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Abstract
Background: According to the Barcelona Clinic Liver Cancer (BCLC) staging system, the presence of portal vein tumor
thrombosis (PVTT) is considered to indicate an advanced stage of hepatocellular carcinoma (HCC) with nearly no cure. Hepatic
resection and transarterial chemoembolization (TACE) have recently been recommended for treatment of HCC with PVTT.

Methods: We conducted a systematic review to compare the overall survival between patients with HCC and PVTT undergoing
hepatectomy, TACE or conservative treatment including sorafenib chemotherapy. The PubMed, Web of Science, and Cochrane
Library databases were searched. All relevant studies were considered. Hazard ratios with 95% confidence intervals were calculated
for comparison of the cumulative overall survival. Ten retrospective studies met the inclusion criteria and were included in the review.

Results:Overall survival was not higher in the hepatectomy group than TACE group. But survival rate was higher in hepatectomy
group than conservative group. The subgroup analysis demonstrated that hepatectomy was superior in patients without PVTT in the
main trunk than in patients with main portal vein invasion. In patients without main PVTT, hepatectomy has showedmore benefit than
TACE. However, there has been no significant difference between the hepatectomy and TACE groups among patients with main
PVTT.

Conclusion: For patients with resectable HCC and PVTT, hepatectomy might be more effective in patients without PVTT in the
main trunk than TACE or conservative treatment.

Abbreviations: BCLC = the Barcelona Clinic Liver Cancer, HCC = hepatocellular carcinoma, MeSH =medical subject heading,
nRCTs = non-randomized comparative trials, PVTT = portal vein tumor thrombosis, RCTs = randomized controlled trials, ROBINS =
Risk of Bias in Non-randomized Studies of Interventions, TACE = transarterial chemoembolization.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer and one of the most prevalent causes of cancer-related
death worldwide.[1] Because of the biological characteristics of
HCC, it is prone to invade intrahepatic vessels, especially the
portal vein system.[2] The reported possibility of portal vein
invasion in patients with HCC at autopsy is 64.7%.[3] However,
according to the Barcelona Clinic Liver Cancer/American
Association for the Study of Liver Diseases (BCLC/AASLD),
portal vein invasion or portal vein tumor thrombosis (PVTT) is
considered to represent an advanced stage of disease (BCLCC
stage) with nearly no hope of cure.[4] The only suggested
treatment option is chemotherapy with sorafenib, but the median
survival time of patients with PVTT is as short as 10.7 months.[5]

When no intervention is done, the median survival time is only
2.7 months.[6–8]

Because of recent advances in surgical techniques and
perioperative management, liver resection combined with
thrombectomy has become a reasonably safe treatment option
for some selected patients with acceptable mortality and
morbidity rates.[10,11] According to a study by Kokudo et al,[4]

hepatic resection could provide longer survival times for patients
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with HCC and PVTT than in patients who do not undergo
resection (2.45 vs 1.57 years, respectively; P< .001). Therefore,
to improve the survival benefit of patients with HCC and PVTT,
surgical intervention has been introduced in some medical
centers.[4,9] Anatomical hepatectomy is effective in eliminating
the main gross tumor, and possible satellite nodules. When it is
combined with thrombectomy, it could remove the thrombus
from the portal vein system. This method could reduce the portal
vein pressure and may help to improve liver function. Most
importantly, by reducing the tumor burden, hepatectomy
combined with thrombectomy could increase the effect of
multimodality treatments after operation such as TACE or
systematic therapy. Although the benefit of this method is
obvious, its disadvantages are also of concern. When tumor
thrombosis formed in portal vein system, the tumor cells spread
out and were penetrating into circulation system. So, even though
hepatectomy and thrombectomy were done concomitantly, HCC
patients with PVTT could achieve limited survival benefits from
the surgery because of tumor recurrence. Due to the short
predicted survival time of HCC patient with PVTT, some
researches proposed that great trauma and from surgery, damage
of residual liver function, and high recurrence rate may limit the
use of hepatectomy. According to a report by Ye et al,[12] patients
who undergone transarterial chemoembolization (TACE), have
shown longer survival times than those who did hepatectomy
combined with hepatic resection. Several other large-scale studies
have described the use of aggressive surgical resection in several
medical centers.[4,9,13,14] However, the effective treatment in
patients with PVTT remains controversial.
In the past, TACE was especially regarded as a contraindica-

tion for the patients with PVTT in the main trunk because it has
led to liver dysfunction.[15,16] Recent studies have shown that
PVTT is slowly formed and that its blood supply comes from the
hepatic artery.[17] Therefore, PVTTmay not completely block the
blood flow of the portal vein in most cases and TACE may be an
effective treatment option for patients with HCC and PVTT. The
2010 International Hepatic-Pancreato-Biliary Association expert
consensus statement has recommended; TACE as a standard
treatment for advanced-stage HCC, even for patients with
PVTT.[18] However, the treatment effect of TACE compared with
hepatectomy or sorafenib chemotherapy remains controversial.
We conducted a systematic review and meta-analysis of the

available literature to clarify the survival benefits of hepatic
resection over TACE or sorafenib chemotherapy in patients with
HCC with PVTT and the survival benefits of hepatic resection in
patients with HCC with or without invasion of the main trunk of
the portal vein.
2. Methods

We performed a literature search using the main databases
(Medline, Embase, and Cochrane Library). A computer-assisted
search was conducted using the following combination of
Medical Subject Heading terms (MeSH): “hepatocellular carci-
noma” and “portal vein tumor thrombosis” and “hepatectomy”
and “liver resection” and “transarterial chemoembolization” and
“chemotherapy” and “palliative therapy” and “sorafenib.” We
also checked the useful references from the articles retrieved and
the main review articles. Studies that have concentrated on
hepatectomy vs TACE or conservative treatment (which included
sorafenib chemotherapy and/or symptomatic treatment) were
selected. Each study was reviewed by 3 authors, and the
2

methodological criteria and results of each study were recorded.
Studies were judged suitable for the meta-analysis only if theymet
all 3 of the following criteria:
(1)
 the study was a prospective or retrospective clinical trial of
hepatectomy vs TACE for treatment of HCC with PVTT;
(2)
 the study contained well-defined outcomes including at least
one of the following: (a) total hospital stay or (b) 1, 3, or 5-
year survival rates; and
(3)
 mortality and morbidity data were provided. The mortality
rate was calculated as death within 30 days after the surgery
or TACE treatment. Morbidity rates were calculated by the
number of patients who developed least one adverse event of
any nature within 30 days after the treatment. Only results
fully reported in journal articles were taken into consider-
ation.

The exclusion criteria were
(1)
 non-HCC,

(2)
 hepatic metastasis,

(3)
 mixed malignances,

(4)
 non-comparative studies, and

(5)
 comparison between hepatic resection vs TACE or sorafenib

for recurrent or ruptured HCC.

Of the 113 articles initially identified, 10 met the inclusion
criteria. This systematic review was based on the results from
these studies. The reports of all 10 trials were reviewed blindly
and independently by the 3 above-mentioned authors using a
standardized data abstract form. Disagreement was resolved by
consensus. We did not contact the study authors for additional
data. Because this study is ameta-analysis and systemic review, so
ethical approval and informed consent are not necessary.
2.1. Statistical analysis

We analyzed studies addressing hepatectomy and TACE or
sorafenib chemotherapy in patients with HCC and PVTT. The
results were analyzed by the DerSimonian–Laird method for
comparing and summarizing outcomes of individual clinical
trials.[39] The primary outcome of interest for patients with HCC
undergoing hepatectomy, TACE, or sorafenib chemotherapy was
the one-year survival rate. The odds ratios (ORs) or the median
survival time was used as a measure of the therapeutic effect.
Confidence intervals (CIs) were always calculated at 95%.Only a
minority of included studies has clearly reported the hazard ratios
in patients with HCC who underwent hepatic resection vs TACE
or palliative treatment. Therefore, we calculated the ORs with the
standard error using the calculation sheets developed by Tierney
et al.[39] The survival rates at different time points were pooled by
a random-effects model or fixed-effects model, only if the studies
were considered to have substantial heterogeneity. Heterogeneity
between studies was assessed using the I2 statistic and the Chi-
square test. If P< .05, the studies were considered to have
significant statistical heterogeneity. We found that no random-
ized controlled trials (RCTs) were included in this review.
Analysis of both the advantages and disadvantages of hepatecto-
my and TACE or sorafenib chemotherapy for patients with HCC
and tumor thrombosis was dependent upon non-randomized
comparative trials (NRCTs). Although bias is more readily
produced in NRCTs than RCTs, we have carefully checked the
methods of the NRCTs and found that they were well designed
with relatively large sample sizes and solid evidence. Although the



Figure 1. Flow diagram of studies identified, included, and excluded.
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studies we found were limited, we still believed that this meta-
analysis could show a trend in treating patients with HCC and
PVTT. In this meta-analysis, a P value of <.05 was considered
statistically significant. Funnel plots were performed to evaluate
the publication bias. The meta-analysis was conducted using the
statistical package Review Manager version 5.3 (The Cochrane
Collaboration, Copenhagen, Denmark). The quality of the data
collected was assessed by the Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I) assessment tool.[42] The
datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

2.2. Tumor resection and PVTT removal

Studies were included in this meta-analysis only if the tumor
resection and PVTT technique performed in the studies met the
following resection criterion. Regular or limited lobectomy or
segmentectomy was performed in patients with adequate liver
function reserve. For PVTT removal, the thrombus was resected
together with the liver when the thrombus was confined within
the resected liver. If the PVTT protruded into the portal vein 1–2
cm beyond the resection line, the tumor thrombi were removed
through the opening of the involved portal vein stump at the
surface after the tumors were resected. If the PVTT extended into
the main trunk or the opposite branch and could not be taken out
Table 1

Characteristics of included studies.

Study Published year Design Hepatectomy

Zhi-Yong Huang 2005 Cohort study 438
Jie Shi 2010 Cohort study 406
Qi Zhou 2011 Cohort study 38
Zhen-Wei Peng 2012 Cohort study with propensity score 201
Jia-Zhou Ye 2014 Cohort study 90
Po-Hong Liu 2014 Cohort study with propensity score 108
Kang Wang 2015 Cohort study with propensity score 745
Jung Min Lee 2015 Cohort study 40
Hai-Hong Ye 2016 Cohort study 54
Ning-Gang Zheng 2016 Cohort study 96

3

completely from the opening of the portal vein stump at the
resection surface, then the main trunk of the portal vein was
clamped and a longitudinal incision was made at the anterior or
right wall of the portal trunk. The tumor thrombi were then
removed.
2.3. TACE

For studies that concentrated on TACE, conventional TACE
was performed in patients with HCC and PVTT. During the
treatment, a combination of 5-flurouracil and adriamycin
dispersed in lipiodol was injected, followed by embolization
using gelatin sponge particles. This treatment course was
repeated once every 1–2 months for 2–5 cycles.
3. Results

3.1. Characteristics of included studies

In total, 224 publications were identified using the above-
described search strategy. Of these 224 publications, 19 were
retrieved for detailed evaluation after scanning the title and
abstract. The full text of all of these publications was read and 10
of them met all of the inclusion criteria.[4,10,12–14,19–24] (Fig. 1)
The characteristics of the eligible studies are shown in Table 1.
Case

TACE Conservative treatment Treatment benefit

/ / Favors hepatectomy in peripheral PVTT patients
/ / Favors hepatectomy in peripheral PVTT patients
10 30 Favors hepatectomy
402 / Favors hepatectomy
86 75 Favors hepatectomy
108 / Favors hepatectomy
604 / Favors hepatectomy
80 52 Favors hepatectomy
274 57 Favors TACE
134 / Favors hepatectomy

http://www.md-journal.com


Table 2

Summary of findings from non-randomized studies including ROBINS-I risk of bias.

Bias

Study Design Confounding
Selection of
participants

Classification of
intervention

Deviation from
intended intervention

Missing
data

Measurement
of outcomes

Selection of
reported results Overall

Zhi-Yong Huang Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Jie Shi Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Qi Zhou Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Zhen-Wei Peng Cohort study with propensity score Low Moderate Low Low Low Low Low Low
Jia-Zhou Ye Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Po-Hong Liu Cohort study with propensity score Low Moderate Low Low Low Low Low Low
Kang Wang Cohort study with propensity score Low Moderate Low Low Low Low Low Low
Jung Min Lee Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Hai-Hong Ye Cohort study Moderate Moderate Low Moderate Low Low Low Moderate
Ning-Gang Zheng Cohort study Low Moderate Low Moderate Low Low Low Moderate

Zhang et al. Medicine (2019) 98:50 Medicine
No prospective studies were found during the search. All
studies were fromAsia: 1 was fromKorea, 1 was from Japan, and
9 were from China. Among these studies, 2 concentrated on
hepatectomy in patients with HCC with different types of PVTT.
The other 9 publications focused on the treatment effect of
hepatectomy vs TACE or conservative treatment for patients with
HCC and PVTT. The quality of the studies was assessed by the
Robins-1 tool (Table 2). Methods for handling missing data and
intention-to-treat analysis were not adequately described in most
of the studies. Four studies were analyzed with propensity scores.
3.2. Overall meta-analysis

The overall meta-analysis have showed no significantly higher
overall survival in the hepatic resection group than in the TACE
group (OR, 0.96; 95% CI, 0.44–2.11) (Fig. 2A). The
Figure 2. Forest plot and meta-analysis of overall survival. The squares are the poin
by horizontal bars. The diamonds are the summary estimates and 95% confidenc
transarterial chemoembolization. (B) Results of hepatectomy compared with con

4

heterogeneity was statistically significant (P< .05, I2=94%).
Funnel plots have demonstrated that nearly all studies lay within
the 95% confidence interval (CI).
We have as well compared the treatment effect of hepatectomy

and conservative treatment in patients with resectable HCC and
PVTT. It has been found that the overall survival was higher in
the hepatic resection group than in the conservative group (OR,
0.12; 95% CI, 0.06–0.24) (Fig. 2B). The heterogeneity was not
statistically significant (P= .16, I2=45%). Funnel plots have
revealed that nearly all studies lay within the 95% CI.
3.3. Subgroup analysis in patients with different types of
PVTT

Among patients with HCC, the subgroup meta-analysis has
proven significantly higher overall survival in those with
t estimates of the hazard ratios, and the 95% confidence intervals are indicated
e intervals from the pooled studies. (A) Results of hepatectomy compared with
servative treatment.



Figure 3. Forest plot and meta-analysis of overall survival for patients with hepatocellular carcinoma (HCC) with or without portal vein tumor thrombosis (PVTT) in
the hepatectomy group. (A) Forest plot and meta-analysis of overall survival of patients with HCC and main PVTT in the hepatectomy group compared with
transarterial chemoembolization (TACE) group. (B) Forest plot and meta-analysis of overall survival of patients with HCC and peripheral PVTT in the hepatectomy
group compared with TACE group. (C).
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peripheral PVTT than main PVTT (OR, 2.18; 95% CI, 1.76–
2.70). The heterogeneity was not statistically significant (P= .53,
I2=15%) (Fig. 3A). Funnel plots have demonstrated that nearly
all studies lay within the 95% CI.
Another subgroup analysis was carried out to further evaluate

the treatment effect between hepatectomy and TACE in patients
with HCC with or without main PVTT. The results have
demonstrated no significant difference in overall survival between
the hepatectomy group and TACE group among patients with
main PVTT (P= .50; OR, 1.47; 95% CI, 0.48–4.47) (Fig. 3B).
Funnel plots have displayed that nearly all studies lay within the
95% CI. Nevertheless, the difference in overall survival was
significantly different between the TACE group and hepatectomy
group among patients with peripheral PVTT (P< .0001; OR,
0.36; 95%CI, 0.28–0.46). The heterogeneity was not statistically
significant (P= .41, I2=0%) (Fig. 3C). Funnel plots have proven
that nearly all studies lay within the 95% CI.
4. Discussion

HCC has a high possibility of portal vein invasion, which has
been observed in 64.7% of patients at autopsy.[2] PVTT is a poor
prognostic factor. In 1 study, the median survival of patients with
untreated HCC and PVTT was 2.7 months, while the survival in
those without PVTT was 24.4 months.[8] The BCLC staging
5

system suggests that in theory, sorafenib chemotherapy should be
used as the only treatment for HCC.[8] As an oral small-molecule
tyrosine multi-kinase inhibitor of several intracellular proteins,
sorafenib could intervene in some factors regarding tumor
progression, including platelet-derived growth factor b, raf
serine/threonine kinases, and vascular endothelial growth factor
receptors.[12,25,26] Vascular endothelial growth factor receptors
play an important role in tumor recurrence and metastasis.
Therefore, sorafenib is suggested bymost guidelines for treatment
of patients with HCC and PVTT in Western countries. In the
Sorafenib Hepatocellular Carcinoma Assessment Randomized
Protocol (SHARP), sorafenib has provided prolonged median
survival in patients with advanced HCC (10.7 vs 7.9 months), on
which the BCLC recommendations were based.[5] However, the
effective treatment for patients with HCC and PVTT remains
debatable. In some Chinese medical centers, single use of
sorafenib did not provide a better survival benefit than palliative
treatment. For example, the 3 and 6 month survival rates were
50.9% and 29.5%, respectively, while the corresponding rates in
the palliative group were 55% and 0%, respectively (P> .05).[12]

This may be the reason as hepatitis B virus (HBV) infection and
cirrhosis are highly prevalent in Chinese patients with HCC,
unlike in patients with HCC in Western countries.[27]

The management of HCC with PVTT has become more
complicated and contentious with time due to advanced

http://www.md-journal.com
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improvements in technology. Increasingly, more studies are
suggesting that hepatectomy and tumor thrombectomy or TACE
might be a better choice for treatment of HCC with PVTT. For
example, Ye et al[12] reported that TACEmight be a better choice
for patients with HCC and PVTT because the 1 year overall
survival rate was 51%, in contrast to the 0% 1 year survival rate
in patients who underwent hepatectomy or conservative
treatment. On the other side, Wang et al[21] reported that the
1 year overall survival rate in patients with HCC and PVTT was
better after hepatectomy than after TACE or conservative
treatment. Theoretically, hepatectomy combined with thrombec-
tomy might be a safe and effective treatment for HCC because
compared with other treatments, the combined former treatment
provides the only hope for a cure in patients with HCC and
PVTT.[4] It may also provide the following benefits to patients
with HCC and PVTT: removal of the tumor thrombus and
lowering of the portal venous pressure, which prevent bleeding of
esophageal varices; reduction of the tumor burden; and increased
efficacy of postoperative treatments with prolonged survival.[28–
30] In the treatment algorithm of the Asian Pacific Association for
the Study of the Liver (APASL), if the main portal vein is secure
and the tumor is resectable, then resection is a treatment
option.[31] Furthermore, The Hong Kong Liver Cancer (HKLC)
classification also recommends hepatectomy as a treatment
option for patients with resectable HCC when both intrahepatic
and extrahepatic vascular invasion are present. If the size of HCC
is less than 5cm with intrahepatic vascular invasion, the liver
function is normal; it is categorized as Child-Pugh Class A,
resection is recommended.[32] In recent studies, the median
survival time ranged from 8.9 to 33 months after hepatectomy,
which seems superior to TACE.[33,34] In theory, sustained
hepatitis and cirrhosis are the 2 most common concomitant
complications in patients with HCC. Since these 2 factors can
jeopardize the liver function, especially in the presence of PVTT,
surgeons must carefully consider whether these patients are
suitable for hepatectomy.
Liver transplantation is never an option for patients with

advanced HCC and PVTT according to the AASLD guidelines or
Milan criteria because of decreased survival expectations.
Nonetheless, several studies have focused on down staging and
subsequent liver transplantation. In some reported cases, patients
achieved excellent survival outcomes after radio-embolization for
down staging of HCC with PVTT to meet the Milan criteria.
Although the global results of these studies are outstanding, more
well-designed studies are needed to evaluate the long-term
outcomes of such treatments compared with hepatectomy or
other methods.
In this systematic review, we have collected comparative data

regarding overall survival in patients with HCC and PVTT
undergoing hepatic resection, TACE, or sorafenib chemotherapy.
The overall meta-analysis has proved a statistically significant
survival benefit of hepatic resection over TACE or conservative
treatment, including sorafenib chemotherapy. This result is
coinciding with our assumption. In some recent reports and our
clinical experience, the type of thrombosis is relevant to the
survival benefit of patients with PVTT.[10,29,35]

We have also performed a further exploration to determine
whether the type of PVTT can serve as an index for choosing the
most effective treatment for patients with HCC and PVTT. We
found that in patients without main PVTT, surgical treatment
had a better effect than TACE and sorafenib chemotherapy.
Yet, for patients with main PVTT, there was no significant
6

survival benefit of hepatic resection over TACE. This implies
that hepatectomy might not be the best choice for patients with
HCC andmain PVTT. This is probably because when the PVTT
extends to the main trunk, the risk of portal vein hypertension
and its related diseases is higher than that in patients without
main portal vein invasion.[13,36] In other words, the beneficial
effects of complete tumor ablation by hepatic resection are
offset by its deteriorative effects on liver function. Moreover,
HCC cells spread and become distributed throughout the portal
vein system more easily in patients with main PVTT than those
without main PVTT because of the different surgical treatment
strategies used for these 2 conditions. In patients with HCC
without main PVTT, the possibility of removing the PVTTwith
the tumor en bloc is high. In contrary, for patients with HCC
withmain PVTT, the tumor thrombus is usually located beyond
the resection line, and suction or thrombectomy is the most
frequently used strategy. Numerous researchers have reported
that among patients with HCC, overall survival after surgery is
shorter in those with main PVTT than peripheral PVTT.[9,24,37]

Most researches have also reported the high possibility of
recurrence and liver function damage because suction or
thrombectomy do not readily achieve R0 resection, even with
intraoperative frozen sections. Therefore, hepatic resection
might be the better choice for patients with HCC with only
peripheral PVTT.
Several limitations of this meta-analysis must be acknowl-

edged. First, all of the included studies were retrospective studies.
No high-quantity prospective randomized clinical studies could
be found. Thus, the results of the meta-analysis might have been
influenced by selection bias. Additionally, the small number of
included studies among the subgroup analyses may have also
contributed to the great heterogeneity in this meta-analysis.
Second, all studies included in our meta-analysis were from Asia
(Japan, Korea, and China). No reports from Europe or America
were found. According to the BCLC staging system, sorafenib is
the only treatment that should be recommended to patients with
HCC and PVTT.[4] Therefore, hepatectomy or TACE may not be
suggested to patients from Europe or America. However, for
patients with HCC and PVTT in Asia, especially in China,
hepatectomy, or TACEmight be an accepted choice. This may be
attributed to the different etiologies and biological behaviors of
HCC between Eastern and Western patients. Third, therapy for
HCC should be an individualized comprehensive treatment based
on a surgical operation.[38] Many therapeutic treatments for
HCC are currently available. More than 1 treatment should be
suggested to obtain a multidisciplinary advantage. Nevertheless,
clinical research focusing on this topic is still lacking.
Several meta-analyses to date have focused on patients with

HCC who underwent hepatectomy or TACE. Zhang et al[40]

have reported the survival benefits of hepatic resection vs TACE
for HCC with PVTT. They have evaluated 11 studies and
suggested that the survival rates favored hepatectomy over TACE
in patients with HCC without main PVTT. Our study has
likewise obtained the same result in the present meta-analysis. In
contrast to their work, we additionally compared hepatectomy
with sorafenib treatment. Hyun et al[41] performed a meta-
analysis of 18 studies, including 1 randomized controlled trial
(RCT) and found that hepatectomy was associated with a better
survival rate in patients with BCLC stage C HCC. However, they
did not directly discuss patients with PVTT. Patients with HCC
and PVTT belong to BCLC stage C, which also includes patients
with extrahepatic metastasis. Yet, these findings suggest that
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hepatectomymight be ameaningful choice for patients withHCC
and PVTT.
5. Conclusion

This meta-analysis indicates that hepatectomy might be a better
option for patients with resectable HCC and PVTT than TACE
or conservative treatment, including sorafenib. On the other
hand, in patients with HCC and main PVTT, hepatectomy
showed no benefit over TACE or conservative treatment. Due to
the lack of high-quality randomized cohort studies, more well-
designed multicenter randomized clinical trials are needed to
prove our outcomes.
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