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Abstract

Portal vein tumor thrombus (PVTT) frequently occurs with
the progression of hepatocellular carcinoma (HCC) and is an
important factor in determining the prognosis of HCC. In
many cases of HCC with advanced PVTT, treatment is difficult
because the tumor has considerable extension into the liver,
and portal hypertension is a frequent complication. The
standard therapy for unresectable HCC with advanced PVTT
is sorafenib therapy in patients with good hepatic function.
However, the outcomes of sorafenib therapy are not com-
pletely satisfactory, making the development of another
therapy an urgent task. Therefore, this review aims to
summarize non-operative treatments for HCC with advanced
PVTT and discuss future perspectives based on those thera-
pies, including therapies still being developed.
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Introduction

Hepatocellular carcinoma (HCC) is the world’s fifth most
common cancer and typically has a background of chronic
hepatitis or cirrhosis.1 Portal vein tumor thrombus (PVTT)
is frequently seen in the clinical course of HCC, occurring in
44–62.2% of cases according to past reports.2,3 In cases
of HCC with PVTT, the tolerability of patients to therapy is
low because their tumors are generally aggressive, their
hepatic function is poor, and there is a high rate of compli-
cations from portal hypertension. The prognosis of HCC with
advanced PVTT is extremely poor, resulting in a median sur-
vival time of 2–4 months without treatment.4–6 It was

recently reported that PVTT extension in hepatitis B virus-
related HCC involves genetic abnormalities of KDM6A,
CUL9, FDG6, AKAP3, RNF139, etc.7

Recently, a report was published stating that Vp1–3
(Japanese VP Staging Classification System)8,9 patients who
underwent successful R0 or R1 resection had moderate out-
comes, indicating the usefulness of surgical resection.10

However, non-operative treatment is the only available
means in many cases in actual clinical practice because sur-
gical resection is difficult in bilobar and multifocal cases and in
patients with poor hepatic function.

Non-operative treatments include transarterial chemoem-
bolization (TACE), transarterial radioembolization (TARE),
hepatic arterial infusion chemotherapy (HAIC), sorafenib
therapy, and radiotherapy (RT). Combinations of these treat-
ments have also been attempted to improve outcomes.
However, treatment outcomes for unresectable HCC with
PVTT are not satisfactory. Particularly, management for
advanced PVTT such as Vp3 (extension to the first-order
branch)/Vp4 (extension to main trunk/contralateral branch)
HCC with poor prognosis has room for discussion. Therefore,
this review aims to discuss non-operative treatment for
Vp3/Vp4 HCC, i.e. HCC with advanced PVTT, based on
recent data.

PVTT classifications

Severity of PVTT is closely correlated with prognosis of HCC
with PVTT.10 The Japanese VP Staging Classification System
and the Eastern Hepatobiliary Classification (also known as
Cheng’s Classification)11,12 can stratify HCC with PVTT.

In the Japanese VP Staging System, Vp4, Vp3, Vp2 and
Vp1 are categorized as an extension to the main trunk/
contralateral branch, first-order branch, second-order branch
and third-order branch, respectively (Fig. 1). The median sur-
vival times (MSTs) after diagnosis of PVTTstratified by severity
has been reported as 2.67 years (95% CI 2.48–3.01) for Vp1,
1.51 years (95% CI 1.36–1.65) for Vp2, 0.78 years (95%
CI 0.70–0.83) for Vp3, and 0.50 years (95% CI 0.45–0.56)
for Vp4,10 indicating a very poor prognosis for patients with
Vp3 and Vp4. Vp3 and Vp4 are equivalent to types II/III
(extension to the main trunk) and IV (extension to superior
mesenteric vein) by Cheng’s Classification, respectively
(Fig. 1).

TACE

TACE was developed by Yamada et al.13 in 1977 and has since
been widely used to treat unresectable HCC. TACE is based on
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the following theories: The embolization of the hepatic artery
leads to necrosis of the classical HCC fed by only the hepatic
artery, on the other hand, the surrounding liver parenchyma
would not result in infarction because it is fed predominantly
by both the artery and the portal vein.13

A simultaneous combination of embolization with an anti-
cancer agent is thought to enhance tumor necrosis through
long-term retention of a high concentration of the agent in the
tumor.

TACE for HCC with PVTT is likely contraindicated because
of the theoretical concern for hepatic insufficiency caused by
hepatic ischemia. However, recent studies have reported
that TACE can be safely performed if the patient has good
liver function and sufficiently developed collateral circulation
around the occluded portal vein. Perioperative mortality of
TACE and the incidence of TACE syndrome (post-embolization
syndrome) have been reported to be below 1.2% and
28.9–94%, respectively (Table 1).14,15

Niu et al.16 (Table 1) reported the usefulness of TACE for
HCC with PVTT based on their prospective study. The MSTs
of type II (Vp3) patients in the TACE and conservative arms
was 11.0 and 1.43 months, respectively, and the MSTs of
type III/IV (Vp4) patients in those arms was 7.1/4.0 and
1.3/1.0 months, respectively, (p < 0.01) in the sub-analysis.
Luo et al.17 (Table 1) reported that the TACE arm had a
significantly longer survival time than the conservative treat-
ment arm in their prospective study, and adverse events in the
study could be managed sufficiently. They reported that in
their sub-analysis, the MST of even the patients with major
PVTT in the TACE arm was 5.4 months, significantly longer
than the 3.4 months of the conservative arm (p = 0.002).
Chung et al.14 reported the safety and usefulness of TACE for
Vp4 HCC. The TACE group had a significantly longer survival

Fig. 1. Classification of hepatocellular carcinoma with portal vein tumor
thrombus. Vp and Roman numerals express Japan’s VP classification and Cheng’s
classification, respectively. Vp4, Vp3, Vp2 and Vp1 are categorized as an extension
to the main trunk/contralateral branch, first-order branch, second-order branch,
and third-order branch, respectively. Abbreviations: Ant, anterior branch; LHV,
left portal vein; RPV, right portal vein; Seg, segmental branch; SMV, superior
mesenteric vein; SpV, splenic vein.

Table 1. Transarterial embolization for hepatocellular carcinoma with advanced portal vein tumor thrombus

AuthorRef Treatment Degree of PVTT; n
Median survival time;
months Adverse event; n/total or %

Chung14 c-TACE Main; 83 Main; 5.6 Morbidity; 28.9%
Gastro-intestinal bleeding due to portal
hypertension; 4.8%
Bacteremia (SBP); 6% (1.2%)
Renal failure; 1.2%

Niu16 c-TACE Type II; 52
Type III; 42
Type IV; 9

Type II; 11.0
Type III; 7.1
Type IV; 4.0

Unclear in detail

Luo17 c-TACE Major; 44 (all; 84) Major; 5.4 Post-embolization syndrome (79/84)
Temporary liver decompensation (29/84)
One-month mortality 1.2%

Kalva20 DEB-TACE Advanced-stage; 80
(with PVTT only
12.5%)

Gr3 AST/ALT elevation 15%
Favorable tolerant and safe

Sangro21 TARE Main; 32 (9.8%)
Branch; 44 (13.5%)

Main; 9.7
Branch; 10.7

All-cause mortality at 30 and 90 days;
0.6% and 6.8%
Gr3 gastrointestinal ulceration; 1.5%
Gr3 or above Bil increase at month 3;
5.8%

Memon22 TARE Main; 29
lobar; 34
(Child-Pugh A)

Main; 9.0
Lobar; 15.7

Unclear in detail

Mazzaferro23 TARE Second-first
branch; 29
Trunk-SMV; 6

Second-first branch; 17
Trunk-SMV; 9

No significant difference in toxicity (PVTT
vs non-PVTT)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Bil, bilirubin; c-TACE, conventional transarterial chemoembolization; DEB, drug eluting
beads; Gr, grade; PVTT, portal vein tumor thrombus; SBP, spontaneous bacterial peritonitis; SMV, superior mesenteric vein; TARE, transarterial radioembolization.
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time than the supportive care group (MST: 5.6 months vs.
2.2 months, p < 0.001). In particular, the cases classified as
Child-Pugh A had an MST of 7.4 and 2.6 months in the TACE
and supportive care groups, respectively, significantly longer
in the TACE group (p < 0.001). There was no treatment-
related death within 4 weeks after TACE, and the incidence
of adverse events was 28.9%. Although no significant differ-
ence was detected in the incidence of adverse events
between the TACE and supportive care groups, complica-
tions such as gastrointestinal hemorrhage with secondary
portal hypertension developed more frequently in the TACE
group.14

From these results, it is likely that for Child-Pugh A cases
and cases with well-developed collateral circulation around
the occluded portal vein, TACE is an acceptable treatment
for HCC with PVTT. However, the outcomes of TACE for Vp4
HCC are not fully satisfactory; therefore, it is important to
compare those with the outcomes of other therapies.

Regarding embolic agents, those with a small particle
diameter have been reported to have a higher antitumor
effect and to cause less adverse events.18,19 Therefore, TACE
using drug-eluting beads (DEB) is expected to be more effec-
tive than conventional TACE, in which embolization employs
a gelatin sponge after arterial infusion of an emulsion of
lipiodol and an anticancer agent. Although Kalva et al.20

(Table 1) reported the safety and usefulness of DEB-TACE
for HCC with PVTT, there have been few definite reports on
DEB-TACE for HCC with PVTT. This should be investigated in
the future.

TARE

TARE is a treatment in which radioactive microspheres
are injected into the tumor through its feeder artery,
aiming for an embolic effect and radiotherapy. Contrary to
TACE, complete embolization is not the technical endpoint of
this treatment. For this reason, TARE has a weaker embolic
effect and therefore can be more easily utilized for HCC with
PVTT from the standpoint of hepatic function. A few reports
have indicated the usefulness of yttrium-90 microspheres
radiating beta rays for HCC with PVTT. Sangro et al.21

(Table 1) reported that TARE is a well-tolerated treatment,
based on the severity and incidence of adverse events seen
in TARE for main PVTT and branch PVTT (MSTs of 9.7 and
10.7 months, respectively). However, grade 3 or higher bilir-
ubin levels were seen in 5.8% of patients within 3 months
after the therapy, which could be due to hepatic dysfunction
but were also likely due to the tumor progression or the
exacerbation of the background liver disease such as cirrho-
sis. Memon et al.22 (Table 1) reported that the MST of the
patients with Child-Pugh A disease and lobar PVTT/main
PVTT who underwent TARE was 15.7/9 months. Mazzaferro
et al.23 (Table 1) reported that in their phase II trial, the MSTof
patients with Child-Pugh A disease and first-branch/second-
branch PVTT was 17 months, and the MST of patients with
portal trunk-superior mesenteric vein PVTT was 9 months,
showing relatively good outcomes.

Regarding adverse events, TARE is generally well toler-
ated. The most frequent adverse event is post-embolization
syndrome (malaise, fever, nausea, abdominal pain, etc),
which is seen in approximately 20–55% of patients, but can
usually be managed with conservative therapy. Other adverse
events that have been reported include hepatic disorder,
pneumonitis, cholecystitis, bile duct stenosis, hepatic

abscess, and gastrointestinal ulceration as a result of radia-
tion, but their incidence is low.24–26

HAIC

Theoretically, HAIC should be more effective than systemic
chemotherapy and reduce adverse events because it allows
for injection of a high concentration of an anticancer agent
directly through the feeder artery. HAIC includes hepatic
arterial infusion chemotherapy by means of a port-catheter
system, in which an anticancer agent is repeatedly injected
after implantation of the port-catheter system and a one-shot
intra-arterial infusion of chemotherapy through a catheter
inserted by the Seldinger technique. Regimens using cisplatin
(CDDP) and 5-fluorouracil (5-FU) as key drugs, as well as
regimens using 5-FU and interferon (IFN) as key drugs, have
been used in many of the reported cases for which hepatic
arterial infusion chemotherapy using a port-catheter system
was employed. Using low-dose 5-FU plus CDDP (LFP) for Vp3/
Vp4 HCC, Ando et al.27 (Table 2) reported a response rate of
48% and an MSTof 10.2 months. The most common adverse
events were nausea and loss of appetite, and these were con-
trollable with medical treatment. In 13% of the cases, treat-
ment was discontinued because of deterioration of hepatic
function, but the authors did not mention whether this dete-
rioration was due to the tumor progression, the exacerbation
of the background liver disease or technique/treatment. They
did report that malfunction of the port-catheter system and/
or its implantation accounted for more than 20% of the com-
plications. Obi et al.28 (Table 2) reported that the outcomes
of IFN and 5-FU combination therapy for Vp3/Vp4 HCC were
a response rate of 52.6%, an MSTof 6.9 months, and a 1-year
survival rate of 34%. The majority of adverse events were
negligible, while depression caused by IFN was the only
adverse event of grade 3 or higher, which occurred in
a patient for whom the treatment was discontinued. No
catheter-related complications were found.

With regard to the one-shot intra-arterial infusion, we
found some reports regarding intra-arterial CDDP infusion.
Ikeda et al.29 (Table 2) reported that the outcomes of their
phase II prospective trial of intra-arterial CDDP infusion for
Vp3/Vp4 HCC were a response rate of 28% and an MSTof 7.1
months. Regarding adverse events of grade 3 or higher,
decreased blood cells and transient increases in transami-
nases were seen but required no special treatment. As
stated above, HAIC for Vp3/Vp4 HCC is expected to be effec-
tive. However, there is insufficient evidence, as the number of
cases in the reports is small.

In recent years, prospective trials have been conducted
to verify the efficacy of HAIC as an add-on therapy for
sorafenib therapy, the standard therapy for Barcelona clinic
liver cancer stage C. In the phase III trial for verification of
the efficacy of LFP as this add-on therapy, LFP was shown to
be useful for patients with advanced PVTT, although the
primary endpoint could not be satisfied.30 Meanwhile, a
phase II trial showed the usefulness of one-shot intra-
arterial CDDP infusion as an add-on therapy for sorafenib
therapy, although no significant difference for patients with
PVTT was detected in the sub-analysis.31 A future prospec-
tive phase III trial to verify the usefulness of HAIC for Vp3/
Vp4 HCC is recommended.
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RT

Since the liver is a very radiosensitive organ, administration of
considerable doses of radiation to the liver leads to radiation-
induced liver disease. Patients with HCC are complicated
by a background of chronic liver disease. The presence of
background cirrhosis leads to lowering of the tolerable radi-
ation dose of the liver tissue.32,33 Therefore, it is difficult in
principle to indicate radiotherapy for patients with poor
hepatic function.

In recent years, the number of patients with HCC for whom
radiation is indicated has increased. This is because intensive
irradiation from multiple directions has enabled a decrease
of the dose to normal tissues through the development of
three-dimensional radiotherapy regimens, as well as advan-
ces in image-guided radiation technology to deal with respi-
ratory fluctuation, allowing enhancement of the antitumor
effect and decreasing adverse events.33

Nakazawa et al.34 (Table 3) retrospectively examined the
outcomes of sorafenib therapy and RT for Vp4 HCC and

reported that their analysis with propensity score matching
detected a significantly longer survival time in the RT group
compared to the sorafenib group. Decreased white blood cell
count in one patient was the only adverse event of grade 3 or
higher. Yu et al.35 (Table 3) reported that the outcomes of RT
for Vp3/Vp4 HCC were complete regression in 3.6%, partial
regression in 50.2%, stable disease in 25.6%, and an MST of
10.6 months, indicating the usefulness of RT.

In recent years, we also identified occasional reports
involving proton beam therapy for HCC. Proton beams can
form an energy peak (Bragg peak) deep inside the body,
enabling strong irradiation of the target in the deep site while
decreasing irradiation of non-tumor sites. Sugahara et al.36

(Table 3) reported that proton beam therapy for HCC with
PVTT resulted in a 2-year local control rate of 91% and a
2-year survival rate of 48%, showing good outcomes. Regard-
ing adverse events, decreased blood cells were the only acute
adverse event of grade 3 or higher, occurring in several
patients, and no late adverse events of grade 3 or higher
were seen.

Table 2. Hepatic arterial infusion chemotherapy for hepatocellular carcinoma with advanced portal vein tumor thrombus

AuthorRef Treatment
Degree of
PVTT; n/total

MST, TTP in
months ORR, DCR; % Adverse event; % or n

Ando27 LFP Vp2/3; 14/34 10.2 ORR; 48
DCR; 77

Any grade
nausea, appetite loss; 34%
Peptic ulcer; 13%
Deterioration of hepatic function; 13%
Catheter obstruction; 10%

Obi28 5-FU with IFN s.c Vp3; 88
Vp4; 28

6.9 ORR; 52.6
DCR; 54.3

Gr3
Stomatitis; 1
Depression; 1

Ikeda29 cisplatin Vp3; 6
Vp4; 19

7.1 ORR; 28
DCR; 72

Gr3
Leukocytopenia; 5
Thrombocytopenia; 4
AST elevation; 10
ALT elevation; 5

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; DCR, disease control rate; Gr, grade; HAIC, hepatic arterial infusion chemotherapy;
IFN, interferon; LFP, low dose 5-fluorouracil (5-FU) plus cisplatin; ORR, objective response rate; PVTT, portal vein tumor thrombus; s.c, subcutaneous.

Table 3. Radiotherapy for hepatocellular carcinoma with advanced portal vein tumor thrombus

AuthorRef Treatment Degree of PVTT; n
Median survival
time in months Adverse event; n

Nakazawa34 Three-dimensional
conformal RT

Vp3; 19
Vp4; 9

10.9 Gr3 or above
Leukocytopenia; 1

Yu35 Three-dimensional
conformal RT

Hemiliver; 150
Bilateral
hemiliver; 4
Main; 114
SMV; 13

11.6 Gr3 or above
Nausea; 1
AST elevation; 40
ALT elevation; 15
ALP elevation; 3
Clinical liver dysfunction; 15/260

Sugahara36 Proton-beam Branch; 15
Trunk; 20

22 Gr3 or above
Leukocytopenia; 1
Thrombocytopenia; 1

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Gr, grade; PVTT, portal vein tumor thrombus; SMV, superior
mesenteric vein.
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Sorafenib

Sorafenib is an oral multikinase inhibitor37 and its usefulness
for advanced HCC has been demonstrated by two global
phase III trials.38,39 Moreover, in the results of the sub-
analysis, the MSTof patients with macroscopic vascular inva-
sion was 4.9 and 8.1 months in the placebo and sorafenib

arms (hazard ratio: 0.68 [0.49–0.93]), respectively, showing
that sorafenib prolonged survival time significantly (Table 4).40

Therefore, sorafenib therapy is positioned as the standard
therapy for HCC patients with PVTT who have Child-Pugh
liver function class A.40

However, Jeong et al.41 (Table 4) reported that sorafenib
therapy for Vp3/Vp4 HCC had a response rate of 10%,

Table 4. Sorafenib for hepatocellular carcinoma with advanced portal vein tumor thrombus

AuthorRef Treatment Degree of PVTT; n MST, TTP in months ORR, DCR; % Adverse event; % or n

Bruix40 Sorafenib MVI; 108
(details; unclear)

MST; 8.1 DCR; 38.9

Jeong41 Sorafenib Vp3; 6
Vp4; 24

TTP; 2.1
MST; 3.1

ORR; 10
DCR; 40

Gr3 or above
Fatigue; 10%
HFSR; 3.3%
Liver dysfunction; 3.3%

Song42 Sorafenib Vp2; 5
Vp3; 16
Vp4; 39

TTP; 2.1
MST; 5.5

ORR; 13.3
DCR; 45.0

Gr3 or above
HFSR; 7
Rash; 3
Diarrhea; 13
Fatigue; 8

Abbreviations: DCR, disease control rate; Gr, grade; HFSR, hand-foot-skin reaction; MST, median survival time; MVI, macroscopic vascular invasion; ORR, objective
response rate; PVTT, portal vein tumor thrombus; TTP, time to progression.

Table 5. Combination therapy for hepatocellular carcinoma with advanced portal vein tumor thrombus

AuthorRef Treatment
Degree of PVTT;
n (%)

Median
survival time
in months

Evaluation;
% or n Adverse event; %

Chung43 c-TACE+RT Main; 151 12 ORR; 25.2% 30-day mortality; 0.7%

Yoon44 c-TACE+RT Main or bilateral
PVTT; 200
(48.5%)

10.6 CR; 3.6%
ORR; 27.9%

Gr3–4 hepatic toxicity; 10%
Gr2–3 gastroduodenal toxicity;
3.6%

Pan45 c-TACE+sorafenib Vp2; 8
Vp3; 23
Vp4; 10

13 CR; 1
PR; 3
SD; 34

Gr3 or above
HFSR; 7.3%
Myelosuppression; 2.4%
Hypertension; 2.4%

Zhu46 c-TACE+sorafenib Main; 10
First branch; 19
Second or lower
branch; 17

11.0 PR; 13
SD; 13

Gr3 or above
HFSR; 11%
Diarrhea; 11%
Hypertension; 4%
Gastrointestinal hemorrhage; 9%

Chen47 RT+sorafenib Unknown in
detail; 24
(40%)

2-year
survival;
32%

ORR; 55% Gr3 or above
hepatic toxicity; 15%

Ikeda31 Sorafenib+HAIC
(cisplatin)

Vp1; 4
Vp2; 9
Vp3; 14
Vp4; 13

9.1 *Myelosuppression, hyponatremia,
nausea and hiccups were more
frequent than in the sorafenib alone
treatment

Fujino48 3D-CRT+HAIC
(low-dose 5FU and
cisplatin, 5FU with
IFN s.c.)

Vp3; 18
Vp4; 23

12.1 CR; 5%
PR; 24%
SD; 39%

G3 or above
Leukopenia; 12.2%
Thrombocytopenia; 14.3%
AST or ALT elevation; 12.2%
Bil elevation; 14.3%

Abbreviations: 5-FU, 5-fuluorouracil; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Bil, bilirubin; CR, complete response; c-TACE, conventional
transarterial chemoembolization; Gr, grade; HAIC, hepatic arterial infusion chemotherapy; HFSR, hand-foot-skin reaction; IFN, interferon; ORR, objective response rate;
PR, partial response; PVTT, portal vein tumor thrombus; s.c., subcutaneous; SD, stable disease; RT, radiotherapy.
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a disease control rate of 40%, a median time to progression
of 2.1 months, and an MST of 3.1 months, which are not
satisfactory outcomes. In addition, Song et al.42 (Table 4)
reported that the outcomes of sorafenib therapy for Vp2–4
HCC were a response rate of 13.3%, a disease control rate
of 44%, a median time to progression of 2.1 months, and
an MST of 5.5 months. Sorafenib is the sole non-operative
standard treatment for HCC with macroscopic vascular inva-
sion; however, its effect on Vp3/Vp4 HCC may be limited.
Although there have been reports on the effect of sorafenib
on HCC with PVTT, the studies did not feature sufficient
numbers of patients; thus, more data must be accumulated.

Combination treatment

As mentioned above, various attempts have been made to
treat HCC with PVTT, but the outcomes of monotherapies are
not satisfactory. For that reason, combinations of various
therapies have been attempted with the aim of outcome
improvement.

Combinations of TACE and RT,43,44 TACE and sorafenib,45,46

sorafenib and RT,47 sorafenib and HAIC,31 HAIC and RT
(Table 5),48 and others have been reported. As Table 5
shows, moderately good results have been obtained, but
the data remain insufficient. Further investigation with pro-
spective trials is necessary.

Future prospects

With regard to non-operative treatments for HCC with
advanced PVTT, not only improvement of monotherapies but
also various measures including combinations of different
therapies have been attempted. However, a satisfactory
outcome has not been reached. Although occasionally some
studies obtain promising results, they have insufficient data
and require verification with a prospective trial.

Control of PVTT is likely to influence the prognosis of HCC
with advanced PVTT. Because the standard therapy, sorafe-
nib, produces a low response rate when administered as
systemic chemotherapy, it appears preferable to combine it
with local therapy (TACE, HAIC, RT, etc) with the expectation
that local control will improve.

Regorafenib has recently been demonstrated to be effec-
tive for sorafenib-resistant HCC.49 Going forward, systemic
chemotherapy with regorafenib is anticipated to be effective
for HCC with advanced PVTT. In addition, systemic chemo-
therapy will likely require the development of agents with a
high response rate against HCC with PVTT. We are awaiting
the results of an ongoing phase III clinical trial of lenvatinib
(NCT01761266 [E7080]), as well as from trials of immune
checkpoint inhibitors (nivolumab [NCT02576509], pembroli-
zumab [NCT02702401; KEYNOTE-240], etc) that have com-
pletely different mechanisms than conventional anticancer
agents.
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