.2 0.226

Preoperative ALT (≤40/>40 U/L) 36/45 3.9/4.8 0.919

Preoperative GGT (≤64/>64 U/L) 33/48 4.1/4.3 0.786

Preoperative albumin (<35/≥35 g/L) 10/71 4.4/1.0 0.677

Preoperative total bilirubin (≤20/>20 μmol/L) 61/20 4.2/2.7 0.994

Child-Pugh classification (A/B) 73/8 4.3/1.0 0.995

Cirrhosis (no/yes) 4/77 3.0/4.2 0.992

Portal hypertension (no/yes) 67/14 4.3/3.5 0.164

Anatomic resection (no/yes) 38/43 4.1/4.2 0.458

Liver resection (≤2/>2 segments) 46/35 4.8/2.9 0.874

Surgical margin (<0.5/≥0.5 cm) 40/41 3.0/5.1 0.004 1.800 (1.116–2.903) 0.016

Blood loss (<1,000/≥1,000 mL) 54/27 5.1/2.0 0.027

Transfusion of blood (no/yes) 48/33 4.8/2.7 0.670

Hepatic vascular occlusion (no/yes) 31/50 4.0/4.3 0.705

AFP (≤400/>400 ng/mL) 26/54 4.8/3.9 0.303

Primary tumor diameter (≤5.0/>5.0 cm) 25/56 4.8/3.9 0.233

The number of lesions (single/multiple) 47/34 4.1/4.2 0.591

Histological (II/III–IV/necrosis) 48/31/2 8.4/6.6/36.0 0.000

PVTT Cheng typing (I/II/III) 23/37/21 6.5/4.8/1.7 0.000 1.729 (1.188–2.516) 0.004

Postoperative adjuvant TACE (no/yes) 26/55 4.8/2.0 0.057

DFS, disease-free survival; HCC, hepatocellular carcinoma; PVTT, portal vein thrombosis; TACE, transcatheter arterial chemoembolization; 
ALT, alanine aminotransferase; GGT, γ-glutamyltransferase; OS, overall survival; RR, relative risk.
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Follow-up results showed that TACE was the mainly 
treatment for HCC recurrence. Single TACE was 
undergone in 33 patients (42.3%). Sorafenib was used in 
6 patients (7.6%). Liver transplantation was performed in 
1 patient. Symptomatic treatment was used in 38 patients 
(48.7%). Hepatectomy was performed in 1 case whose 
survival reached to 34.4 months. The survival rates of 

2-year after recurrence for Sorafenib treatment and TACE 
and symptomatic treatment were 50.0%, 18.5% and 0%, 
respectively. The median survival time were 10.7, 8.0 
and 3.5 months (log rank test: χ2=26.291, P=0.000, 
Figure 2). The relapse-free survival time of patients who 
took Sorafenib was significantly better than those of TACE 
and symptomatic treatment.

Table 2 Affecting factors on survival of patients of HCC with PVTT after hepatectomy

Factor
Univariate Cox regression

Median OS (month) P RR (95% CI) P

Gender (male/female) 12.1/8.3 0.140

Age (≤60/>60 years) 11.0/6.4 0.215

History of alcohol abuse (no/yes) 13.2/9.0 0.013

Preoperative TACE (no/yes) 11.1/10.0 0.668

HbsAg (negative/positive) 18.8/10.0 0.370

Preoperative ALT (≤40/>40 U/L) 12.2/10.0 0.821

Preoperative GGT (≤64/>64 U/L) 12.1/10.0 0.843

Preoperative albumin (<35/≥35 g/L) 7.0/11.1 0.181

Preoperative total bilirubin (≤20/>20 μmol/L) 11.1/8.0 0.374

Child-Pugh classification (A/B) 12.1/6.0 0.499

Cirrhosis (no/yes) 7.9/11.0 0.726

Portal hypertension (no/yes) 12.1/8.3 0.287

Anatomic resection (no/yes) 12.2/10.0 0.356

Liver resection (≤2/>2 segments) 12.1/8.0 0.718

Surgical margin (<0.5/≥0.5 cm) 7.9/13.5 0.003

Blood loss (<1,000/≥1,000 mL) 14.0/7.8 0.186

Transfusion of blood (no/yes) 13.5/8.0 0.246

Hepatic vascular occlusion (no/yes) 11.1/10.0 0.396

AFP (≤400/>400 ng/mL) 11.1/10.0 0.573

Primary tumor diameter (≤5.0/>5.0 cm) 13.2/10.0 0.275

The number of lesions (single/multiple) 10.0/12.2 0.624

Histological (II/III–IV/necrosis) 14.2/7.0/45.0 0.004 1.399 (1.083–1.807) 0.010

PVTT Cheng typing (I/II/III) 15.6/14.8/5.0 0.000 1.741 (1.180–2.570) 0.005

Postoperative adjuvant TACE (no/yes) 13.5/5.4 0.009

Relapse treatment (resection/targeting/TACE/
symptomatic)

64.8/32.9/13.2/6.4 0.000 1.932 (1.290–2.895) 0.001

HCC, hepatocellular carcinoma; PVTT, portal vein thrombosis; TACE, transcatheter arterial chemoembolization; ALT, alanine 
aminotransferase; GGT, γ-glutamyltransferase; OS, overall survival; RR, relative risk.
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Discussion

Patients of HCC with PVTT had poor prognosis. The 
median survival time of symptomatic treatment was only 
3.0 months (6). PVTT was also an independent risk factor 
of poor prognosis after hepatectomy (7). Shi et al. reported 
that 1-year, 3-year the OS and DFS of patients HCC with 
PVTT of after liver resection were 34%, 13% and 13%, 5%, 

respectively in one group of 406 cases (8). The cumulative 
survival rate of 1-, 2-, 3- and 5-year after liver resection 
were 48%, 23% and 20% respectively in this study. It 
could be related with different types of PVTT between two 
groups.

Prognosis was significantly correlated with the position 
of PVTT. Chen et al. (9) found that PVTT located in the 
main portal vein was a risk factor for one year recurrence 
by analyzing 438 patients of HCC with PVTT after 
hepatectomy. Compared with PVTT located in the branch 
of portal vein, its recurrence rate were 79% and 45%, 
and median survival time were 10.1 and 18.8 months, 
respectively. Li et al. (10) defined those types of PVTT 
depending on the location of PVTT in portal vein. Type 
I was PVTT located in the branch of grade two of portal 
vein and above. Type II was PVTT located in the branch 
of grade one of portal vein. Type III was PVTT located in 
the trunk of portal vein. Type IV was PVTT located in the 
superior mesenteric vein (SMV). Cheng’s classification for 
PVTT could objectively reflect the prognosis of patients 
of HCC with PVTT. With type of PVTT increasing, the 
survival time of patients decreased. According to Cheng’s 
classification for PVTT, type I, II and III were 23, 37 
and 21 cases, respectively in our group. There were no 
statistically significant difference of DFS and OS between 
type I and type II of patients. The DFS and OS of type III 
were significantly shorter than type I and type II (P<0.05) 

Figure 1 The predictive effect of Cheng’s classification for PVTT on DFS and OS. (A) The effect of Cheng’s classification for PVTT on DFS 
of patients; (B) the effect of Cheng’s classification for PVTT on survival of patients. PVTT, portal vein thrombosis; DFS, disease-free survival.

Figure 2 The survival rates of 2-year after recurrence for 
Sorafenib treatment and TACE and symptomatic treatment. 
TACE, transcatheter arterial chemoembolization.
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which indicated that PVTT located in the main portal vein 
had poor prognosis.

Our previous results showed that PVTT was an 
important risk factor of short-term recurrence of liver 
resection (7). Therefore, comprehensive treatment after 
liver resection was very important. Multidisciplinary team 
(MDT) was one of the effective ways to improve the efficacy 
by multidisciplinary objective assessment, developing the 
best individualized treatment program and adjusting the 
treatment by observation (11). Yamamoto et al. (12) reported 
in a group of prognosis analysis of patients of HCC with 
PVTT that 5-year survival rate of patients of HCC with 
PVTT located in grade two, grade one and trunk of 
portal vein with TACE was higher than those without 
TACE, but there were no statistically significant difference 
between groups (29.3% vs. 11.3%, P=0.747). There were 
few patients with TACE before operation (7 cases) in 
our group. Compared to patients without TACE, there 
were no statistically significant difference on DFS and OS 
between two groups. There were 26 patients who received 
postoperatively adjuvant TACE. There was no significant 
difference between TACE group and without TACE group 
(4.8 and 2.0 months, P>0.05). Survival time of TACE group 
was significantly longer (13.5 and 5.4 months, P=0.009). 
The postoperative adjuvant TACE was not independent 
risk factor of prognosis. Peng et al. (13) reported in a 
group of 126 patients of HCC with PVTT after liver 
resection that the median OS of the TACE group and 
without TACE group were 13 and 10 months (P=0.0094), 
respectively. Adjuvant TACE could kill residual tumor and 
micro-metastases and increase the chances of DFS. It had 
synergistic effect with hepatectomy, which could improve 
long-term survival of patients of HCC with PVTT. 

Li et al. (14) observed the influence of Sorafenib about 
30 days on patients of HCC with PVTT after hepatectomy 
and found that the time to disease progression in patients of 
Sorafenib group (12 cases) was significantly longer (29 and 
22 months, P=0.041) than in patients of without Sorafenib 
group. OS time between two groups was also significantly 
different (37 vs. 30 months, P=0.01). The results showed 
that all patients could tolerate sorafenib-related adverse 
effects by reducing sorafenib dose. Sorafenib could prolong 
survival time by inhibiting the growth of tumor after HCC 
recurrence. The study showed that the treatment mode 
of recurrence after hepatectomy for patients of HCC 
with PVTT was an independent risk factor of affecting 
prognosis. Two patients who relapsed received liver 
transplantation and liver resection, respectively. Survival 

time was 91.2 and 60.2 months. Six patients took sorafenib 
after recurrence (including 1 case for recurrence after liver 
transplantation). Survival time of sorafenib for recurrence 
was significantly better than of TACE and symptomatic 
treatment (28.2, 8.0 and 3.5 months; P<0.001). In the 
BCLC staging system and guideline, patients of HCC with 
PVTT was classified as advanced HCC and sorafenib was 
the standard treatment mode for the period (14). Sorafenib 
had anti-angiogenesis effect and anti-tumor activity, which 
possibly mediated by tyrosine kinase [including VEGF, 
PDGFRs, Raf and phosphatidylinositol 3-kinase/Akt/
rapamycin (mTOR) signaling pathway targeting mammals] 
(15,16). Because sorafenib was expensive, few patients were 
entered into this group and there were only six cases in this 
group. It was about 11.7 months (1.3–32.2 months) from 
recurrence to taking sorafenib. All patients received TACE 
or radiotherapy (bone metastasis) during taking sorafenib, 
which indicated the effect of the MDT individualized 
therapy on extending survival.

All in all, Cheng’s classification for PVTT and treatment 
modal after recurrence were independent predictors of 
affecting survival of patients of HCC with PVTT. MDT 
individualized therapy based on the liver resection (including 
sorafenib) could effectively extend survival time of patients 
of HCC with PVTT.
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