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Abstract 
The prognosis of hepatocellular carcinoma (HCC) with portal vein tumor 
thrombosis (PVTT) is very poor although sorafenib is recommended as the 
first-line treatment. Therefore, an effective treatment regime is needed for 
treating HCC with PVTT. This review summarized seven potential treatment 
regimes which including transarterial chemoembolization (TACE), TACE 
combined with sorafenib, TACE combined with radiotherapy (RT), hepa-
tectomy, hepatic arterial infusion chemotherapy (HAIC), HAIC combined 
with sorafenib and HAIC combined with RT in the treatment of HCC with 
PVTT. In conclusion, hepatectomy or the combination of HAIC and sorafe-
nib may be a more effective modality in the treatment of HCC patients with 
type I - II PVTT. HAIC combined with or without sorafenib/RT or the com-
bination of RT and TACE is an alternative treatment choice for HCC patients 
with type III - IV PVTT. Further randomized controlled studies are war-
ranted.  
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1. Introduction 

Hepatocellular carcinoma (HCC) is one of the seven leading cancer in the world 
and the third leading cause of cancer related death [1]. HCC is asymptomatic 
during the early stage, most HCC are diagnosed in intermediate or advanced 
stage so that it is not candidate for surgery and thus affects the prognosis of pa-
tients. According to the American Association for the Study of Liver Diseases 
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(AASLD) guidelines, only 10% of HCC patients are suitable for surgical treat-
ment [2]. In terms of AASLD, European Association for the Study of the liver 
and Asian Pacific Association for the Study of the Liver guidelines, transarterial 
chemoembolization (TACE）is the first choice of intermediate stage HCC pa-
tients and sorafenib is the first-line treatment of advanced HCC [2] [3] [4]. 
However, approximately 35% - 45% of advanced HCC accompanied by portal 
vein tumor thrombosis (PVTT) [2] [5] [6] which can cause several severe prog-
nosis-related complications such as portal hypertension, upper gastrointestinal 
hemorrhage and hepatic encephalopathy. A systematic review has shown that 
the median overall survival (mOS) of advanced HCC patients with PVTT is only 
about 2.7 months, significantly lower than that of patients without PVTT in 
which mOS is 24.4 months [7]. According to current guidelines, sorafenib is still 
recommended as the first-line treatment for HCC with PVTT [2], and this rec-
ommendation is based on two phase III clinical trials (SHARP and ORIENTAL) 
[5] [8]. However, Although the two trials showed a statistical significantly dif-
ference in survival between sorafenib and placebo (Harzard ratio(HR): 0.69, 90% 
Confidence interval (CI): 0.53 - 0.89), the mOS of patients in sorafenib group 
was only 47 days longer than that in placebo group (184 vs. 137 days) [9]. So, the 
efficacy of sorafenib in the treatment of HCC patients with PVTT is limited. 
Other more effective treatment regimes are warranted. Therefore, this review 
will summarize and discuss the potential treatment modality in the treatment of 
HCC with PVTT. This view was conducted based on an online search on Pubmed 
by using the search items “hepatocelluar carcinoma” and “portal vein tumor 
thrombosis” combined with “sorafenib” or “transaterial chemoembolization/trasa- 
terial embolization” or “radiotherapy” or “hepatectomy/hepatic resection” or “he-
patic aterial infusion chemotherapy” with language limited to English, before 
February 5, 2020. 

2. TACE 

Although TACE is recommended as the first-line treatment of intermediate 
HCC [2] [3] [4], it is also effective for advanced HCC with PVTT. A prospective 
study conducted by Luo et al. included 164 patients showed that the mOS of 
HCC patients with PVTT in TACE treatment group was 7.1 months, signifi-
cantly longer than that in the conservative treatment group which was 4.1 
months, especially for patients with type I - II PVTT which mOS was 10.2 and 
5.2 months in TACE group and conservative group, respectively. Additionally, 
the benefit of TACE for type III - IV PVTT was also better than that of conserv-
ative treatment (mOS: 5.3 vs 3.4 months) [10]. Niu’s study demonstrated that 
the mOS of HCC patients with PVTT treated with TACE was 8.67 months, 
much longer than that of conservative treatment which was only 1.4 months 
[11]. A multicenter study showed that the mOS of patients in TACE group was 9 
months and 6 months, respectively, compared with that in conservative treat-
ment group. For type I, II, III and IV PVTT, the mOS of TACE and conservative 
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treatment group was 19, 12, 9, 6 and 12, 7, 7, 5 months, respectively. It showed 
that TACE was significantly better than conservative group for treating type I, II 
and III PVTT, but the benefit of TACE in type IV PVTT is not significant [12]. 
In addition, Pinter’s study shows that TACE is as effective as sorafenib in the 
treatment of HCC with PVTT, and can be used as an alternative to sorafenib 
[13]. However, TACE is only a locoregional therapy and it may lead to severe 
liver dysfunction for type III - IV PVTT [14], so the usefulness of TACE in type 
III - IV PVTT is controversial. 

3. TACE Combined with Sorafenib 

Due to that TACE is a locoregional therapy, so combined with a systematic 
agent may improve the treatment efficacy. Choi’s study showed that TACE 
combined with sorafenib was superior to sorafenib with respect to OS (HR: 0.64 
and 0.48, 95% CI: 0.44, 0.92, P = 0.02), but, there was a significant difference in 
the proportion of type III - IV PVTT patients between the two groups (24.5% vs. 
36.2%) [15]. Although Yuan’s study showed that TACE combined with sorafenib 
was superior to TACE alone in the treatment of hepatitis B-related HCC with 
PVTT (mOS was 13.0 and 7.0 months, respectively), the study did not report the 
complications after treatment [16]. In addition, a phase III randomized con-
trolled trial in Japan showed that TACE combined with sorafenib had no signif-
icant advantage over TACE alone in the treatment of unresectable advanced 
HCC [17]. Also, TACE treatment may lead to severe liver dysfunction in the 
treatment of type III - IV PVTT [14], so the combination treatment should be 
further evaluated. 

4. TACE Combined with Radiotherapy 

Because the poor prognosis of patients with PVTT is mainly due to intrahepatic 
dissemination or complications resulting from portal hypertension, rather than 
the progression of the tumor itself, some researchers focused on treating PVTT 
to improve the prognosis of HCC. Radiotherapy (RT) was used for treating solid 
tumors for years, and it combined with TACE showed advantages in the treat-
ment of HCC with PVTT. The combination of the two therapeutic methods has 
the following advantages: TACE can reduce the volume of tumor target so that 
increase the radiation dose of RT to PVTT and reduce the damage of normal 
liver tissue. RT can inhibit or kill the residual tumor after TACE. DSA can found 
the tumor lesions that CT or MRI cannot found, which is convenient for RT to 
sketching the target area [18]. A retrospective study of Lu showed that TACE 
combined with 3D-RT significantly prolonged the survival time of HCC patients 
with PVTT compared with TACE alone (mOS: 13.0 vs. 9.0 months, respectively) 
[19]. Li’s propensity matching score study showed that TACE combined with 
3D-RT was superior to TACE in the treatment of type II and III PVTT, with 
mOS of 12.5, 8.9 and 4.4, 4.0 months, respectively. However, there was no sig-
nificant difference between the two treatment regime when treating HCC with 
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type I and IV PVTT，with mOS of 23.7, 4.8 and 22.8, and 3.1 months, respec-
tively [18]. Wang’s study also showed that TACE combined with 3D-RT was 
significantly better than hepatectomy, TACE, TACE combined with sorafenib 
for type III PVTT, with mOS of 8.9, 6.0, 4.9 and 7.0 months, respectivey [20]. In 
addition, stereotactic body radiotherapy (SBRT) is regarded superior to 3D-RT 
due to its advantages of high accuracy, high dosage, high conformability and less 
treatment times. A study showed that the combination of SBRT and TACE can 
have some survival benefits compared with SBRT alone, but the combination 
may also damage the liver function [21]. Moreover, these studies are all retros-
pective studies, and the sample size is small. Prospective studies are still needed 
to verify the efficacy of TACE combined RT. 

5. Hepatectomy 

According to the guidelines, patients with HCC beyond Milan criteria are not 
suitable for hepatectomy. However, studies have shown that if the tumor can be 
completely removed, the patients can benefit from hepatectomy although HCC 
beyond Milan criteria [22] [23]. If the tumor and PVTT can be completely re-
moved, patients can also obtain longer survival time and higher quality of life 
[7]. Peng’s study showed that the 1-, 3-, 5-year survival rate of PVTT patients in 
hepatectomy and TACE group were 42.0%, 14.1%, 11.1% and 37.8%, 7.3%, 0.5%, 
respectively. Subgroup analysis showed that for type I (P < 0.001) and type II 
(P = 0.002) PVTT, single tumor (P < 0.001) and tumor diameter > 5 cm (P < 
0.001), the result favors hepatectomy [24]. Zheng’s study showed that the 1 -, 3 -, 
and 5-year survival rates of PVTT patients in the hepatectomy group were 
86.5%, 60.4%, and 33.3%, respectively, while those in the TACE group were 
77.6%, 47.8%, and 20.9%, respectively (P = 0.021). Univariate and multivariate 
analysis showed that the efficacy of hepatectomy was superior to that of TACE 
[25]. Lee’s study showed that for HCC patients with PVTT, the survival time of 
patients in hepatectomy group was significantly longer than that in TACE or 
sorafenib group (mOS: 19.9, 6.6 and 6.2 months, respectively, P < 0.001) [26]. A 
large case series study showed that hepatectomy (mOS: 15.9, and 12.5 months, 
respectively) was significantly prong the survival than TACE (mOS: 9.3 and 4.9 
months, respectively), TACE combined with sorafenib (mOS: 12.0 and 8.9 
months, respectively), TACE combined with RT (12.2 and 10.6 months, respec-
tively) in the treatment of HCC patients with type I and II PVTT [20]. These 
studies showed hepatectomy is beneficial in the treatment of HCC with PVTT, 
especially in type I - II PVTT.  

6. Hepatic Arterial Infusion Chemotherapy 

Hepatic arterial infusion chemotherapy (HAIC) is considered as an effective 
treatment for PVTT, which is widely used in Japan and Korea [27] [28] [29]. 
HAIC can increase and maintain the concentration of chemotherapeutic drugs 
in tumor cells. Theoretically, HAIC can treat HCC and PVTT. Compared with 
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systemic chemotherapy, the incidence of adverse events can be significantly re-
duced due to the decrease of systemic distribution of chemotherapeutic drugs. 
Some retrospective studies showed that HAIC can improve the survival of HCC 
patients with PVTT, which is significantly better than sorafenib [28] [29]. The 
study of Nanako showed that continuous infusion of lipiodol and chemothera-
peutics via hepatic artery could significantly prolong the survival period of HCC 
patients with type II - IV PVTT than sorafenib, and the mOS was 30.4 and 13.2 
months, respectively [29]. A small randomized controlled trial involving only 58 
patients showed that HAIC significantly prolong the survival time of HCC pa-
tients with type III - IV PVTT (mOS: 14.9 months vs 7.2 months) compared 
with sorafenib [27]. These studies showed the advantages of HAIC in the treat-
ment of HCC with PVTT, but still need large scale clinical trials to verify because 
most of these studies were retrospective or small sample size studies. 

7. HAIC Combined with Sorafenib 

Because HAIC is a locoregional treatment, and advanced HCC may have poten-
tial metastasis, a systematic treatment drug is needed for comprehensive treat-
ment. HAIC combined with sorafenib was used in many studies, and the result 
favors the combination regime. Nagai’s study included 38 HCC patients with 
type III - IV PVTT. The mOS of the patients treated with HAIC and sorafenib 
was 315 days, which was significantly longer than that treated with HAIC alone 
(197days) [30]. A prospective randomized controlled trial recruited 247 HCC 
patients with PVTT showed that HAIC combined with sorafenib could signifi-
cantly prolong the survival time (mOS: 13.37 vs. 7.13 months, respectively), and 
the progression-free survival time (median: 7.03 vs 2.6 months, respectively) of 
patients compared with sorafenib alone [31]. The mOS of patients in combina-
tion therapy group and sorafenib monotherapy group was 18.17 and 10.87 
months, respectively in type I - II PVTT subgroup, 13.47 and 6.27 months re-
spectively in type III PVTT subgroup, 9.47 and 5.5 months respectively in type 
IV PVTT subgroup [31]. These studies indicate the effectiveness and feasibility 
of HAIC combined with sorafenib in the treatment of HCC with PVTT. 

8. HAIC Combined with RT 

The purpose of HAIC combined with RT is to inhibit the growth of PVTT by 
RT, protect the portal vein blood flow and prevent the deterioration of residual 
liver function, so as to achieve the maximum therapeutic effect of HAIC. Oni-
shi’s retrospective study showed that HAIC combined with RT can significantly 
improve the objective response rate of liver tumor (52% vs. 18%, P < 0.01) and 
PVTT (45% vs. 18%, P = 0.01) compared with HAIC monotherapy in the treat-
ment of HCC patients with type III - IV PVTT, and its survival period is signifi-
cantly prolonged (mOS: 12.4 vs. 5.7 months) [32]. Kodama’s retrospective study 
showed that HAIC combined with RT is superior to sorafenib in the treatment 
of HCC with type III - IV PVTT with respect to PFS (median: 3.9 vs. 2.1 months) 
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and OS (median: 9.9 vs. 5.3 months) [33]. However, these conclusions need to be 
verified by further well-designed clinical studies. 

9. Conclusion 

Current studies showed that hepatectomy or the combination of HAIC and so-
rafenib may be a more effective modality in the treatment of HCC patients with 
type I - II PVTT. HAIC combined with or without sorafenib/RT or, the combi-
nation of RT and TACE are potential beneficial regimens for the treatment of 
HCC with type III - IV PVTT. Further studies are warranted to verify these con-
clusions. 
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