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Abstract: Portal vein involvement is considered one of the most fearful complications of 
hepatocellular carcinoma (HCC). Portal vein tumor thrombosis (PVTT) is associated with 
aggressive tumor biology (high grade), high tumor burden (number and size of lesions), high 
levels of serum markers (AFP), poor liver function (deranged LFT), and poor performance 
status of patients. The Barcelona Clinic Liver Cancer staging system places HCC patients 
with PVTT in advanced stage (BCLC Stage-C). This group contains a fairly heterogeneous 
patient population, previously considered candidates for palliative systemic therapy with 
sorafenib. However, this provided modest overall survival (OS) benefit. The results of 
a recent Phase III (IMbrave150) trial favor the combination of atezolizumab and bevacizu-
mab over sorafenib as a standard of care in advanced unresectable HCC. While only 
lenvatinib proved to be non-inferior against sorafenib in a phase III (REFLECT trial), 
regorafenib (RESORCE trial), ramucirumab (REACH-2), and cabozantinib (CELESTIAL) 
have been approved second-line therapy in phase III clinical trials. Recently, the data on the 
prospect of other modalities in the management of HCC with PVTT is mounting with 
favorable results. Targeting multiple pathways in the HCC cascade using a combination of 
drugs and other modalities such as RT, TACE, TARE, and HAIC appear effective for 
systemic and loco-regional control. The quest for the ideal combination therapy and the 
sequence set is still widely unanswered and prospective trials are lacking. With the armament 
of available therapeutic options and the advances and refinements in the delivery system, 
down-staging patients to make them eligible for curative resection has been reported. In 
a rapidly evolving treatment landscape, performing surgery when appropriate, in the form of 
LR and even LT to achieve cure does not seem farfetched. Likewise, adjuvant therapy and 
prompt management of the recurrences holds the key to prolong OS and DFS. This review 
discusses the management options of HCC patients with PVTT. 
Keywords: hepatocellular carcinoma, portal vein tumor thrombosis, systemic therapy, 
transarterial chemoembolization, hepatic artery infusion chemotherapy, radiotherapy, 
multimodality treatment, liver resection, liver transplantation

Introduction
Primary liver cancer is the sixth most commonly diagnosed cancer and the third 
leading cause of cancer-related deaths worldwide, with approximately 906,000 new 
cases and 830,000 deaths annually. Hepatocellular carcinoma (HCC), the most 
common type of primary liver cancer, accounts for 75–85% of these cases.1

HCC arising in the setting of liver cirrhosis can have a spectrum of presenta-
tions. The portal vein (PV) involvement is considered one of the fearful complica-
tions of HCC. It is involved in 16–30% of the patients with HCC and has a direct 
impact on liver function.2–6 Advances in the imaging techniques have made early 
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diagnosis and precise characterization of the liver lesions 
possible.7,8 However, a large number of patients present 
late in the course of the disease.9 The present recommen-
dations from the European Association for the Study of the 
Liver (EASL) and previous guidelines from the American 
Association for the Study of Liver Diseases (AASLD) 
endorse the Barcelona Clinic Liver Cancer (BCLC) sta-
ging system for the management and prognostic prediction 
of HCC.10–12 Any HCC patient with portal vein tumor 
thrombus (PVTT) is classified as advanced stage (BCLC 
stage C) and a candidate for palliative systemic therapy 
only.10–12

Sorafenib was approved as the systemic therapy for 
unresectable HCC patients on the basis of the SHARP 
study and Asia Pacific study, both being multicenter, 
Phase III, double-blind, placebo-controlled trials. They 
reported an OS benefit of around 3 months in these 
patients, showing modest benefits.13–15

HCC patients are a heterogeneous population with 
diverse disease behavior and need a personalized manage-
ment plan.16–18 In this multidisciplinary management era, 
utilizing different modalities delivered either concomi-
tantly or in a set sequence in the HCC patients with 
PVTT, abundant work is still unconcluded.19,20 This 
review discusses the present status and future perspective 
of the management of the HCC patients with PVTT.

Guidelines on the Management 
HCC with PVTT
The BCLC staging classification consists of four stages 
and is based on the extent of the primary tumor, vascular 
invasion and extrahepatic spread, presence of symptoms, 
performance status (PS) score (the Eastern Cooperative 
Oncology Group scale), and Okuda stage. The patients 
are staged as follows: Stage 0 (very early HCC); stage 
A (early HCC, subdivided into A1–A4); stage 
B (Intermediate HCC); stage C (advanced HCC); and 
stage D (end stage HCC). The reported 5-year survival 
rate for BCLC 0-A is 50–70%; the 2-year survival rate for 
BCLC B is 63%; and the 1-year survival rate for BCLC B, 
C, and D is 82%, 44%, and 11%, respectively.21–23

Recently this system has been under heaps of criticism 
for it does not take a patient centered approach and also 
associates each stage to a favored treatment option.24 Due 
to a high case burden in some countries, a more aggres-
sive management approach for advanced HCC cases is 
being adopted based on the clinical experiences and 

opinions of the expert panels. Researchers in the East, 
West, and Asia differ with some of the treatment strategies 
proposed by the BCLC Staging and therefore have 
devised several staging systems or scores to provide clin-
ical classification of HCC. The French classification, the 
Cancer of the Liver Italian Program (CLIP), the Chinese 
University Prognostic Index (CUPI), the Hong Kong 
Liver Cancer (HKLC) staging system, and the Japanese 
Integrated Staging (JIS) are some of the comprehensive 
staging systems that have been developed and 
validated.25–29

So far, there is a lack of consensus on the management 
of HCC with different grades of PVTT, thus there are 
numerous guidelines based on various opinions and clas-
sification systems (summarized in Figure 1).10,11,30–34

Risk Factors for PVTT Formation
A number of factors have been reported to contribute to 
the formation of PVTT. A recent study divided patients 
into two major clusters based on the genomic profiling, 
landscape of mutations, and critical pathways involved in 
the development and progression of HCC: Proliferative 
and Non-proliferative.35 1) The proliferative class had 
high rates of chromosomal instability, micro-RNA dereg-
ulations, and enrichment in aberrant epigenetic signatures. 
These patients had aggressive tumor biology, high AFP 
levels, more frequent vascular invasion, and high grade 
and poor cell differentiation on histology. All of these 
features can be correlated with poor survival and high 
rates of recurrence after surgery. HBV-related HCC tumors 
often belong to this class.36 2) In the non-proliferative 
class, the transcriptome of the tumor looked a lot like 
a normal liver. These patients had less aggressive tumor 
biology, lower AFP, and better cell differentiation. HCV 
and alcohol-related HCC patients were more common in 
this class.

The analysis of dysregulated genes between HCC and 
PVTT has suggested that the extracellular matrix receptor 
interaction is correlated with the venous metastases of 
HCC.37 Other factors such as the vascular endothelial 
cells, immune cells in the tumor microenvironment, geno-
mic irregularities, sequential alterations of mRNA expres-
sion, DNA methylation of differentially expressed genes, 
cancer stem cells, dysregulation of extracellular matrix 
organization, and focal adhesion have all been proposed 
to contribute to the development of PVTT.38–41

HBV infection and active replication has also been 
implicated in the vascular invasion in HCC patients.42 
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Figure 1 Management of advanced hepatocellular carcinoma according to different guidelines.
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The effect of the seropositivity of HBeAg (OR=1.67, 
P=0.046), tumor diameter >3 cm (OR=8.86, P<0.001), 
incomplete or absent encapsulation (OR=3.59, P=0.003) 
and DCP >100 mAU/mL (OR=2.90, P=0.022) have been 
linked with the presence of PVTT, while anti-viral treat-
ment (P=0.015) has been suggested to significantly lower 
the risk of developing PVTT as well as early tumor recur-
rence after partial hepatectomy.42–44

Direct invasion of the portal vein by the HCC has also 
been proposed.45 Involvement of the portal vasculature 
leads to the development of portal hypertension and its 
complications such as formation of the venous collaterals 
and gastro-esophageal varices.46 There is a positive asso-
ciation between the presence of the PVTT and hemorrha-
gic events in HCC patients.47

A study reported that the estimated time for a tumor 
thrombus (TT) that is present in the 2nd portal branch to 
grow into the ipsilateral 1st portal branch and from the 1st 
portal branch to the main portal vein trunk was 8.2 and 
11.5 days (median estimated time), respectively.48 The 
extent of the PVTT itself is an independent risk factor 
for rapid progression of TT. The presence and extension 
of vascular invasion along with the performance status and 
ascites have a significant impact on patient survival and 
the choice of therapeutics.49

With the presence of aforementioned factors and most 
treatments being contraindicated in this setting, these 
patients perform poor with lower median OS of 2–4 
months after best supportive care (BSC).50

Portal Vein Tumor Thrombus 
Classifications
A number of classifications have been proposed. One of 
the simplified classifications proposed by Xu51 divides 
patients with HCC and PVTT in two groups: Group 
A with tumor thrombus (TT) involving the main PV 
trunk or both the right and the left portal veins; Group 
B with TT involving either the right or the left portal vein 
branch. The 1-year overall survival (OS) rate of group 
A after LR was 31.5%. While the reported 1-, 3-, and 
5-year OS rate of group B was 62.3%, 16.1%, and 5.2%, 
respectively.

The Liver Cancer Study Group of Japan classify PVTT 
into five grades on the degree of tumor involvement. VP0: 
No tumor thrombus in the portal vein; VP1 includes the 
presence of a TT distal to the second-order branches of the 
portal vein (but no direct involvement); VP2 is invasion of 

the second order branches of the portal vein; VP3 is the 
presence of the TT in the first-order branch; VP4 includes 
TT in the main trunk of the portal vein or a portal vein 
branch contralateral to the primarily involved lobe (or 
both). The 1-, 3- and 5- year survival rates for PVTT 
types after resection were as follows: VP0: 91.6%, 
74.2%, and 57.6%; VP1: 78.6%, 52.6%, and 38.7%, 
VP2: 59.2%, 31.8%, and 23.8%; VP3 or VP4: 50.4%, 
25.8%, and 18.4%, respectively (Figure 2).52,53

The classification proposed by Shi et al55 (Cheng’s clas-
sification) divided the patients into five types depending 
upon the extent of tumor thrombus in the PV: Type IѲ 
indicating microscopic portal invasion, Type I: TT involving 
the segmental branches of portal vein, Type II: TT involving 
the right/left portal vein, Type III: TT involving the main 
portal vein, and Type IV: TT involving the superior mesen-
teric vein. The 1-, 2- and 3-year OS rates for PVTT types 
were: Type I: 54.8%, 33.9%, and 26.7%; Type II: 36.4%, 
24.9%, and 16.9%; Type III: 25.9%, 12.9%, and 3.7%; and 
Type IV: 11.1%, 0%, and 0%, respectively (Figure 2).54,55

Diagnostic Approach
The contrast enhanced compute tomography (CECT) and 
magnetic resonance imaging (MRI) are frequently used to 
detect and distinguish benign from malignant portal vein 
thrombosis with the sensitivity of 86% and 100% and 
specificity of 100% and 90%, respectively.56,57 Recently, 
a CT texture analysis software using features such as 
thrombus density, attenuation of pixels and entropy on 
CT images has shown that it can be used to characterize 
portal vein thrombosis and differentiate benign from neo-
plastic PVTT.58

Another excellent imaging method to perceive meta-
bolic defects in the thrombus and differentiate malignant 
from benign lesion is 18F-Fluorodeoxyglucose positron 
emission tomography CT (18F-FDG PET CT). For 
a lesion to be malignant, Hu59 used the criteria of visual 
analysis and maximum standardized uptake value of 
(SUVmax) >3.35.

Prognostic Scoring Systems Based 
on the Classification of PVTT
Few prognostic scoring systems (PSS) based on the clas-
sification of PVTT to predict response to given therapy 
have been proposed.

To predict response to Yttrium-90 (Y90) 
Radioembolization (RE) among advanced HCC patients 
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Figure 2 Portal Vein Tumor Thrombus Classification. (A) Japanese VP1: presence of thrombus distal to second order branches. (B) VP2: thrombus in second order 
branches (left/right portal vein branches). (C) VP3: thrombus in first order branches (left/right portal vein. (D) VP4: thrombus in main trunk of portal vein. (E) Shi et al 
classification Type IV=tumor thrombus in SMV. Type III=VP4. Type II=VP3. Type I=VP1–2. (F) Based on the extent of involvement of the portal vein by the tumor thrombus, 
the portal vein can be coded with colors of the rainbow. Portal Vein trunk=red. First order branches=orange. Second order branches=yellow. Distal to second order 
branches=green. Microvascular Invasion level= blue and purple. MVI, classified as VP1 in Japanese and type 1 by Shi et al, is usually diagnosed on explant pathology.55
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(n=120) (PVTT VP1–3) with good liver function, 
Mazzaferro et al proposed PSS based on the factors linked 
with post-treatment survival. These include bilirubin level 
(≤1.2 mg/dL=score 0 and if >1.2 mg/dL=2), extension of 
the PVTT (type I=1, type II=2, type III=3), and total tumor 
burden (≤50% volume=0 and >50%=2). Based on the sum 
up score, the following three prognostic categories were 
identified: Favorable prognosis (0 points), intermediate 
prognosis (2–3 points), and dismal prognosis (>3 points). 
The median overall survival (OS) was 14.1 months (95% 
CI=10.7–17.5), while 1- and 3-year OS was 53.2% and 
18.5%, respectively. Median OS in the three categories 
was 32.2, 14.9, and 7.8 months, respectively (P<0.0001).60

For HCC patients with PVTT (Cheng’s type I and II) who 
underwent R0 hepatectomy, Zhang et al61 (multicenter retro-
spective study) proposed an equation that incorporated the 
following factors: Total bilirubin (<17.1 µmol/L score=0 and 
if ≥17.1 µmol/L=1), AFP (<20 ng/mL=0; ≥20 ng/mL=2), 
tumor diameter (<3 cm=0; 3–5 cm=1; >5 cm=2), and satellite 
lesions (No=0, Yes=1). Based on the sum up score, patients 
were divided into two groups: The group with a score ≤3 and 
the other group with a score >3. For patients with a score ≤3 
(n=84), the median OS was 19.0 months and for a score >3, it 
was 8.9 months. This PSS has been validated on a prospective 
internal cohort as well as three independent external cohorts by 
showing the difference in the median OS among two groups.

Recently, the α-fetoprotein (AFP), des-γ-carboxy pro-
thrombin (DCP), and tumor volume (TV) were reported to 
provide predictive prognosis in the HCC patients with type I– 
II PVTT undergoing resection.62 This ADV score is calcu-
lated as α-FP [ng/mL]×DCP [mAU/mL]×TV [mL] 
(expressed in log10) for predicting patient survival after 
resection. Previously this score has been devised and vali-
dated in the patients with solitary as well as large HCC.63–65

Low serum concentrations of DCP and curative resection 
have been suggested as positive factors to 5-year survival 
after LR in type VP4 PVTT.66 It has also been observed that 
HCC patients with VP1–VP2 undergoing LR had better 
prognosis when the spleen was not enlarged as compared to 
the patients having splenomegaly. Further, if the patients with 
splenomegaly underwent concomitant splenectomy along 
with LR then the prognosis improved.67

Treatment Options for HCC with 
PVTT
Treatment modalities for PVTT can be largely classified as 
local, locoregional and systemic therapies. A) Local 

therapies include surgery (liver resection and liver trans-
plantation) and radiotherapy (3D-CRT, EBRT). B) 
Locoregional therapies include TACE, TARE (SIRT), and 
HAIC. C) Systemic therapies include drugs that fall in the 
category of Immunotherapy (eg, nivolumab, pembrolizu-
mab), and target therapy (eg, Sorafenib, Regorafenib, 
Lenvatinib, etc.).

Systemic Therapy
Among tyrosine kinase inhibitors (TKIs), sorafenib 
(SHARP trial) and lenvatinib (REFLECT trial) were the 
only two drugs previously approved as first line therapy 
for advanced HCC.68,69 In a phase III, multicenter, non- 
inferiority trial of advanced unresectable HCC patients 
(n=954), the median OS was 13.6 months and 12.3 months 
for the lenvatinib group (n=478) and sorafenib group 
(n=476), respectively. Lenvatinib also proved to be non- 
inferior with comparable OS and an acceptable safety 
profile. However, its efficacy among the patients having 
involvement of the main trunk of the portal vein (VP4) has 
not been proven in a recent multicenter analysis.69

Recently, the combination of atezolizumab plus beva-
cizumab (Ate-Bevac) has shown better OS as compared to 
sorafenib as a first line therapy for advanced HCC. In 
a phase III global trial on advanced HCC patients (PS 0– 
1 and CP class A) who had not been previously treated, the 
OS at 1 year among patients receiving Ate-Bevac (n=336) 
was 67.2% (95% CI=61.3–73.1), while in the sorafenib 
group (n=165) it was 54.6% (95% CI=45.2–64.0). The 
progression free survival (PFS) was also significantly 
longer with Ate-Bevac combination than sorafenib (med-
ian PFS 6.8 months (95% CI=5.7–8.3) and 4.3 months 
(95% CI=4.0–5.6), respectively. The most common grade 
3–4 adverse event reported with Ate-Bevac combination 
was hypertension (15.2%). The patient’s quality-of-life, 
physical functioning, as well as role functioning was also 
better among patients receiving Ate-Bevac.70,71 This sys-
temic combination therapy has been recommended as first 
line therapy among HCC patients with PVTT.

The drugs that have been approved in phase III trials 
as second line therapy include regorafenib (RESORCE 
trial), ramucirumab (REACH-2), and cabozantinib 
(CELESTIAL).72–74 The immune-check point inhibitor 
(ICI), nivolumab in an open label phase I/II (CheckMate 
040) trial, irrespective of the line of therapy, has also been 
approved, while its combination with ipilimumab reported 
manageable safety.75,76 Another ICI, pembrolizumab 
as second line drug in an open label Phase II trial, has 
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also been approved in the US as second line therapy77 

(Table 1).

Radiotherapy
The high-energy targeted radiations damage cancer cells 
leading to cell apoptosis. Radiation also induces cellular 
inflammation and enhances the immune recognition of the 
tumor cells.78–80 Radiation therapy (RT) has long been 
a component of local–regional control among all the stages 
of HCC.

The 3-dimensional conformal radiotherapy (3DCRT) 
and stereotactic body radiation therapy (SBRT) are the 
most common forms of external beam radiotherapy 
(EBRT) in practice. 3DCRT utilizes CT based planning 
to target the lesion, while SBRT is the most advanced form 

with maximum therapeutic efficacy by concentrating high 
doses on the targeted tumor area in a short period of 
time.81 Both of these thus spare the normal liver parench-
yma from radiation damage. Irrespective of the involve-
ment of vessels or location of the tumor, ERBT can be 
used as an effective palliative modality for locally 
advanced HCC.82 A recent meta-analysis reported similar 
OS and disease control rate with both the 3DCRT and 
SBRT among HCC cases with PVTT.83

EBRT was reported as one of the most favorite treat-
ment options in a recent online survey from Korea (161 
HCC clinicians), for the HCC patients with vessel involve-
ment (78.9% participants) or incomplete response after 
TACE (70.2% participants).84 Recent open label RCT 
comparing the efficacy and safety of combining EBRT 

Table 1 Selected Studies on Systemic Therapy for Advanced Hepatocellular Carcinoma with Portal Vein Tumor Thrombosis

Author/ 
Trial (Year) 
Reference

Modality/ Study 
Type

PVTT 
Type/ PS

No. of 
Patients 
(n)

Survival Outcome 
OS

Other Outcomes Adverse Events ≥ Grade 
3 (%)

SHARP trial 

(2012)68

Sorafenib MVI (Ps 0– 

1; CP A)

108 MST, 8.1 months TTP (months) 4.1 

DCR (%) 38.9

NA

Jeong et al 

(2013)15

Sorafenib VP3 VP4 6; 24 MST; 3.1 months TTP (months) 2.1. 

ORR (months 13.3 
DCR (%) 45.0

Fatigue (10), HFSR (3.3), 

Liver dysfunction (3.3)

Song et al 

(2015)111

HAIC 

versus Sorafenib

MVI 

VP2 VP3 

VP4

110 

versus 60 

(5, 16, 39)

Median OS 

7.1 versus 5.5 months

TTP (months) 3.3 

versus 2.1 

ORR; 13.3 months 
DCR; 45.0 months

Sorafenib: 

Diarrhea (13), Fatigue (8), 

HFSR (7), Rash (3)

REFLECT 
trial (2018)69

Lenvatinib 
versus Sorafenib

MVI (VP4 
excluded)/ 

PS 0–1

109 
(22.8%) 

versus 90 

(18.9%)

Median OS 
13.6 versus 12.3 

months

Median PFS 
(months) 

7.4 versus 3.7 

Median TTP 
(months) 

8.9 versus 3.7 

ORR (%) 24.1 
versus 9.2. 

DCR (%) 75.5 

versus 60.5

Lenvatinib: 
HTN (42.2), diarrhea (38.7), 

appetite loss (34.0), weight 

loss (30.9). 
Sorafenib: 

HFSR (52.4) diarrhea (46.3), 

HTN (30.3), appetite loss 
(26.7)

Richard et al. 

(2020)70

Atezolizumab– 

Bevacizumab 
versus Sorafenib

MVI/ (PS 

0–1, CP 
A-C)

129 (38%) 

versus 71 
(43%)

At 6 and 12 months 

84.4 and 67.2 (%) 
versus 72.2 and 54.6 

(%), respectively

Median PFS 

(months) 
6.8 versus 4.3 

ORR (%) 32.2 

versus 13.3 
DCR (%) 73.6% 

versus 55.3%

Atezolizumab–Bevacizumab 

HTN (15.2), Liver 
dysfunction (10.6), 

Sorafenib 

HTN (12.2), HFSD (8.3)

Abbreviations: PVTT, portal vein tumor thrombosis; PS, performance status; CP, Child-Pugh class; OS, overall survival; PFS, progression free survival; MVI, macrovascular 
invasion; MST, median survival time; TTP, time to progression; DCR, disease control rate; ORR, objective response rate; Gr, Grade; HFSR, hand foot syndrome; HTN, 
hypertension.
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with TACE versus sorafenib among HCC patients with 
macrovascular involvement (n=90) reported a higher radi-
ological response rate at 24 weeks (33.3% versus 2.2%), 
longer median time to progression (31.0 versus 11.7 
weeks; P<0.001), and significantly longer OS (55.0 ver-
sus 43.0 weeks; P=0.04) with a EBRT-TACE 
combination.85

A recent study (n=14; type III–IV PVTT) reported 
tumor thrombus tends to be more sensitive to RT than 
the primary tumor. The techniques of the CT-MRI image 
fusion software to better localize target volume site and the 
intensity modulated RT for better radiation distribution 
were used. Results stated that 88.9% (n=8) of patients 
with primary HCC and all 100% (n=5) with other 
types of cancers with PVTT were successfully down- 
staged from stage IV/III to stage II.86 Radiotherapy has 
also been shown to be more effective in the management 
of VP3–4 than sorafenib (median OS 10.9 versus 4.8 
months, respectively).87

RT has also been suggested in various forms and com-
binations in the setting of advanced HCC. Combinations 
of 3D CRT and HAIC, intermittent modulated radiother-
apy (IM-RT) plus TACE and sorafenib, and 3D CRT plus 
portal vein stent placement along with TACE and sorafe-
nib have reported better outcomes in the setting of HCC 
with VP3 and VP4 PVTT.88–90 This combination provides 
survival benefits to HAIC non-responders as well.91

A systemic review and meta-analysis comprising 25 
studies (patients=2,577, randomized control trials (RCTs) 
=11, and non-RCTs=14), comparing TACE plus RT 
versus TACE alone in advanced unresectable HCC 
reported significantly better 1-, 2-, and 3-year survival 
among patients receiving TACE plus RT.92 There can be 
a number of reasons behind the effectiveness of this 
approach: The TACE damages a large number of the 
cancer cells and hence decreases tumor burden as well as 
radiation field.93,94 Also, the decrease in the number of 
cancer cells causes the cancer cells to divide rapidly, 
which makes them more radiosensitive.93 Furthermore, 
the RT can reach cancer cells at the periphery of the 
tumor that take collateral blood supply, it also prolongs 
retention of anti-cancer drugs. This makes more time 
available for the drugs to work and hence a smaller num-
ber of TACE session are required.95

Concurrent liver directed chemoradiotherapy for HCC 
patients with major PVTT has also been proposed, while 
another study suggested a possible role of RT as 

downstaging to living donor LT for HCC with PVTT96,97 

(Table 2).

Selective Internal Radiation 
Therapy (SIRT)
Selective internal radiation therapy (SIRT) is a form of 
transarterial radioembolization (TARE) by which radioac-
tive element yttrium-90 (Y90) contained in microspheres 
are delivered to the targeted area through the feeding 
arteries. The Y90 releases beta particles and causes nearby 
tissue injury via production of oxygen free radicals. These 
beta particles have maximum tissue penetration of 10 mm 
and a half-life of 64.2 hours. This way delivering the 
radiation particles directly to the tumor spares the rest of 
the normal liver tissue from radiation damage. At present, 
only TheraSphere®, a glass-based microsphere containing 
Y90 is approved by FDA for radiation and as neoadjuvant 
treatment to resection or transplantation in HCC patients 
with advanced disease.98–100

There have been two phase III trials published to check 
the superiority of TheraSphere Y90 radioembolization 
(RE) over standard systemic therapy with sorafenib in 
advanced HCC. These include the SARAH trial and the 
SIRveNIB trial. The median OS in the SARAH trial (con-
ducted in 25 centers, France) was 8.0 months in the RE 
group (n=237) and 9.9 months in the sorafenib group 
(n=222).101 The median OS in the SIRveNIB trial (11 
countries of Asia Pacific region) was 11.3 months in the 
RE (n=182) and 10.4 months in the sorafenib (n=178) 
group. Although the tumor response rate was higher and 
the rate of serious adverse events was less in the RE group 
than the sorafenib group (20% versus 35%, respectively), 
the disease control rate, progression free survival, and 
patient’s health-related quality-of-life (HRQoL) was 
essentially similar among both groups.102

One prospective study to compare the efficacy of com-
bining SORAfenib with local MICro-therapy guided by 
the gadolinium enhanced MRI named (SORAMIC) in 
advanced HCC patients concluded that addition of SIRT 
was safe but does not improve OS (14 months versus 11.1 
months, respectively, in per protocol population, the SIRT 
plus sorafenib (n=114) versus sorafenib group (n=174).103

A few studies comparing SIRT to sorafenib in HCC 
with portal invasion found median OS benefits and pre-
servation of HRQoL in these patients.104,105 In 
a retrospective comparative study, the median OS in 
patients treated with SIRT versus sorafenib were 26.2 
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months versus 8.7 months, respectively. This difference 
was more marked in patients with VP1–3 versus VP4. 
The median OS in VP1–3 patients treated with SIRT was 
25.3 months versus 7.0 months in the sorafenib group; and 
in VP4 patients it was 12.0 months with SIRT versus 6.5 
months in the sorafenib group.104,105

Recently a study reported the local (tumor microenvir-
onment) and systemic (blood) immune activation role of 
Y90-RE in the tumor microenvironment among the HCC 
patients treated with TARE.106 The clinical impact of 
personalized SPECT/CT-based dosimetry in HCC patients 
with PVTT treated with Y90 loaded glass 
microspheres has shown optimistic results.107 However, 
there is still a lack of high-level evidence to use SIRT in 
HCC patients and its effects need to be verified further in 
large RCTs.

Hepatic Arterial Infusion 
Chemotherapy (HAIC)
The delivery of chemotherapeutic agents via an hepatic 
arterial infusion chemotherapy (HAIC) approach directly 
transports the drugs into the tumor-feeding arteries and 
limits the systemic toxicity as well.108 It is proposed in 
many studies that HAIC yields an expressively higher 
response rate than systemic chemotherapy or sorafenib 
and among TACE refractory cases.109–112

Similar longer survival was reported by the Liver 
Cancer Study Group of Japan, using HAIC containing 
fine-powder cisplatin (New-FP) suspended in lipiodol 
and 5-FU in HCC patients with macrovascular invasion 
(MVI). The median survival time (MST) after propensity 
score was 15 months versus 7.9 months for the New-FP 
(n=442) and sorafenib groups (n=149), respectively 
(P<0.001).113 Similarly, HAIC with low dose 5-FU and 
cisplatin (LFP) as a first-line treatment for HCC patients 
with PVTT (VP3, VP4) has also been proposed while 
switching to sorafenib if no response is observed.114–116 

The survival time in the HAIC (n=32) group was signifi-
cantly longer versus the sorafenib (n=14) groups (309 days 
vs 120 days).116 Similar promising results with acceptable 
safety of combining HAIC with sorafenib were reported in 
multiple studies.117–119

A phase III RCT reported the survival benefits and 
safety of a combination of sorafenib and HAIC (low 
dose cisplatin and 5-fluorouracil (5-FU) over sorafenib 
alone among advanced HCC patients (SILIUS trial).118 

The median OS among patients receiving sorafenib plus Ta
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HAIC versus sorafenib alone were as follows: No vascular 
invasion group, 11.3 versus 11.9 months; VP1–3 group, 
11.3 versus 14.4 months, respectively; while in the VP4 
group (main portal invasion) it was 11.4 and 6.5 months, 
respectively. This trial identified HCC with VP4 patients 
as a potential group that can have extra OS benefit with 
this approach.118

Recently a multicenter randomized, open label, phase 
III clinical trial reported survival benefits of combining 
sorafenib with HAIC (SoraHAIC) containing 5-FU, leu-
covorin, and oxaliplatin (FOLFOX) among HCC patients 
with portal vein invasion. The reported median OS in the 
SoraHAIC group (n=247) was 13.37 months (95% 
CI=10.27–16.46), while in the sorafenib group it was 
7.13 months (95% CI=6.28–7.98) (hazard ratio [HR] 
=0.35; 95% CI=0.26–0.48; P<0.001).119 Another retro-
spective comparative study reported a longer OS (14 
months) in HCC patients with PVTT receiving HAI 
pump of cisplatin and 5-FU when compared to the sora-
fenib group (OS=7 months).120

As neither of these treatments (sorafenib and HAIF) as 
monotherapy reasonably prolongs the survival, it 
is imperative to engage the tumor with more than one 
treatment option to improve OS. As the progressive invol-
vement of the portal vein will eventually reduce the blood 
flow and further deteriorate the liver function, it seems 
appropriate to employ a treatment that has robust tumor 
thrombus downstaging effects. The consensus-based 
guidelines from Japan and Taiwan recommend HAIC as 
one of the treatment options for type VP3 and VP4 
PVTT.31,34

The combination of HAIC with RT has also been 
reported to significantly prolong OS and PFS better as 
compared to sorafenib alone among HCC with VP4 
PVTT (median, 9.9 versus 5.3, and 3.9 versus 1.9 
months).121 Recently combining HAIC with TACE and 
Sorafenib proved to be a safe and better treatment option 
for patients with PVTT,122 while addition of anti-PD-1 
immunotherapy was reported to improve the efficacy of 
HAIC in advanced HCC123 (Table 3).

Transarterial Chemoembolization
The history of utilizing the TACE approach dates back to 
1970s when anti-cancer drugs were delivered via 
a catheter in the vessels and later on gelatin sponge parti-
cles were used to embolize and treat inoperable HCC 
patients in Japan.124–126 Later on, the usage of lipiodol 

(an oil-based radio-opaque agent) improved therapeutic 
results and is still in practice now.127

There are two types of TACE techniques in practice. In 
conventional TACE, lipiodol delivers the cytotoxic agents 
directly to the tumor via intra-arterial injection. This is 
followed by the placement of embolic agents like a gelatin 
sponge. After the procedure, images are taken to look for 
the retention of lipiodol at the desired place, which allows 
prediction of the treatment achievement. The other one 
utilizes microsphere beads that contain cytotoxic drugs 
that are released in a sustained manner. As these beads 
are non-absorbable, they also act as an embolic sphere at 
the same time. The efficacy of both of these techniques is 
similar in terms of tumor response, time to progression, or 
OS, and in respect to safety endpoints.128–131

TACE is considered an effective palliative treatment 
for advanced HCC cases and has also been recommended 
as the treatment of choice in various guidelines.30–34,132 

Recently, a multi-region (14 countries), multicenter (42 
sites), large scale (number of patients=18,031), longitudi-
nal cohort (the BRIDGE study) published data stating the 
most common BCLC stage at diagnosis to be Stage C in 
North America, Europe, China, and South Korea, and 
Stage A in Taiwan and Japan. The most frequent first 
treatment given across all the stages was TACE in North 
America, Europe, China, and South Korea, percutaneous 
ethanol injection or radiofrequency ablation in Japan, and 
resection in Taiwan. Rather than sorafenib, TACE and 
resection were the most frequent first recorded treatments 
for patients with BCLC stage C disease. This study gave 
a better understanding of the global HCC therapy and its 
clinical outcomes across real world clinical practice.133

The combination of systemic therapy and TACE has 
recently been reported to be safe and further improve 
outcomes in advanced HCC cases (BCLC C).134–136 The 
MST in Type I PVTT patients receiving a combination of 
TACE and sorafenib (n=46) versus sorafenib (n=45) was 
15 months and 10 months, respectively. While in Type II, 
it was 13 months and 6 months respectively. The extent of 
the thrombus and selection of the therapy were indepen-
dent prognostic factors for OS. This approach of confining 
the local tumor with TACE and systemic disease with 
sorafenib yields superior survival rates than either of 
these therapies alone.134,137 Recently, the combination of 
lenvatinib with TACE has also been reported to be safe in 
the setting of VP1–4 PVTT.138 The blending of RT with 
the TACE has been reported to increase the binding of 
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drugs used in the chemoembolization and thus these 
patients require a lower number of TACE sessions.92,95

The main portal vein trunk involvement (VP4) by HCC 
raises the portal vein pressure and the risk of tumor spread. 
Placing a stent in the portal vein can re-establish channel 
and blood flow. Besides placing therapeutic drugs through 
this conduit, this can also serve the purpose of carrying 
endovascular therapy. A number of studies have reported 
survival benefits of this strategy in selected HCC patients 
with VP4 PVTT as compared to a combination of TACE 
and sorafenib. The survival rate at 6-, 12-, and 24-month 
s was 88.9%, 54.3%, and 14.1%, respectively, among 
patients who also received stent along with placement of 
125I seed, TACE, and sorafenib (n=37), while it was 
45.8%, 0%, and 0%, respectively, among the patients get-
ting TACE and sorafenib. As the flow in the main portal 
vein was restored via stenting, the TACE implication did 
not result in deterioration of liver functions.139–141 

Likewise, a study reported better OS with the addition of 
RT to TACE versus either TACE or sorafenib alone142 

(Table 4).
Also the combination of DEB-TACE with microsphere 

in HCC patients with PVTT has been reported safe, well 
tolerated and with promising preliminary clinical out-
comes (the survival rate at 6, 12, 18, and 24 months was 
72.4,% 41.4%, 22.4%, and 19%, respectively).143

Surgical Methods: Efficacy of 
Different Methods
One of the initial studies to report resection of HCC with 
PVTT dates back to the early 1980s by Yamaoka et al.144 

Initially tumor thrombectomy was performed to restore 
portal flow and allow transcatheter arterial embolization. 
Later on, thrombectomy combined with hepatectomy 
(n=27), an emergency measure to manage the complica-
tions of portal hypertension, was performed. This 
approach unexpectedly produced better survival rates at 
1 year (52.2%), 2 years (23.2%), and 3 years (11.6%), 
which were significantly higher than in those HCC patients 
who were not operated on (n=22). About half the patients 
had survival >1 year in that series with the longest survi-
vor reported >4 years.144

It was suggested that the OS of HCC patients with 
PVTT can be prolonged by vigilant selection criteria and 
by adopting the thrombectomy first technique. The criteria 
states patients with a primary lesion that can be resected 
while leaving a sufficient portion of liver and with no H
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distant metastasis and clinically CP class A–B and PS 
score 0–2 (ECOG) to be eligible for resection.145

Surgery – Liver Resection
Several studies have reported improved clinical outcomes 
with surgical resection (hepatectomy along with throm-
bectomy) in selected HCC patients with PVTT.146–150 

Performing resection on ailing liver in patients with 
advanced disease is technically demanding and not with-
out risks. Although the selection of the treatment modality 
plays a significant role, it’s also imperative to know that 
vessel involvement itself has a central role in possible 
progression and prognosis of the HCC in these 
patients.49,151

A nation-wide survey by the Liver Cancer Study Group 
of Japan reported survival benefits for LR in HCC patient 
with PVTT.152 Patients were divided into a LR group 
(n=2,093) and a non-LR group (received treatment 
TACE, ablation, chemotherapy, BSC, and other treat-
ments). The patients were matched (n=1,058 in each 
group) using propensity score to confirm the survival 
benefit of LR. The MST suggests longer survival outcome 
with LR than non-surgical treatment: VP1, 4.13 years 
(95% CI=3.40−5.81); VP2, 2.49 years (95% CI=1.92 
−3.08); VP3, 1.58 years (95% CI=1.22−2.17); and VP4, 
0.91 years (95% CI=0.75−1.23). But the survival benefit 
of LR in the VP4 patients’ group was not statistically 
significant. The most frequent site of recurrence was the 
liver for all extents of PVTT. The risk factors for OS after 
LR were liver cirrhosis, VP4, tumor size, tumor number 
>3, R2 resection, and AFP ≥15 ng/mL.152 Liver resection 
is acceptable only in selected HCC patients with VP1–2 
PVTT, while resection only is reported controversial in 
VP3–3 PVTT.145,153

A recent nationwide study from China reported 
a number of factors of long-term survival (LTS defined 
as 3 years) in HCC patients with VP1–3 PVTT who under-
went LR (n=1,461).154 All suitable patients received adju-
vant TACE at 1-month, none received any neoadjuvant 
therapy. The patients who underwent R0 resection, with 
intraoperative blood loss ≤400 mL, TBIL ≤17.1 μmol/L, 
and AFP ≤400 ng/mL, had significantly longer OS and 
RFS than their counterparts (all P<0.001). About half of 
LTS received adjuvant TACE which was a significant pre-
dictor of OS and RFS (all P<0.001). Those who underwent 
major hepatectomy had significantly better RFS (P=0.005) 
but similar OS (P=0.0052). In addition, tumor diameter 
>5 cm, liver cirrhosis, and type VP4 PVTT were 

associated with poor OS and RFS.154 The extent of the 
involvement of the portal vein, size of the tumor >7 cm, 
and AFP levels >30 ng/mL were reported independent 
prognostic factors for survival among patients who under-
went liver resection for PVTT.153,155

One study proposed the surgical resection as a standard 
therapy for HCC patients with VP4 PVTT (n=78). 
A prognostic index (PI) based on the presence of ascites, 
prothrombin activity, and maximal tumor diameter (prog-
nostic factors with similar hazard ratio) was developed to 
help devise a treatment strategy. The PI is calculated as 
follows: Ascites (absent=0, present=1) + (PT activity: 
≤75%=0, ≥75%=1) + (maximal tumor diameter: ˂5cm=0, 
≥5 cm=1). MST for patients with PI 0, 1, 2, and 3 was 
5.6-, 1.6-, 0.5-, and 0.1-year, respectively, and the 5-year 
survival rate was 51.9%, 10.3%, 0% and 0%, 
respectively156,157 (Table 5).

A systemic review containing 29 studies from East 
Asia, Europe, and the USA reported OS benefit for LR 
in the advanced stage HCC patients with MVI 
(n=3,659).146 The majority of the patients were CP class 
A (93%) and the rest were CP class B. The MST was 15 
months (range=5.4–33 months). The 3- and 5-year OS 
were 33% (range=16–75%) and 20% (range=5–57%), 
respectively, reported by 12 studies. The 3- and 5-year 
DFS were low at 16% (range=4–60%) and 16% 
(range=0–33%), respectively, reported by 12 studies. 
The median 5-year survival for VP1–2 patients was 45% 
(range=25–54%; reported by five studies). The median 
5-year survival for patients with VP3 PVTT was 19% 
(range=0–38%; reported by six studies). The median sur-
vival was 14.5% (range=0–26.4%; reported by 10 stu-
dies). The 5-year OS in the studies from the west (n=4) 
and the USA (n=1) was comparable to 5-year OS in the 
study, 14–20% versus 20%, respectively. The R0 resection 
was obtained in 47–97% (median=84%; reported by 11 
studies). In the median follow-up of 25 months, the med-
ian recurrence was high, at 80% (range=28.5–88%) 
(reported by 11 studies). This concluded significantly 
better OS with LR versus systemic therapy alone in type 
VP1 and VP2 and selected VP3HCC with PVTT patients, 
and that the extent of PVTT effect survival and results are 
better when the thrombus is located in distal PV branches 
(VP1–2).146

In the light of recent emerging data, surgical resection 
can be considered safe in carefully selected HCC cases 
with VP1–2 PVTT.158–161
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A meta-analysis containing 11 studies (n=3,129) 
reported survival benefits of LR over TACE alone among 
HCC patients with PVTT. The OS rates at 1, 2, 3, and 5 
years favor LR over TACE for type I and type II PVTT. 
But for type III PVTT, OS rates at 1, 2, 3, and 5 years were 
the same for both treatments.162 Similarly, a meta-analysis 
of 18 high quality studies (n=5,986) reported significant 
OS benefits with LR compared to TACE in BCLC B and 
C groups.163

Surgery Plus Adjuvant and 
Neoadjuvant Therapy
Many studies have demonstrated the survival benefit of 
TACE in the adjuvant and neoadjuvant settings with 
acceptable safety among the patients at a high recurrence 
risk.164–167 Likewise, adjuvant RT as well as neoadjuvant 
3D CRT along with HAIC has also been reported to play 
a downstaging role and further improve outcomes with 
surgical resection.168–170 As performing surgical resection 
takes out the major disease burden, the rationale behind 
using neoadjuvant and adjuvant therapy is that these take 
care of the micro foci that are left behind during surgery, 
the micro-metastasis not seen on the imaging and the 
dissociated cancer cells that are ambulated at the time of 
surgery.

A recent prospective comparative study showed better 
OS among HCC patients with type I–II PVTT who under-
went TACE before LR over patients having LR alone (OS 
rate at 1-, 3-, and 5-year= 72.5%, 38.1%, and 31.5% 
versus 48.3%, 18.7%, and 13.9%, respectively, and 
MST=28.3 months versus 11.2 months, respectively). 
However, there was no survival benefit of adding neoad-
juvant TACE among HCC patients with type III PVTT.167

A recent systemic review and meta-analysis containing 
24 studies (RCT=9; NRCT=15; n=6,977) demonstrated 
that adjuvant TACE was associated with a better OS 
(based on n=6,573; RCT=6; NRCT=15) and better DFS 
(based on n=2,260; RCT=7; NRCT=6) than LR alone for 
HCC patients.171 In subgroup analyses, the pooled results 
revealed that adjuvant TACE was associated with an 
improved OS and DFS in the patients with multinodular 
HCC (HR=0.79 and 0.31, both P<0.01), MVI (HR=0.62 
and 0.67, both P<0.01), or PVTT (HR=0.49 and 0.58, both 
P<0.01), but not among the patients with large HCC 5  
cm). Furthermore, the pooled analysis of all the studies 
demonstrated that patients who underwent surgery fol-
lowed by adjuvant TACE had better 1-, 3-, and 5-year 

survival versus surgery alone. The pooled HR for OS 
and DFS for all studies was in favor of adjuvant TACE 
after surgical resection.171

A recent meta-analysis reported that sorafenib as adju-
vant therapy after liver resection was associated with 
improved OS (hazard ratio=0.71, 95% CI=0.59–0.86; 
P<0.001), RFS (hazard ratio=0.68, 95% CI=0.54–0.86, 
P=0.001) and lower recurrence rate (pooled risk 
ratio=0.78, 95% CI=0.68–0.90, P<0.001) without unbear-
able side-effects.172 The treatment options for the HCC 
patients with PVTT are listed in Figure 3.

Performing surgery in the form of liver resection along 
with thrombectomy reduces the tumor burden and portal 
pressure and its complications thus improve liver function 
and quality-of-life.173 Likewise, neoadjuvant therapy can 
achieve tumor downstaging, making surgery possible with 
improved DFS and OS while adjuvant therapy 
increases RFS.

Transplantation
There have been numerous criteria made to find the sui-
table HCC candidates for LT in order to increase OS and 
decrease the risk of recurrence. As there has been a trend 
in performing curative resections for the larger HCC 
lesions to render patients disease-free, likewise the selec-
tion criteria for LT are mounting the extent to include more 
HCC patients for curative intent.174,175 One of the studies 
(Bruix and colleagues) proposed that LT for HCC be 
performed when 5 years expected patient’s survival is 
more than 50%.176 When LT is being considered for 
patients outside the Milan Criteria it should be considered 
only when 5 years expected survival is no less than 61% 
(Volk et al).177

Considering the presence of PVTT in HCC patients 
and advanced disease much desired results cannot be 
achieved with LT in such patients. Although PVTT is 
generally considered a contraindication to LT, some cen-
ters have reported positive results for LT in the setting of 
gross vascular invasion in selected candidates. Xu et al 
suggested that living donor liver transplant (LDLT) can be 
considered an effective palliative treatment option in HCC 
patients with PVTT (VP4=10, VP3=14) and reported 
a 6-month, 1-year, and 2-year OS of 66.7%, 29.5%, and 
23.6%, respectively.178 It should be realized that the intent 
of LT in this setting is not to cure but to prolong life by 
preventing the eminent complications of portal vein 
involvement.

Journal of Hepatocellular Carcinoma 2021:8                                                                                      https://doi.org/10.2147/JHC.S318070                                                                                                                                                                                                                       

DovePress                                                                                                                       
1107

Dovepress                                                                                                                                                            Khan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


A study comparing DFS and OS rate in the PVTT 
(VP1–2) group (n=34) and microvascular invasion group 
(n=24) who underwent LDLT suggested this as a valid 
treatment option as these outcomes did not differ signifi-
cantly in the study (63.9% and 50.3%, respectively). 
However, the 1-, 3-, and 5-year DFS and OS rates in the 
PVTT VP3 group were poor (28.6%, 14.3%, and 14.3%; 
and 71.4%, 14.3%, and 14.3%, respectively) and sug-
gested LT a contraindication in this group.179 A recent 
study suggested LDLT a treatment option in selected 
HCC patients with PVTT (VP1–3). A “pre-LT AP score” 
based on the AFP x PIVKAII (pre-LT value) was pre-
sented stating a value of <20,000 ng/mL a cut-off for 
better OS. One-, 3-, and 5-year OS were reported as 

72.7%, 63.6%, and 63.6%, respectively, and the RFS as 
63.6%, 45.5%, and 45.5%, respectively.180

LT has also been reported to have significantly better 
outcomes than LR among HCC patients with VP1–2 
PVTT.181,182 The median OS and RFS of LT versus LR 
in VP1–2 were more pronounced when the AFP levels 
were >200 ng/mL (23.6 months versus 9.8 months and 
18.0 months versus 2.1 months,respectively). Whereas 
type I PVTT patients had AFP ≤200, the LT and LR 
achieved similar median RFS and OS (16.33 months ver-
sus 23.26 months and 36.47 months versus 36.17 months). 
Among patients with PVTT type II, no significant differ-
ences in RFS and OS were found between LT and LR. In 
the entire cohort comparing LT (n=47) vs LR (n=47), RFS 

Figure 3 Therapeutic options for HCC patients with PVTT. There are several different treatment options available. Treatment plan for each patient should be personalized 
depending on performance status, stage, and the extent of involvement of the portal vein by the tumor thrombus, presence or absence of nodal disease, and distant 
metastasis. As combination therapy yields better results, the combination and the set of sequences largely remains unanswered and needs further prospective trials. 
Abbreviations: HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombus; HAIC, hepatic artery infusion chemotherapy; 5-FU, 5-fluorouracil. FOLFOX, 
fluorouracil, leucovorin and oxaliplatin; SIRT, selective internal radiation therapy; Y90, yttrium-90; TACE, transarterial chemoembolization. EBRT, External beam radiotherapy.
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and OS rates at 3-years were 39.1% and 45.7% and 13.5% 
and 28.1%, respectively.182

The role of neoadjuvant downstaging therapy (DS) in 
various cancer types has been established, whereas studies 
on this approach in HCC patients with PVTT are limited in 
number and are small cohorts. The survival benefits of 
neoadjuvant locoregional therapy (TACE, Y90-RE, RFA, 
or a combination of these therapies) before LT in selected 
cases with advanced HCC stage III/IV (VP1–VP2) have 
been reported.183

The concurrent use of chemoradiotherapy (5-FU and 
RT-45 Gy over 5 weeks) and HAIC (5-FU/cisplatin) as DS 
modality was reported in a small cohort of HCC patients 
(n=8) with type VP3 and VP4 PVTT.96,97 The 1-year 
short-term DFS rate was 87.5%. Similarly, TACE and RT 
have been demonstrated to be effective DS therapies in 
HCC patients (n=17) with major vascular involvement 
before LDLT. One- and 3-year OS rates were 87.4% and 
60.5%, respectively, and DFS rates were 70.6% and 
57.8%, respectively.184 Liver directed neoadjuvant thera-
pies appear to be a more effective DS strategy than others 
in advanced disease. Thus, in carefully selected HCC 
patients with VP1–2 PVTT the LDLT after neoadjuvant 
therapy may be considered an effective palliative 
treatment.

Conclusion
Portal vein involvement in HCC is considered an advanced 
stage and its severity is related with the prognosis. The 
survival outcomes with the use of single modality treat-
ment are not satisfactory whereas the combination of var-
ious treatment options have stated significantly better 
results. This trend is also reflected in the recent guidelines 
from different regions on the management of HCC with 
PVTT. At present, the combination systemic therapy with 
atezolizumab plus bevacizumab is considered standard of 
care in advanced HCC cases. Through the refinement in 
drugs and delivery systems, locoregional therapy with 
TACE, HAIC, and EBRT are considered effective treat-
ment options among VP1–2 PVTT patients. With the 
improvements in surgical techniques, liver resection is 
also considered a valid option in carefully selected HCC 
cases with VP1–2 PVTT. Data on the prospect of combin-
ing adjuvant as well as neoadjuvant therapies is evolving 
with some promising results. In highly selected HCC cases 
with VP1–2 PVTT, LDLT has also been reported to pro-
duce better OS and DFS compared to patients receiving 
conservative therapy. Considering PVTT as the high tumor 

burden state, neoadjuvant downstaging therapy must be an 
essential preliminary condition to decrease the recurrence 
rate. The most suitable treatment options for the patients 
with VP3–4 PVTT includes systemic therapy with atezo-
lizumab plus bevacizumab, TARE, and RT. Given the 
added complexity of the disease, a multidisciplinary man-
agement employing all the potentially beneficial treatment 
modalities should be considered.
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