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Background: Sorafenib, hepatectomy, and transarterial chemoembolization (TACE) are the recommended 
treatment for portal vein tumor thrombosis (PVTT) patients. Therefore, the aim of the present study was to 
conduct a multi-treatment meta-analysis. The aim of the present study was to analyze the survival benefit of 
different treatments options on PVTT patients.
Methods: We systematically analyzed 12 randomized controlled trials (4,265 participants) from 2012 
to 2019, which compared any of the following treatment options on PVTT patients: TACE, sorafenib, 
hepatectomy, sorafenib + TACE, hepatectomy + TACE, and sorafenib + hepatectomy. The main outcome 
was the 1-year survival rate of patients. 
Results: The results of the rank probability of effectiveness showed that sorafenib + TACE was more likely 
to be the most effective treatment, sorafenib + TACE group was ranged rank 1 when compared with the 
others [hepatectomy group: odds ratio (OR): 0.79, 95% confidence interval (CI): 0.03–18.26; hepatectomy 
+ TACE group: OR: 0.51, 95% CI: 0.01–13.59; sorafenib group: OR: 0.14, 95% CI 0.01–2.29, sorafenib + 
hepatectomy group: OR: 0.15, 95% CI: 0.00–24.88; and TACE group: OR: 0.51, 95% CI: 0.02–9.88]. The 
second most effect treatment option was hepatectomy alone.
Discussion: Sorafenib + TACE is more likely to be the most effective treatment option, while hepatectomy 
alone is the second effective treatment option. 
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 

cancer globally, and is one of the most prevalent causes 

of cancer-related death (1). HCC is likely to invade the 
portal vein system during the tumor growth (2). Poon et al. 
claimed that the incidence of portal vein tumor thrombosis 
(PVTT) in patients with liver cancer  is as high as 43%, 
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while 64.7% of patients with HCC may get portal vein 
invasion according to the autopsy report (3). However, 
patients with PVTT are often diagnosed at an advanced 
stage and have a short survival time. The Barcelona Clinic 
Liver Cancer/American Association for the Study of Liver 
Diseases classifies these patients as C stage (4). If PVTT 
patients are not treated, their median survival time is only 
2.7 months (5-7). Sorafenib is recommended as the only 
treatment option, but the survival of PVTT patients is 
still unfavorable. Treatment methods, such as surgery 
and transarterial chemoembolization (TACE), are also 
implemented. According to a previously published study, 
the median survival time of PVTT patients can be as short 
as 10.7 months (8). 

With the rapid evolvement of surgical techniques 
and equipment as well as the rise of adjuvant treatment 
measures, perioperative management is becoming 
gradually standardized. PVTT patients get more treatment  
options (9). Based on new research advances, Japanese 
scientists have claimed that hepatectomy can prolong the 
survival time of PVTT patients compared with those who 
do not undergo surgery (2.45 vs. 1.57 years, respectively; 
P<0.001) (4). Reports of the therapeutic effects of Sorafenib 
also tend to be favorable (8). Therefore, hepatectomy and 
sorafenib may play a more important role in the treatment 
of PVTT patients. 

Evidence also suggests that TACE can be more effective 
compared with hepatic resection, and the survival of 
HCC patients with PVTT can be further prolonged.  
(4,10-12). TACE is considered to be an update for 
traditional treatments, because TACE was thought might 
lead to post-operational liver dysfunction in these PVTT 
patients (13). However, in recent studies, the process of 
tumor thrombus formation has been described from the 
perspective of disease development, and TACE has been 
indicated to be an alternative option for PVTT patients. 
This view was also supported in the 2010 International 
Hepatobiliary Association Expert Consensus Statement, 
which recommends TACE as a standard treatment for 
PVTT patients (14,15). In addition, the treatment effect 
of sorafenib chemotherapy compared with TACE and 
hepatectomy is still controversial. Recent studies had 
compared hepatectomy, TACE, and sorafenib as separate 
groups in pairs (16,17). Whereas in clinical practice, one 
patient may receive two or more treatments at the same 
time or in succession. Whether a combination of the 
multiple treatments above is better than a monotherapy 
remains to be proved.

We conducted a Bayesian framework to compare the 
efficacy of sorafenib, TACE and hepatectomy alone or in 
combination. Data from previously reported studies were 
collected and reviewed (using both direct and indirect 
comparisons). The aim of the present study was to analyze 
the survival benefit of six different treatments options 
on PVTT patients. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at https://dx.doi.org/10.21037/atm-21-3937).

Methods 

Literature search 

Prior to study commencement, a study protocol was 
drafted, which is approved by Liver Surgery and Liver 
Transplantation Center, West China Hospital of Sichuan 
University. The overall dataset will be in the public domain 
upon publication of this paper. 

Literature retrieval was independently done by two 
authors. To obtain potentially eligible studies, we searched 
PubMed, Embase, Cochrane Library, and Web of Science. 
The search strategy was as follows: (hepatectomy OR 
hepatic resection OR liver resection) OR (transcatheter 
arterial chemoembolization OR TACE) OR (chemotherapy 
OR TACE OR sorafenib) AND (portal vein invasion OR 
portal vein tumor thrombosis OR PVTT) AND (HCC OR 
hepatocellular carcinoma OR liver cancer). The reference 
lists of relative reviews and meta-analyses were also 
manually screened to identify more studies.

Study selection 

We screened the references cited in the retrieved articles. 
The selected studies compared any 2 of the 6 treatments 
(TACE, sorafenib, hepatectomy, sorafenib + TACE, 
hepatectomy + TACE, and sorafenib + hepatectomy). Each 
study was reviewed by two authors and the results of each 
study were recorded. 

The screening criteria were as follows: (I) the study was 
a prospective or retrospective study comparing PVTT 
patients treated with those 6 treatments; (II) the results of 
the study showed a definite survival 1-year survival rate; 
and (III) the study reported sufficient data to estimate the 
hazard ratio (HR) and 95% confidence interval (CI). 

The exclusion criteria were as follows: (I) no HCC; (II) 
no comparative studies; (III) comparison of recurrent or 
ruptured HCC or mixed malignances; (IV) studies without 
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valuable data or data acquired through animal experiments; 
and (V) reviews, letters, case reports, and expert opinions.

Study synthesis, data extraction and analysis

Two reviewers independently extracted the data and 
assessed the validity in the identified studies according to 
a predetermined procedure, including basic information, 
such as the article title, the first author’s name, and the 
year of publication; the baseline characteristics observed in 
the studies, including age, sex, hepatitis B virus, cirrhosis, 
and tumor characteristics; and specific information on the 
treatment option (intervention), such as the duration of the 
intervention, the collection time of intervention cases, the 
length of follow up, different types of PVTT, and outcomes 
(1-year survival rate). Treatment effectiveness was based 
on the improvement of clinical symptoms, and then the 
effective rate was calculated. When there was any doubt 
regarding the data extraction, discussions took place with 
the third author to reach consensus, and the authors of the 
eligible studies were contacted if necessary. The data were 
collected and descriptively summarized to enable the further 
examination of variations in the research characteristics 
and results. This process helped to confirm the similarities 
between studies and the applicability of further synthesis 
methods (18). 

Sorafenib administration and PVTT

In all of the included articles, approximately 400 mg sorafenib 
was used for treatment (Provided by Bayer HealthCare 
AG, 200 mg/pill), and was orally given twice daily. When 
grade 3 or 4 adverse events (e.g., skin, hematological, and 
gastrointestinal toxicities or organ dysfunction, as defined 
by the National Cancer Institute Common Terminology 
Criteria for Adverse Events) occurred (19), the oral dose was 
reduced to 200 mg per day. The dose was adjusted if there 
were symptoms of adverse reactions.

PVTT was classified according to four types, as 
described by Shi et al. Type I PVTT was defined as tumor 
thrombi involving the segmental branches of the portal 
vein or above. Type II PVTT was defined as tumor thrombi 
extending to involve the right/left portal vein. Type III 
PVTT was defined as thrombi involving the main portal 
vein. Type IV PVTT was defined as thrombi involving the 
superior mesenteric vein (20).

Statistical analysis

All the studies were screened following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) extension statement for reporting systematic 
reviews incorporating network meta-analyses of health-
care interventions. A Bayesian hierarchical random-effects 
model was used to compare the outcome variables using 
relative ORs and CS calculated with RStudio version 4.0.2 
and ADDIS. Trials with 3 or more arms were split into 
2-arm trials if they could be combined. We used visual 
inspection of the forest plots to investigate the possibility of 
statistical heterogeneity, and the I2 statistic. Inconsistencies 
between pairwise effect estimates and between direct and 
indirect effect estimates were assessed with the I2 statistic, 
with values below 40% representing moderate inconsistency 
and values over 75% representing severe inconsistency. 
In the Markov Chain Monte Carlo chain (MCMC chain), 
convergence and lack of autocorrelation were checked 
and confirmed after 100,000 iterations. RevMan software 
version 5.3 was used to evaluate the risk of bias in the 
eligible studies.

Results

Characteristics of included studies

In total, 819 studies were retrieved in PubMed, Embase, 
Cochrane Library, and Web of Science. After the removal of 
duplicates, 529 unique records remained; 316 articles were 
removed by title screening and 188 articles were removed 
by abstract screening. The full text of the remaining records 
was then examined, and 12 eligible randomized controlled 
trials were identified for the present network meta-
analysis. A total of 4,265 cases were included in our study  
(Figure 1) (12,21-31). Of these, 477 patients were in the 
sorafenib group, 1,633 were in the TACE group, 1,532 
were in the hepatectomy group, 20 were in the sorafenib 
+ hepatectomy group, 135 were in the sorafenib + TACE 
group, and 285 were in the hepatectomy + TACE group. 
All patients had historically confirmed PVTT before 
these treatments. Rates of survival at postoperative follow 
up were reported in all the literature. The characteristics 
of the included studies and of the patients are shown in  
Table 1. Methods for handling missing data and intention-
to-treat analysis were not adequately described in most of 
the studies.
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Risk of bias

There was a low risk of bias in random-sequence generation 
in all of the studies (12,21-31). No publication bias was 
found in the analysis. All of the studies had a low risk of 
bias in incomplete outcome data. Only 2 studies had a high 
risk of bias in the blinding procedure of participants and 
personnel (Figure S1) (21,25). 

Network structure and heterogeneity

A total of 12 articles were included, forming 31 comparisons 
in the analysis. The network structure of the eligible 
studies is shown in Figure 2. Non-significant heterogeneity 
among trials was viewed as acceptable (I2<75%). Each node 
represented a treatment. Directly compared treatments 

were linked with a line, and the thickness of these lines 
reflected the number of trials that were assessed in the 
comparison.

Results of the MCMC chain and density plot

The result of the trace plots of the MCMC chain were 
provided to assess the convergence of the analysis, the result 
showed that the convergence could be confirmed accurately 
after 100,000 iterations (32). The plots are shown in  
Figure 3. 

The density plot showed that all the bandwidth values 
were close to 0. That meant that the convergence could be 
confirmed accurately after 100,000 iterations (33,34). The 
density plot is shown in Figure 3. 
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Results of the Brooks-Gelman-Rubin diagnostic plot and 
potential scale reduction factor value

The result of the Brooks-Gelman-Rubin diagnostic plot 
is shown in Figure 3. After 100,000 iterations, both the 
median and 97.5% value of the shrink factor tended to be 
1 and gradually stabilized. The potential scale reduction 
factor (PFRF) value of each comparison was close to 1 after 
100,000 iterations as well. That meant that the convergence 
could be confirmed accurately (35). 

Analysis of outcomes

The network meta-analysis ORs and 95% CIs for the 
effectiveness of different treatments are presented in  
Figure 4. The forest plots are presented Figure S2. All the 
OR intervals are not between “0” and “1”. This means that 
we can’t use these results to extrapolate which treatment is 
most effective. We can infer that one of those treatments 
may be a better choice. As shown in Figure 5 and Table S1, 
the results of the rank probability of effectiveness showed 
that sorafenib + TACE was considered the most effective 
treatment, sorafenib + TACE group was ranged rank 1 
when compared with the others (hepatectomy group: OR: 
0.79, 95% CI: 0.03–18.26; hepatectomy + TACE group: 

OR: 0.51, 95% CI: 0.01–13.59; sorafenib group: OR: 0.14, 
95% CI: 0.01–2.29; sorafenib + hepatectomy group: OR: 
0.15, 95% CI: 0.00–24.88; and TACE group: OR: 0.51; 
95% CI: 0.02–9.88). The second most effect treatment 
option was hepatectomy alone, hepatectomy group was 
ranged rank 2 when compared with the others (sorafenib + 
TACE group: OR: 1.32, 95% CI: 0.05–39.64; hepatectomy 
+ TACE group: OR: 0.71: 0.07–6.10; sorafenib group: OR: 
0.18, 95% CI: 0.02–1.17, sorafenib + hepatectomy: OR: 
0.19, 95% CI: 0.00–22.48; and TACE group: OR: 0.65, 
95% CI: 0.13–3.28). Sorafenib or sorafenib + hepatectomy 
was considered the least effective treatment option.

Discussion

Since the Sorafenib Hepatocellular Carcinoma Assessment 
Randomized Protocol (SHARP) trial in 2007, sorafenib is 
the only recommended therapy when HCC is associated 
with PVTT, which can effectively prolong the survival of 
PVTT patients (8,36-40). Considering the tolerance profile 
of this drug and the limited efficacy when used to treat 
PVTT patients (median overall survival rate of 8.1 months 
in SHARP key trials), the most effective management of 
HCC in PVTT patients is regularly questioned (40).

In some areas, sorafenib is expensive and not readily 
available. Surgical resection and TACE are also considered 
alternative treatments for patients with advanced liver 
cancer. 

Based on the findings of the present study, the survival 
time of HCC patients with PVTT varies depending on 
treatment method. Hepatectomy could achieve longer 
survival times compared with sorafenib, while the effect of 
TACE on the survival of PVTT patients is not statistically 
significant compared with sorafenib (38).

In a recent study, advanced liver cancer patients 
receiving sorafenib required multimode therapy for 
optimal outcomes, including hepatectomy after sorafenib 
treatment, treatment of complications, TACE and other 
adjuvant treatments, and the rational use of sorafenib after 
surgery (41). Zhang et al. reported hepatectomy might 
be more effective in patients without PVTT in the main 
trunk than TACE or conservative treatment (16). While in 
the results of this study, hepatectomy alone is the second 
effective treatment option. Both two results considered 
that hepatectomy is an effective approach. We further 
considered “Sorafenib + TACE” as an independent group to 
compare with other groups.

Invasion of the portal vein or a tumor thrombus in the 

HR SOR

TACE

Sor + 
TACE

HR + 
TACE

Sor + HR

Figure 2 Network structure of different treatments compared to 
each other. HR, hepatectomy; Sor, sorafenib; TACE, transarterial 
chemoembolization

https://cdn.amegroups.cn/static/public/ATM-21-3937-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-3937-Supplementary.pdf
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Figure 3 Result of convergence verification. HR, hepatectomy; PSRF, potential scale reduction factor; Sor, sorafenib; TACE, transarterial 
chemoembolization.

portal vein may promote intrahepatic metastasis, as well 
as decrease in blood supply and high portal pressure due 
to blockage of the blood vessels, eventually leading to 
deterioration of liver function with portal hypertension 
complications (42). It is for this reason that treatment 
options are limited. Because of the rapid progression 

of tumor thrombus, quick removal or reduction of 
tumor thrombus volume is important in the course of 
treatment. However, sorafenib is only likely to delay tumor 
progression, and the incidence of objective responses is 
low (2–3%). TACE has limited efficacy in reducing tumor 
thrombus volume (43,44).
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The present study has some limitations. First, most 
studies included in this study were designed retrospectively, 
we need to include more prospective randomized clinical 
trials of high-quality to refine our study, further confirm 
and improve the accuracy of the results. Second, in most 
previously published studies, most patients have hepatitis B 
virus. Therefore, additional studies are needed for patients 
without hepatitis B virus infection. Third, the study of 
sorafenib has its own limitations, mainly in terms of whether 
the patients are following the doctor’s advice and if they are 
being regularly followed up, a sensitivity analysis needed to 
be performed. Fourth, PVTT patients were not studied in 
groups according to the location of the tumor thrombus. 
Fifth, some articles did not provide tumor features; 
therefore, imbalance between the 6 groups of treatments 
may exist. Finally, the data were uneven distributed around 
the world, with more from Asia. Further studies will need 
to have a focus on Western data.

According to the results of Figure 4, it can be seen 

that all the OR intervals were not between 0 and 1. This 
means that we can’t use these results to extrapolate which 
treatment is most effective. We can only infer that one of 
those treatments may be the best choice. Such results may 
be related to insufficient sample size. It may also be related 
to the baseline inconsistency of the classification of the type 
of PVTT included in the article. More literature is needed 
to confirm this. Furthermore, according to Figure 3, it can 
be seen that the bandwidth value did not get closely to 0. 
This result is possibly related to the lack of the comparison 
between the sorafenib group and sorafenib + hepatectomy 
group in the included literature. Finally, subgroup analysis 
needs to be further refined in future studies. Further data to 
refine the results of the present study are required.

The results of the rank probability of effectiveness 
showed sorafenib + TACE was the most effective treatment, 
sorafenib + TACE group was ranged rank 1 when compared 
with the others (hepatectomy group: OR: 0.79, 95% 
CI: 0.03–18.26; hepatectomy + TACE group: OR: 0.51, 

HR 0.71 (0.07, 6.10) 0.18 (0.02, 1.17) 0.19 (0.00, 22.48) 1.32 (0.05, 39.64) 0.65 (0.13, 3.28)

1.42 (0.17, 12.67) HR + TACE 0.25 (0.02, 2.48) 0.28 (0.00, 37.57) 1.84 (0.07, 68.71) 0.91 (0.12, 7.98)

5.60 (0.86, 41.97) 4.02 (0.40, 43.09) Sor 1.11 (0.01, 88.37) 7.17 (0.44, 197.62) 3.61 (0.61, 26.66)

5.311 (0.05, 793.39) 3.82 (0.03, 656.24) 0.95 (0.01, 92.79) Sor + HR 6.72 (0.04, 2138.35) 3.49 (0.03, 508.55)

0.79 (0.03, 18.26) 0.51 (0.01, 13.59) 0.14 (0.01, 2.29) 0.15 (0.00, 24.88) Sor + TACE 0.51 (0.02, 9.88)

1.54 (0.30, 7.16) 1.11 (0.13, 8.29) 0.29 (0.04, 1.63) 0.27 (0.00, 32.99) 2.01 (0.10, 54.56) TACE

Figure 4 ORs and 95% CIs for the effectiveness of different treatments. Results are the ORs in the column-defining treatment compared 
with the ORs in the row-defining treatment. For efficacy, ORs >1 favor the column-defining treatment. For acceptability, ORs <1 favor the 
first treatment in the order. HR, hepatectomy; Sor, sorafenib; TACE, transarterial chemoembolization; ORs, odds ratios; CIs, confidence 
intervals.

Figure 5 Rank probability of effectiveness. Rank 1 indicates most effective, rank 6 indicates least effective. HR, hepatectomy; Sor, sorafenib; 
TACE, transarterial chemoembolization.

P
ro

ba
bi

lit
y

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

HR HR + TACE Sor 

Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 Rank 6

Sor + HR Sor + TACE TACE



Luo et al. PVTT treatment: a multi-treatment meta-analysis

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(18):1450 | https://dx.doi.org/10.21037/atm-21-3937

Page 10 of 12

95% CI: 0.01–13.59; sorafenib group: OR: 0.14, 95% 
CI: 0.01–2.29; sorafenib + hepatectomy group: OR: 0.15, 
95% CI: 0.00–24.88; and TACE group: OR: 0.51, 95% 
CI: 0.02–9.88). The second most effective treatment was 
hepatectomy alone. Our results suggest that for HCC 
patients with PVTT, combined therapy is better than single 
therapy.  In patients without surgical conditions, TACE 
combined with Sorafenib may be more effective than 
TACE alone or sorafenib alone. For patients who still have 
conditions for surgery hepatectomy may be a useful option.
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Supplementary

Figure S1 Risk of bias in the eligible studies. (A) Risk of bias summary. (B) Risk of bias graph.



Figure S2 Forest plot results. HR, hepatectomy; Sor, sorafenib; TACE, transarterial chemoembolization.

Table S1 Rank probability of effectiveness

Treatment Rank 1 (%) Rank 2 (%) Rank 3 (%) Rank 4 (%) Rank 5 (%) Rank 6 (%)

HR 0.23 0.32 0.26 0.14 0.05 0.01

HR+TACE 0.14 0.22 0.23 0.24 0.13 0.05

Sor 0 0.01 0.03 0.1 0.46 0.41

Sor + HR 0.13 0.09 0.06 0.08 0.17 0.46

Sor + TACE 0.44 0.18 0.12 0.14 0.08 0.04

TACE 0.06 0.19 0.3 0.3 0.12 0.03

Rank 1 indicates most effective, rank 6 indicates least effective. HR, hepatectomy; Sor, sorafenib; TACE, transarterial chemoembolization. 
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