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Simple Summary: Liver cancer is a leading cause of cancer deaths in the United States and is
frequently complicated by a condition called portal vein tumor thrombus, which indicates advanced
disease with a short life expectancy. Recent advances in treatment of portal vein tumor thrombus
have been shown to improve life expectancy in multiple trials and the evidence supporting these
treatments is reviewed here.

Abstract: Hepatocellular carcinoma is the fourth leading cause of cancer worldwide, and the fastest
increasing cause of cancer mortality in the United States. Its propensity for vascular invasion leads to
the presence of portal vein tumor thrombus in up to half of patients. PVTT results in a classification of
advanced disease, given the risk recurrence secondary to intravascular spread, and formal guidelines
recommend systemic therapy in these patients. However, recent advances in locoregional therapies
including TACE, TARE, and ablation have demonstrated the potential to drastically improve overall
survival in patients with HCC complicated by PVTT.

Keywords: HCC; portal vein tumor thrombus; TACE; SIRT; ablation; TARE; Y90; locoregional therapy

1. Introduction
1.1. Hepatocellular Carcinoma

Hepatocellular cancer is the fourth leading cause of cancer deaths. The incidence and
mortality are highest in East Asia and Africa, but HCC is the fastest increasing cause of
cancer mortality in the US [1]. The strongest risk factor for HCC is cirrhosis, present in
80–90% of HCC cases, and HCC is the leading cause of death in cirrhotic patients. Most
commonly, HCC develops from cirrhosis due to hepatitis B (HBV) or C infection, alcohol
consumption, or diabetes or obesity-related NASH. The etiology of HCC has considerable
geographic variation: in Asia and Africa, HCC secondary to HBV accounts for roughly 60%
of cases, but only 20% in the United States and Europe [1]. Given that chronic hepatitis
B and cirrhosis are well-established risk factors for HCC, screening ultrasound with or
without AFP is recommended every 6 months in these groups and has been associated
with a 37% decrease in HCC mortality [2]. Definitive diagnosis is made with a triple phase
CT demonstrating the presence of lesions with arterial enhancement and delayed washout,
a finding that has a sensitivity of 89% and a specificity of 96% for HCC [1].

Despite screening recommendations for patients with cirrhosis or hepatitis B, many
patients are diagnosed with advanced disease after developing abdominal pain or weight
loss. Prognosis and therapy depend on tumor stage, which is defined by the Barcelona
Clinic Liver Cancer (BCLC) in the United State and Europe. This staging system combines
three factors: disease extension, liver function status as defined by the Child–Pugh score,
and Eastern Cooperative Oncology Group (ECOG) performance status (Figure 1). Very
early stage HCC, or BCLC 0, is defined as a single nodule less than 2 cm, a Child–Pugh
score of A and an ECOG score of 0. Early stage HCC, or BCLC A, is defined as one to
three nodules less than 3 cm, a Child–Pugh score of A or B, and an ECOG score of 0.
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Intermediate stage HCC, or BCLC B, is defined as multinodular HCC, and the functional
and performance criteria are unchanged. Advanced stage HCC, or BCLC C, is defined as
the presence of portal invasion, regional nodal metastasis, or distant metastasis, a Child–
Pugh of A or B, and an ECOG of 1–2. Finally, terminal stage HCC, or BCLC D, is defined as
Child–Pugh C or ECOG > 2 [3].

Figure 1. The Barcelona Clinic Liver Classification defines five stages of hepatocellular carcinoma based on assessment of
disease distribution, liver function, and performance status and recommends therapy based on stage.

According to the BCLC, early stages are treated with resection, ablation, or transplant,
intermediate stages are treated with transarterial chemoembolization, and advanced stages
are treated with systemic chemotherapy. For early, intermediate, and advanced stages,
survival is approximately 36, 16, and 6 months, respectively, in patients with preserved liver
function (Child–Pugh A) [1]. However, recent advances in locoregional therapies including
transarterial chemoembolization (TACE), transarterial radioembolization (TARE), ablation,
radiotherapy, and hepatic intra-arterial infusion chemotherapy (HAIC) have demonstrated
the potential to improve overall survival beyond six months in patients with advanced
HCC complicated by PVTT.

1.2. Portal Vein Thrombosis

The liver receives a dual blood supply from the portal vein and the hepatic arteries.
The portal vein is the primary blood supply to the liver, providing an estimated two-thirds
of blood flow in the normal case. In a healthy, non-cirrhotic liver, the potential ischemic
effects of portal vein thrombosis are mitigated by two compensatory mechanisms: dilation
of the hepatic arteries and the rapid development in a matter of days of a system of venous
collaterals adjacent to the portal vein, termed cavernous transformation. To maintain
perfusion through this collateral system, portal pressures increase, which increases the risk
of developing varices and associated bleeding [4]. In cirrhotic patients, the pathophysiology
of portal vein thrombosis is related to the increased resistance to flow in the hepatic
parenchyma secondary to fibrosis. This in turn slows portal flow rates, increasing the
propensity for thrombus formation [5]. Additionally, like many cancers, HCC promotes a
hypercoagulable state and also has a propensity for direct vascular invasion of the portal
vein. The presentation of portal vein thrombosis is variable and may include abdominal
pain, nausea, vomiting, and diarrhea in partial occlusion. In complete occlusion, it may
present with abdominal pain and associated decompensation of chronic liver disease
including ascites and variceal bleeding. Diagnosis of portal vein thrombosis is made with
either Doppler ultrasound or contrast-enhanced CT, and can be can be classified as acute,
subacute, or chronic. Treatment with anticoagulation is first line, and intervention can be
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considered in refractory symptomatic patients or those with complications from variceal
bleeding.

HCC has a propensity for vascular invasion, particularly of the portal vein, resulting
in a specific case of portal vein occlusion termed portal vein tumor thrombosis (PVTT),
which does not respond to anticoagulation. PVTT affects between 35–50% of patients
with HCC [6] and the presence of PVTT designates advanced disease (BCLC stage C).
The poor prognosis is due to the risk of intravascular metastatic spread, increased risk of
complications such as bleeding esophageal varices [7], and impaired liver function due
to occlusion of the liver’s primary blood supply and worsening portal hypertension. For
patients with PVTT, transplant is contraindicated, and the National Cancer Comprehensive
Network (NCCN) recommendation for advanced HCC is locoregional therapy or systemic
treatment. First line systemic treatment is with atezolizumab plus bevacizumab [8]. While
sorafenib has long been the standard of care for these patients based on the results of two
randomized controlled trials [9,10], combination atezolizumab plus bevacizumab recently
demonstrated superiority in a landmark trial [11]. In this trial, combination therapy was
associated with a hazard ratio for death of 0.58 compared to sorafenib (p < 0.001), improved
overall survival at 12 months (67.2% vs. 54.6%), and improved progression-free survival
(6.8 vs. 4.3 months). The NCCN guidelines acknowledge that there is currently insufficient
evidence to recommend systemic therapy over locoregional therapy [8], and recent studies
of locoregional therapies such as transarterial chemoembolization (TACE), transarterial
radioembolization (TARE) and ablative therapies have demonstrated benefit in HCC with
PVTT in select cases.

1.3. Portal Vein Tumor Thrombus Classification

The portal vein is formed from the confluence of the superior mesenteric vein and the
splenic vein, and within the liver, it divides into a left and right branch. Various further
subdivisions supply the hepatic sinusoids. Thus, portal vein thrombus may involve distal
branches of the portal vein and affect only a segment or a lobe, or it may involve the main
trunk of the portal vein, affecting the entire liver.

In order to understand the literature regarding HCC with PVTT, it is important to
be aware of the various classification systems commonly used—The Liver Cancer Study
Group of Japan, the Cheng Classification, and the Xu classification—as the location of
PVTT impacts prognosis and therapeutic options (Figure 2). The Vp classification system
from the Liver Cancer Study Group of Japan is the most commonly used [12]. In this
system, Vp0 indicates no tumor in the portal vein, Vp1 indicates tumor distal to second
order branches, Vp2 indicates tumor within second order branches, Vp3 indicates tumor
in first order branches, and Vp4 indicates tumor in the main portal vein. This must be
carefully distinguished from the Cheng classification, where Type 0 indicates PVTT seen
only with microscopy, Type 1 indicates PVTT in the second-order segmental branches,
Type 2 indicates PVTT in the right or left portal vein, Type 3 indicates PVTT in the main
portal vein, and Type 4 indicates PVTT in the superior mesenteric vein [13]. Finally, the
Xu classification system specifies Type A as involvement of the main portal vein or both
the right and left portal veins and Type B as involvement of either the right or left portal
vein [14].

The need for a classification system arose in China and Japan as a result of guidelines
that permit resection as a management strategy for HCC with PVTT. In literature from the
United States and Europe, where these classification systems are less common, ambiguity
arises when terms like segmental or sub-segmental PVTT are used to group PVTT patients.
Here, segmental is used to mean any portal vein tumor thrombus outside of the main
portal vein.
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Figure 2. Portal vein tumor thrombosis classification systems. (a) Liver Cancer Study Group of Japan classification; Vp1 =
thrombus located beyond second order branches, Vp2 = thrombus located in the second order branches, Vp3 = thrombus
located in the first order branches, Vp4 = thrombus located in the main portal vein. (b) Cheng classification; Type 0 = PVTT
seen only with microscopy, Type 1 = PVTT in the second-order segmental branches, Type 2 = PVTT in the right or left portal
vein, Type 3 = PVTT in the main portal vein, and Type 4 = PVTT in the superior mesenteric vein. (c) Xu classification; type A
= thrombus in main portal vein or both right and left portal veins, type B = thrombus in either right or left portal vein.

2. Locoregional Therapies
2.1. Patient Selection

Across studies, various criteria are used to select patients appropriate for locoregional
therapy in the setting of HCC with PVTT. All studies require a Child–Pugh score of A or B
(lower than or equal to 7 or 8) and ECOG performance status between 0 and 1, with the
occasional inclusion of patients with ECOG of 2. Other shared criteria included minimum
patient age of 18 to 20 and a maximum age of 75 to 80. Patients with extrahepatic disease
or signs of hepatic decompensation, including variceal bleedings, hepatic encephalopathy,
and significant ascites were typically excluded. Locoregional therapies other than TACE
often required that candidates were not eligible for TACE given the preference for this
treatment in BCLC guidelines. In the case of TACE, some studies required that patients
were treatment naïve, as prior chemotherapy can deplete liver reserve while preserving
relatively normal liver lab values. Studies were often variable on the inclusion of patients
with main portal vein thrombus, though multiple studies specifically examined these
populations. The extent of portal vein tumor thrombus involvement is specified where
appropriate. Some studies specified thresholds for various lab parameters, for example,
total bilirubin (<2–3 mg/dL, or 34.2–51 µmol/L), albumin (>2.7–2.8 mg/dL), and serum
alanine aminotransferase (<5–10× upper limit of normal). Hematologic parameters, for
example, thresholds for white blood cell counts to exclude active infection, hemoglobin
(>8–8.5 mg/dL) and platelets (>30,000–60,000 platelets/microliter) were included in some
studies. Differences in inclusion criteria between studies have the potential to influence
results. For example, comparisons of locoregional trials using lower total bilirubin cut-offs
correspond to longer survival times when compared to similar trials with more permissive
bilirubin cut-offs [15]. Prognostic factors that are commonly associated with improved
overall survival include ECOG 0, low tumor burden, and absence of cirrhosis, ascites, and
extrahepatic disease [16]. Results of the following trials are summarized below in Table 1.
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Table 1. Locoregional therapies for HCC with PVTT.

Study Type Size PVTT Treatment Outcomes

Luo 2011 [17] Prospective 164 Vp1–Vp4 TACE 12- and 24-mos. OS of 30.9% and
9.2%, downstaging in 10.7%

Zhu 2014 [18] Retrospective 91 Vp2, Vp3 TACE + sorafenib OS 14 mos

Yoon 2018 [19] RCT 90 Vp 2–Vp4 TACE + ERBT OS 13.8 mos, downstaging in
11.1%

Venerito 2020 [15] Meta-analysis 1243 Vp 2–Vp4 TARE Non-inferiority of TACE to
sorafenib

Garin 2015 [20] RCT 41 Vp 2–Vp4 Personalized Dosimetry
TARE

OS 22.9 mos, downstaging in
12.2%

Yang 2012 [21] RCT 104 Vp 1–Vp4 Cryotherapy + sorafenib OS 12.5 mos

Giorgio 2016 [22] RCT 99 Vp4 RFA + sorafenib 1-, 3-, and 5-year OS: 63%, 30%,
and 20%

Ding 2020 [23] Prospective 80 Vp1–Vp3 RFA + TACE + sorafenib OS 15.3 mos
Long 2016 [24] Prospective 109 Vp2–Vp4 MWA after TACE OS 13.5 mos

PVTT = portal vein tumor thrombus; RCT = randomized, controlled trial; TACE = transarterial chemoembolization; ERBT = external beam
radiotherapy; TARE = transarterial radioembolization; RFA = radiofrequency embolization; MWA = microwave ablation; downstaging
refers to the percentage of patients who were able to undergo resection or ablation following treatment.

2.2. Transarterial Chemoembolization

While the hepatic arteries are not the dominant blood supply to the liver, they are
the dominant supply to liver tumors (~90%) as a result of neoplastic angiogenesis. This
principle forms the basis of transarterial chemoembolization (TACE) and transarterial
radioembolization (TARE), which are catheter-directed locoregional therapies originally
developed in the 1960s and 70s [25,26]. In TACE, chemotherapy is administered through a
catheter to the hepatic arteries supplying the tumor. One method is conventional TACE
(c-TACE), wherein lipiodolized chemotherapy is administered followed by embolic beads.
The second method is to use drug-eluting beads (DEB-TACE), wherein the chemother-
apy and the embolic beads are combined, allowing for sustained release and improved
standardization of chemotherapy dosing [27]. While no differences in overall survival
have been demonstrated between these two therapies, DEB-TACE is associated with fewer
adverse events [28]. The most common side effect of these procedures is postemboliza-
tion syndrome (PES), which presents as self-limiting right upper quadrant pain, nausea,
fever, and elevated liver function tests. PES is attributed to tumor necrosis and tissue
ischemia and full recovery within seven to ten days is typical. Complications include
hepatic decompensation, renal injury, biliary injury, infection, and non-target embolization.

TACE has been the standard of care for intermediate disease (BCLC B) for the past two
decades, after the results of two randomized controlled trials demonstrated an increased
overall survival for patients treated with c-TACE (one trial used doxorubicin and one
used cisplatin) compared to embolization alone [29,30]. Currently, the most common
chemotherapeutic agent used for TACE is doxorubicin; mitomycin C and cisplatin are also
used.

In the setting of HCC with PVTT, the NCCN and BCLC guidelines recommend against
TACE due to concerns that arterial embolization in the setting of pre-existing occlusion of
the liver’s primary blood supply will result in severe ischemia and compromise remaining
liver function. However, the likelihood of this depends on multiple factors, including the
degree of cavernous transformation, the location of portal vein thrombus, and the location
of the tumor. As a result, multiple retrospective studies have demonstrated the safety of
TACE in the presence of both segmental and main PVTT [31–33]. Regarding the choice of
cTACE vs. DEB-TACE in the setting of PVTT, retrospective comparison has not revealed
significantly different overall survival [32].

The survival data for TACE in the setting of HCC with PVTT is limited, comprising
a meta-analysis showing improved overall survival in TACE vs. conservative manage-
ment [34] and a prospective trial showing improved overall survival in TACE vs. con-
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servative treatment in patients with both segmental and main PVTT (12- and 24-month
survival rates of 30.9% and 9.2% vs. 3.8% and 0%). Downstaging to partial resection or
ablation was achieved in 9 patients (10.7%) [17]. The weakness of both these studies is the
lack of comparison to the standard of care, systemic therapy. In comparisons of TACE plus
sorafenib vs. TACE alone in patients with segmental PVTT, retrospective studies and meta-
analyses demonstrate improved survival [18,35]. The strongest evidence to date for TACE
in the setting of HCC with PVTT comes from a recent RCT that demonstrated increased
overall survival using TACE plus external beam radiation therapy (ERBT) compared to
sorafenib (55 weeks vs. 43 weeks). In this study, 5 patients (11.1%) in the treatment arm
were downstaged to curative resection [19]. Given the sensitivity of liver parenchyma to
radiation, radiation damage was minimized by limiting ERBT administration to PVTT and
contiguous tumors using 3D conformational radiotherapy, as opposed to lobar or whole
organ radiation.

Recent and ongoing research in China explores the potential role for TACE in combi-
nation with other treatment modalities for HCC with PVTT. A recent retrospective study
of placement of a portal vein stent seeded with a radioisotope of iodine, 125I, followed by
TACE with sorafenib demonstrated a median overall survival of 10 months [36]. Ongoing
trials are exploring combinations of TACE with epirubicin and resection (NCT04619342)
and tumor recurrence rates after post-resection treatment with TACE vs. hepatic intraarte-
rial infusion of chemotherapy (NCT03192644).

2.3. Transarterial Radioembolization

TARE uses 30-micron resin or glass beads that have been embedded or coated with a
radioisotope of yttrium, 90Y [37]. Despite the name, this bead size is not large enough to
cause significant embolic effects—in fact, successful treatment requires continued arterial
blood flow. Once introduced, 90Y undergoes beta-decay causing radiation-induced damage
to cellular DNA repair mechanisms and ultimately, cell death. The most common side effect
of TARE is post-radiation syndrome, a set of non-specific symptoms including fatigue,
nausea, anorexia, and fever that can persist for up to two weeks in 20–70% of patients [38].
A less common side effect is radioembolization-induced liver disease (REILD), defined by
jaundice and ascites that persist 1–2 months after treatment without evidence of obstruction
or tumor progression and is associated with the presence of cirrhosis and non-cirrhotic
patients with prior exposure to systemic therapy [39]. Reported rates of REILD vary,
occurring in 0–11% of patients with HCC, 0–20% of patients with metastatic disease, and
dropping to 0–1% in randomized controlled trials for HCC and metastatic CRC [37].

TARE does not have a well-established role in the treatment algorithm for HCC, but
some authors argue that TARE and TACE should be interchangeable in the treatment
of intermediate HCC. Indeed, small-scale studies support similar outcomes for TARE in
intermediate HCC [40–42] and recent data from a large, observational study in Europe
reported a median overall survival of 16.5 months in unresectable HCC patients treated
with TARE [16].

Compared to TACE, there is less concern for severe ischemia when administering
TARE in the setting of PVTT, making it an appealing option for this patient population.
Initial prospective studies suggested a potential survival benefit for patients with PVTT
treated with TARE [40–43]. However, three RCTs that followed these promising findings
failed to demonstrate superiority compared to sorafenib, even when TARE was combined
with sorafenib [44–46]. One trial of TARE plus sorafenib vs. sorafenib is ongoing (STOP-
HCC, NCT 0155649). Despite these negative findings, these three trials were combined in a
meta-analysis that was adequately powered to demonstrate that TARE is non-inferior to
sorafenib and offers a better safety profile [15]. This analysis and others suggest there may
be a subset of patients with PVTT, specifically non-cirrhotic patients, patients with hepatitis
B-associated HCC, and patients with preserved functional status, who would benefit from
TARE over systemic therapy [47]. This is reflected in the most recent NCCN guidelines,
which state that TARE may be appropriate in the treatment of segmental or lobar PVTT [8].
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Another development in the use of TARE in HCC with PVTT is the concept of per-
sonalized dosimetry, also called boosted selective internal radiotherapy (B-SIRT). This
approach delivers a higher dose of radiation to the tumor than standard dosimetry
(>205 Gy vs. 120 Gy) without a significant increase in liver adverse events [48]. Building
on previous work, a recent phase II trial demonstrated improved overall survival in HCC
patients with PVTT treated with personalized dosimetry compared to standardized TARE
(22.9 vs. 9.5 months), with downstaging to resection in up to 12.2% of patients [20,48,49].
Dose increases for TARE in HCC with PVTT have developed in tandem with increased
dosing for TARE in HCC more generally; with data from the recent retrospective LEGACY
study supporting the use of 400 Gy [50].

The use of TARE for HCC doubled from 2010 to 2015 [47]. With increased operator
familiarity, the advent of personalized dosimetry, and patient data from randomized
controlled trials to date, it may be possible to demonstrate a survival advantage for TARE
over systemic therapy for patients with PVTT in the near future.

2.4. Ablation

Ablative strategies deliver thermal, chemical, or electrical energy to induce tumor
necrosis. In HCC, the most common ablation methods include radiofrequency ablation
(RFA), microwave ablation (MWA), and cryoablation. In these methods, a needle or probe
is placed percutaneously into the tumor and thermal energy is used to induce tumor
necrosis. RFA uses an electrode-tipped probe that emits an alternating current. It is most
effective for small tumors (<3 cm) that are not adjacent to large vessels like the portal
vein or hepatic hilum, as the flow within these vessels can act as a heat sink drawing off
the thermal energy needed for successful ablation. MWA uses an antenna to generate an
electromagnetic field that aligns nearby water molecules, producing thermal energy. In
contrast to RFA, MWA achieves target temperatures faster over a larger area, produces
more uniform heating zones, and is less susceptible to heat sink effects. Further, MWA
can achieve a larger ablation zone, as multiple probes can be placed simultaneously. In
cryoablation, hollow needles emit cold gas, which is then frozen to destroy tumor tissue.
Finally, irreversible electroporation (IRE) is a new ablative technology that induces cell
death using direct current to create holes in the cell membrane. The major side effect of
these therapies is a self-limiting post-ablation syndrome characterized by fever, malaise,
and chills that occurs in up to a third of patients in the week following embolization [51].
Major complications occur in less than 4% of patients and include bleeding, abscess, liver
failure, and damage to surrounding structures [52].

In HCC, ablation is a curative treatment option for very early and early stage HCC
(BCLC A) less than 3–4 cm. Multiple guidelines (European Association for the Study of
the Liver, Asian Pacific Association for the Study of the Liver, American Association for
the Study of Liver Diseases) recommend ablation for small single tumors and for patients
with early stage HCC who are not candidates for surgery [53]. In the current guidelines,
there is no role for ablation in patients with advanced disease, including those with PVTT.
However, case studies demonstrate that direct ablation of PVTT using a coaxial approach
is possible and can lead to high rates of portal vein recanalization [54]. Three RCTs over
the last decade demonstrate a survival benefit when ablation is added to the treatment
of HCC with PVTT. First, a comparison of cryotherapy plus sorafenib to sorafenib alone
demonstrated improved survival in patients with PVTT and Child–Pugh A or B (OS 12.5
vs. 8.6 months) [21]. Second, a comparison of RFA plus sorafenib to sorafenib alone in
patients with main PVTT and Child–Pugh A showed improved survival (1-, 3-, and 5-year
survival rates of 63%, 30%, and 20% vs. a 1-year survival rate of 0%) [22,54]. Finally,
a comparison of RFA, sorafenib and cTACE to sorafenib and cTACE demonstrated that
the addition of ablation led to improved survival (OS 468 days vs. 219 days) [23]. An
interesting prospective study of MWA following TACE for HCC with PVTT demonstrated
improved overall survival when compared to a historical cohort of patients treated with
TACE (13.5 vs. 9.5 months). Notably, this improvement was seen even with broad inclusion
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parameters that enrolled patients with extrahepatic disease, Child–Pugh Grade A and B,
and segmental and main PVTT [24].

3. Other Approaches to HCC with PVTT
3.1. Radiotherapy

External beam radiotherapy (EBRT) is not commonly used in HCC, as the liver as
a whole has low tolerance for radiation. However, the development of targeted EBRT
approaches such as 3D conformational radiation therapy (3DCRT), intensity-modulated
radiation therapy, and stereotactic body radiation (SBRT) that can be targeted to tumors
while sparing normal liver parenchyma has led to attempts to treat unresectable HCC
with external radiation. Further, the development of proton beam radiotherapy, which
delivers radiation directly to the target site while minimizing off-target radiation along the
entry and exit path allows for further precision [55]. These methods can be used to treat
PVTT alone, HCC within the hepatic parenchyma, or both. Prospective trials of SBRT with
protons or photons demonstrate acceptable tumor safety and evidence of tumor response
in patients with Child–Pugh A [56,57]. Retrospective work has demonstrated a role for
SBRT in patients with PVTT, demonstrating superior survival compared to conventionally
fractionated radiotherapy [58]. Many comparisons between SBRT and local approaches like
ablation are limited by their retrospective nature, but one recent RCT comparing proton
beam radiotherapy to radiofrequency ablation demonstrated non-inferiority [59]. Thus,
there may be a role for radiotherapy in the treatment of advanced HCC, though further
studies comparing these approaches to currently accepted therapies such as ablation and
TACE are needed.

3.2. Hepatic Intra-Arterial Infusion

Hepatic intra-arterial infusion chemotherapy (HAIC) is another treatment for ad-
vanced HCC and involves the percutaneous placement of a pump that delivers chemother-
apy to the entire liver. Placement requires exploratory laparotomy, cholecystectomy, and
devascularization of the distal stomach and proximal duodenum. While included in
Japanese treatment guidelines for advanced HCC [60], it is less commonly performed for
advanced HCC in the United States. In fact, recent phase 2 and 3 trials have failed to
demonstrate an improvement in overall survival for HAIC versus sorafenib in advanced
HCC. However, three recent studies suggest a role for HAIC in advanced HCC in the
setting of PVTT [61,62]. The first demonstrated improved overall survival in a comparison
of HAIC (cisplatin, 5-FU) versus sorafenib in HCC with PVTT (14.9 vs. 4.4 months) [63].
Another compared HAIC alone to sorafenib alone in patients with PVTT without extra-
hepatic disease, demonstrating improved overall survival (10.1 vs. 9.1 months), though
no improvement in overall survival was seen for patients with PVTT and extrahepatic
disease [61]. The strongest evidence comes from an RCT that demonstrated that sorafenib
plus HAIC of oxaliplatin, 5FU, and leucovorin (FOLFOX) improved overall survival com-
pared with sorafenib in patients with advanced HCC with portal vein invasion (13.4 vs.
7.1 months) [62].

In Korea, HAIC has also been combined with EBRT in a treatment approach termed
liver-directed concurrent chemo-radiotherapy (LD-CCRT). A retrospective study of 152 pa-
tients with main trunk or first order branch PVTT who underwent LD-CCRT demonstrated
an OS of 13.5 months, with downstaging to curative resection or transplant in 10.5% of
patients [64]. A prospective trial of 47 patients who underwent LD-CCRT followed by
systemic sorafenib demonstrated an overall survival of 13 months for patients with PVTT in
the main or first order portal vein [65]. Given the risk for toxicity from EBRT, this treatment
approach is best suited for patients with focal disease as opposed to multifocal or bilobar
disease.
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3.3. Resection

According to BCLC guidelines, resection is appropriate for patients with very early or
early stage disease, limited to three nodules 3 cm or less in size. While these guidelines
do not indicate a role for resection in HCC with PVTT, some studies suggest a role for
resection in patients with segmental portal vein involvement [66]. Much of this work comes
from Japan and China, where resection may be considered for HCC with PVTT. One such
retrospective study of over 6000 patients compared resection to other treatments in patients
with PVTT and found increased overall survival (2.9 vs. 1.1 years). Subgroup analysis
revealed a lack of benefit for patients with PVTT involving the main portal vein [67]. A
recent retrospective study from Germany found that survival increased by more than
two years for resection versus TACE or TARE in patients with PVTT distal to second
order branches (Vp1) (32.4 vs. 8.1 months) [68]. Given the high rates of recurrence after
resection [1], gains in survival from resection are maximized when used in conjunction
with locoregional or systemic therapies. In fact, RCTs from Asia, where PVTT is not
a contraindication to resection, have demonstrated a survival benefit when resection is
followed by TACE compared to TACE alone (13 vs. 9 months) [69,70]. Similarly, survival
improved when resection was followed by systemic chemotherapy (5.1 vs. 2.5 months) [71].

4. Conclusions

Treatment options for HCC with portal vein tumor thrombus have come a long way
in the last ten years. While official guidelines recommend systemic therapy for these
patients, there is growing evidence that locoregional approaches can offer significant gains
in survival for patients who were historically given a prognosis of 2 to 4 months, especially
in patients with PVTT sparing the main portal vein. While more randomized controlled
trials are needed, there is evidence to suggest that TACE is safe and effective in patients
with PVTT, and further, that the addition of TACE to sorafenib has the potential to prolong
survival in this patient population. Regarding TARE, it appears to be non-inferior to
systemic therapies in terms of survival, and advances in personalized dosimetry will
likely lead to further improvements in the near future. Ablation, too, can offer improved
outcomes for HCC with PVTT when combined with sorafenib and other locoregional
therapies. Developments in locoregional approaches, combined with developments in
systemic therapies and surgical approaches will continue to improve survival for patients
with HCC complicated by PVTT.

Author Contributions: K.E.Z.; writing—original draft preparation, M.S.M.; writing—review and
editing, supervision. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Llovet, J.M.; Kelley, R.K.; Villanueva, A.; Singal, A.G.; Pikarsky, E.; Roayaie, S.; Lencioni, R.; Koike, K.; Zucman-Rossi, J.; Finn, R.S.

Hepatocellular carcinoma. Nat. Rev. Dis. Prim. 2021, 7, 1–28.
2. Zhang, B.H.; Yang, B.H.; Tang, Z.Y. Randomized controlled trial of screening for hepatocellular carcinoma. J. Cancer Res. Clin.

Oncol. 2004, 130, 417–422. [CrossRef]
3. Llovet, J.M.; Fuster, J.; Bruix, J. The Barcelona approach: Diagnosis, staging, and treatment of hepatocellular carcinoma. Liver

Transplant. 2004, 10, S115–S120. [CrossRef]
4. Valla, D.C.; Condat, B. Portal vein thrombosis in adults: Pathophysiology, pathogenesis and management. J. Hepatol. 2000, 32,

865–871. [CrossRef]
5. Mantaka, A.; Augoustaki, A.; Kouroumalis, E.A.; Samonakis, D.N. Portal vein thrombosis in cirrhosis: Diagnosis, natural history,

and therapeutic challenges. Ann. Gastroenterol. 2018, 31, 315. [CrossRef] [PubMed]
6. Cerrito, L.; Annicchiarico, B.E.; Iezzi, R.; Gasbarrini, A.; Pompili, M.; Ponziani, F.R. Treatment of hepatocellular carcinoma in

patients with portal vein tumor thrombosis: Beyond the known frontiers. World J. Gastroenterol. 2019, 25, 4360. [CrossRef]
7. Lim, J.; Kim, H.I.; Kim, E.; Kim, J.; An, J.; Chang, S.; Kim, S.O.; Lee, H.C.; Lee, Y.S.; Shim, J.H. Variceal bleeding is aggravated by

portal venous invasion of hepatocellular carcinoma: A matched nested case-control study. BMC Cancer 2021, 21, 1–10. [CrossRef]
[PubMed]

http://doi.org/10.1007/s00432-004-0552-0
http://doi.org/10.1002/lt.20034
http://doi.org/10.1016/S0168-8278(00)80259-7
http://doi.org/10.20524/aog.2018.0245
http://www.ncbi.nlm.nih.gov/pubmed/29720857
http://doi.org/10.3748/wjg.v25.i31.4360
http://doi.org/10.1186/s12885-020-07708-1
http://www.ncbi.nlm.nih.gov/pubmed/33402105


Cancers 2021, 13, 5430 10 of 12

8. National Comprehensive Cancer Network. Hepatobiliary Cancers (Version 5.2021). Available online: https://www.nccn.org/
professionals/physician_gls/pdf/hepatobiliary.pdf (accessed on 28 October 2021).

9. Llovet, J.M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.-F.; de Oliveira, A.C.; Santoro, A.; Raoul, J.-L.; Forner, A.; et al.
Sorafenib in Advanced Hepatocellular Carcinoma. N. Engl. J. Med. 2008, 359, 378–390. [CrossRef] [PubMed]

10. Cheng, A.L.; Kang, Y.K.; Chen, Z.; Tsao, C.J.; Qin, S.; Kim, J.S.; Luo, R.; Feng, J.; Ye, S.; Yang, T.S.; et al. Efficacy and safety of
sorafenib in patients in the Asia-Pacific region with advanced hepatocellular carcinoma: A phase III randomised, double-blind,
placebo-controlled trial. Lancet Oncol. 2009, 10, 25–34. [CrossRef]

11. Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.-Y.; Kudo, M.; Breder, V.; Merle, P.; Kaseb, A.O.; et al. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. J. Med. 2020, 382, 1894–1905. [CrossRef]

12. Ikai, I.; Kudo, M.; Arii, S.; Omata, M.; Kojiro, M.; Sakamoto, M.; Takayasu, K.; Hayashi, N.; Makuuchi, M.; Matsuyama, Y.; et al.
Report of the 18th follow-up survey of primary liver cancer in Japan. Hepatol. Res. 2010, 40, 1043–1059. [CrossRef]

13. Shi, J.; Lai, E.C.H.; Li, N.; Guo, W.X.; Xue, J.; Lau, W.Y.; Wu, M.C.; Cheng, S.Q. A new classification for hepatocellular carcinoma
with portal vein tumor thrombus. J. Hepato-Biliary-Pancreat. Sci. 2011, 18, 74–80. [CrossRef] [PubMed]

14. Xu, J.; Liu, X.; Wang, S.; Wen, H. Surgical treatment for hepatocellular carcinoma with portal vein tumor thrombus: A novel
classification. World J. Surg. Oncol. 2015, 13, 86. [CrossRef]

15. Venerito, M.; Pech, M.; Canbay, A.; Donghia, R.; Guerra, V.; Chatellier, G.; Pereira, H.; Gandhi, M.; Malfertheiner, P.; Chow,
P.K.H.; et al. NEMESIS: Noninferiority, individual-patient metaanalysis of selective internal radiation therapy with 90Y resin
microspheres versus sorafenib in advanced hepatocellular Carcinoma. J. Nucl. Med. 2020, 61, 1736–1742. [CrossRef]

16. Helmberger, T.; Golfieri, R.; Pech, M.; Pfammatter, T.; Arnold, D.; Cianni, R.; Maleux, G.; Munneke, G.; Pellerin, O.; Peynircioglu,
B.; et al. Clinical Application of Trans-Arterial Radioembolization in Hepatic Malignancies in Europe: First Results from the
Prospective Multicentre Observational Study CIRSE Registry for SIR-Spheres Therapy (CIRT). Cardiovasc. Intervent. Radiol. 2021,
44, 21–35. [CrossRef] [PubMed]

17. Luo, J.; Guo, R.P.; Lai, E.C.H.; Zhang, Y.J.; Lau, W.Y.; Chen, M.S.; Shi, M. Transarterial chemoembolization for unresectable
hepatocellular carcinoma with portal vein tumor thrombosis: A prospective comparative study. Ann. Surg. Oncol. 2011, 18,
413–420. [CrossRef]

18. Zhu, K.; Chen, J.; Lai, L.; Meng, X.; Zhou, B.; Huang, W.; Cai, M.; Shan, H. Hepatocellular carcinoma with portal vein tumor
thrombus: Treatment with transarterial chemoembolization combined with sorafenib—A retrospective controlled study. Radiology
2014, 272, 284–293. [CrossRef] [PubMed]

19. Yoon, S.M.; Ryoo, B.-Y.; Lee, S.J.; Kim, J.H.; Shin, J.H.; An, J.H.; Lee, H.C.; Lim, Y.-S. Efficacy and Safety of Transarterial
Chemoembolization plus External Beam Radiotherapy vs. Sorafenib in Hepatocellular Carcinoma with Macroscopic Vascular
Invasion: A Randomized Clinical Trial. JAMA Oncol. 2018, 4, 661. [CrossRef]

20. Garin, E.; Rolland, Y.; Edeline, J.; Icard, N.; Lenoir, L.; Laffont, S.; Mesbah, H.; Breton, M.; Sulpice, L.; Boudjema, K.; et al.
Personalized dosimetry with intensification using90Y-loaded glass microsphere radioembolization induces prolonged overall
survival in hepatocellular carcinoma patients with portal vein thrombosis. J. Nucl. Med. 2015, 56, 339–346. [CrossRef]

21. Yang, Y.; Lu, Y.; Wang, C.; Bai, W.; Qu, J.; Chen, Y.; Chang, X.; An, L.; Zhou, L.; Zeng, Z.; et al. Cryotherapy is Associated with
Improved Clinical Outcomes of Sorafenib Therapy for Advanced Hepatocellular Carcinoma. Cell Biochem. Biophys. 2012, 63,
159–169. [CrossRef]

22. Giorgio, A.; Merola, M.G.; Montesarchio, L.; Merola, F.; Santoro, B.; Coppola, C.; Gatti, P.; Amendola, F.; Di Sarno, A.; Calvanese,
A.; et al. Sorafenib combined with radio-frequency ablation compared with sorafenib alone in treatment of hepatocellular
carcinoma invading portal vein: A western randomized controlled trial. Anticancer Res. 2016, 36, 6179–6183. [CrossRef]

23. Ding, X.; Sun, W.; Chen, J.; Li, W.; Shen, Y.; Guo, X.; Teng, Y.; Liu, X.; Sun, S.; Wei, J.; et al. Percutaneous Radiofrequency Ablation
Combined With Transarterial Chemoembolization Plus Sorafenib for Large Hepatocellular Carcinoma Invading the Portal Venous
System: A Prospective Randomized Study. Front. Oncol. 2020, 10, 2278. [CrossRef] [PubMed]

24. Long, J.; Zheng, J.; Sun, B.; Lu, N. Microwave ablation of hepatocellular carcinoma with portal vein tumor thrombosis after
transarterial chemoembolization: A prospective study. Hepatol. Int. 2016, 10, 175–184. [CrossRef]

25. Guan, Y.-S.; He, Q.; Wang, M.-Q. Transcatheter Arterial Chemoembolization: History for More than 30 Years. ISRN Gastroenterol.
2012, 2012, 1–8. [CrossRef] [PubMed]

26. Bouvry, C.; Palard, X.; Edeline, J.; Ardisson, V.; Loyer, P.; Garin, E.; Lepareur, N. Transarterial radioembolization (TARE) agents
beyond 90 Y-microspheres. Biomed. Res. Int. 2018, 2018, 1435302. [CrossRef]

27. Renzulli, M.; Peta, G.; Vasuri, F.; Marasco, G.; Caretti, D.; Bartalena, L.; Spinelli, D.; Giampalma, E.; D’Errico, A.; Golfieri, R.
Standardization of conventional chemoembolization for hepatocellular carcinoma. Ann. Hepatol. 2021, 22, 100278. [CrossRef]

28. Liu, Y.S.; Lin, C.Y.; Chuang, M.T.; Lin, C.Y.; Tsai, Y.S.; Wang, C.K.; Ou, M.C. Five-year outcome of conventional and drug-eluting
transcatheter arterial chemoembolization in patients with hepatocellular carcinoma. BMC Gastroenterol. 2018, 18, 1–9. [CrossRef]

29. Llovet, J.M.; Real, M.I.; Montaña, X.; Planas, R.; Coll, S.; Aponte, J.; Ayuso, C.; Sala, M.; Muchart, J.; Solà, R.; et al. Arterial
embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: A
randomised controlled trial. Lancet 2002, 359, 1734–1739. [CrossRef]

30. Lo, C.M.; Ngan, H.; Tso, W.K.; Liu, C.L.; Lam, C.M.; Poon, R.T.P.; Fan, S.T.; Wong, J. Randomized controlled trial of transarterial
Lipiodol chemoembolization for unresectable hepatocellular carcinoma. Hepatology 2002, 35, 1164–1171. [CrossRef]

https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf
http://doi.org/10.1056/NEJMoa0708857
http://www.ncbi.nlm.nih.gov/pubmed/18650514
http://doi.org/10.1016/S1470-2045(08)70285-7
http://doi.org/10.1056/NEJMoa1915745
http://doi.org/10.1111/j.1872-034X.2010.00731.x
http://doi.org/10.1007/s00534-010-0314-0
http://www.ncbi.nlm.nih.gov/pubmed/20686792
http://doi.org/10.1186/s12957-015-0493-x
http://doi.org/10.2967/jnumed.120.242933
http://doi.org/10.1007/s00270-020-02642-y
http://www.ncbi.nlm.nih.gov/pubmed/32959085
http://doi.org/10.1245/s10434-010-1321-8
http://doi.org/10.1148/radiol.14131946
http://www.ncbi.nlm.nih.gov/pubmed/24708192
http://doi.org/10.1001/jamaoncol.2017.5847
http://doi.org/10.2967/jnumed.114.145177
http://doi.org/10.1007/s12013-012-9353-2
http://doi.org/10.21873/anticanres.11211
http://doi.org/10.3389/fonc.2020.578633
http://www.ncbi.nlm.nih.gov/pubmed/33194699
http://doi.org/10.1007/s12072-015-9673-6
http://doi.org/10.5402/2012/480650
http://www.ncbi.nlm.nih.gov/pubmed/22966466
http://doi.org/10.1155/2018/1435302
http://doi.org/10.1016/j.aohep.2020.10.006
http://doi.org/10.1186/s12876-018-0848-1
http://doi.org/10.1016/S0140-6736(02)08649-X
http://doi.org/10.1053/jhep.2002.33156


Cancers 2021, 13, 5430 11 of 12

31. Pinter, M.; Hucke, F.; Graziadei, I.; Vogel, W.; Maieron, A.; Königsberg, R.; Stauber, R.; Grünberger, B.; Müller, C.; Kölblinger, C.;
et al. Advanced-stage hepatocellular carcinoma: Transarterial chemoembolization versus sorafenib. Radiology 2012, 263, 590–599.
[CrossRef] [PubMed]

32. Gorodetski, B.; Chapiro, J.; Schernthaner, R.; Duran, R.; Lin, M.; Lee, H.; Lenis, D.; Stuart, E.A.; Nonyane, B.A.S.; Pekurovsky,
V.; et al. Advanced-stage hepatocellular carcinoma with portal vein thrombosis: Conventional versus drug-eluting beads
transcatheter arterial chemoembolization. Eur. Radiol. 2016, 27, 526–535. [CrossRef] [PubMed]

33. Chung, G.E.; Lee, J.H.; Kim, H.Y.; Hwang, S.Y.; Kim, J.S.; Chung, J.W.; Yoon, J.H.; Lee, H.S.; Kim, Y.J. Transarterial chemoem-
bolization can be safely performed in patients with hepatocellular carcinoma invading the main portal vein and may improve the
overall survival. Radiology 2011, 258, 627–634. [CrossRef]

34. Xue, T.-C.; Xie, X.-Y.; Zhang, L.; Yin, X.; Zhang, B.-H.; Ren, Z.-G. Transarterial chemoembolization for hepatocellular carcinoma
with portal vein tumor thrombus: A meta-analysis. BMC Gastroenterol. 2013, 13, 1–9. [CrossRef] [PubMed]

35. Zhang, X.P.; Wang, K.; Wang, M.; Yang, G.; Ye, X.F.; Wu, M.C.; Cheng, S.Q. Transarterial chemoembolization (TACE) combined
with sorafenib versus TACE for hepatocellular carcinoma with portal vein tumor thrombus: A systematic review and meta-
analysis. Oncotarget 2017, 8, 29416–29427. [CrossRef]

36. Li, S.; Li, L.; Li, B.; Wang, W. Safety and efficacy of endovascular implantation of a portal vein stent combined with iodine-125
seed-strips followed by transcatheter arterial chemoembolization with sorafenib for the treatment of hepatocellular carcinoma
with portal vein tumor thrombosis. Br. J. Radiol. 2020, 93, 20190279. [CrossRef] [PubMed]

37. Mikell, J.K.; Dewaraja, Y.K.; Owen, D. Transarterial Radioembolization for Hepatocellular Carcinoma and Hepatic Metastases:
Clinical Aspects and Dosimetry Models. Semin. Radiat. Oncol. 2020, 30, 68–76. [CrossRef]

38. Riaz, A.; Awais, R.; Salem, R. Side Effects of Yttrium-90 Radioembolization. Front. Oncol. 2014, 4, 198. [CrossRef]
39. Gil-Alzugaray, B.; Chopitea, A.; Iñarrairaegui, M.; Bilbao, J.I.; Rodriguez-Fraile, M.; Rodriguez, J.; Benito, A.; Dominguez, I.;

D’Avola, D.; Herrero, J.I.; et al. Prognostic factors and prevention of radioembolization-induced liver disease. Hepatology 2013, 57,
1078–1087. [CrossRef]

40. Salem, R.; Lewandowski, R.J.; Mulcahy, M.F.; Riaz, A.; Ryu, R.K.; Ibrahim, S.; Atassi, B.; Baker, T.; Gates, V.; Miller, F.H.; et al.
Radioembolization for Hepatocellular Carcinoma Using Yttrium-90 Microspheres: A Comprehensive Report of Long-term
Outcomes. Gastroenterology 2010, 138, 52–64. [CrossRef]

41. Salem, R.; Gordon, A.C.; Mouli, S.; Hickey, R.; Kallini, J.; Gabr, A.; Mulcahy, M.F.; Baker, T.; Abecassis, M.; Miller, F.H.;
et al. Y90 Radioembolization Significantly Prolongs Time to Progression Compared with Chemoembolization in Patients With
Hepatocellular Carcinoma. Gastroenterology 2016, 151, 1155–1163.e2. [CrossRef] [PubMed]

42. Hilgard, P.; Hamami, M.; Fouly, A.E.; Scherag, A.; MüLler, S.; Ertle, J.; Heusner, T.; Cicinnati, V.R.; Paul, A.; Bockisch, A.; et al.
Radioembolization with yttrium-90 glass microspheres in hepatocellular carcinoma: European experience on safety and long-term
survival. Hepatology 2010, 52, 1741–1749. [CrossRef]

43. Sangro, B.; Carpanese, L.; Cianni, R.; Golfieri, R.; Gasparini, D.; Ezziddin, S.; Paprottka, P.M.; Fiore, F.; Van Buskirk, M.; Ignacio
Bilbao, J.; et al. Survival after Yttrium-90 resin microsphere radioembolization of hepatocellular carcinoma across Barcelona clinic
liver cancer stages: A European evaluation. Hepatology 2011, 54, 868–878. [CrossRef] [PubMed]

44. Vilgrain, V.; Pereira, H.; Assenat, E.; Guiu, B.; Ilonca, A.D.; Pageaux, G.P.; Sibert, A.; Bouattour, M.; Lebtahi, R.; Allaham, W.;
et al. Efficacy and safety of selective internal radiotherapy with yttrium-90 resin microspheres compared with sorafenib in locally
advanced and inoperable hepatocellular carcinoma (SARAH): An open-label randomised controlled phase 3 trial. Lancet Oncol.
2017, 18, 1624–1636. [CrossRef]

45. Chow, P.K.H.; Gandhi, M.; Tan, S.B.; Khin, M.W.; Khasbazar, A.; Ong, J.; Choo, S.P.; Cheow, P.C.; Chotipanich, C.; Lim, K.; et al.
SIRveNIB: Selective internal radiation therapy versus sorafenib in Asia-Pacific patients with hepatocellular carcinoma. J. Clin.
Oncol. 2018, 36, 1913–1921. [CrossRef] [PubMed]

46. Ricke, J.; Klümpen, H.J.; Amthauer, H.; Bargellini, I.; Bartenstein, P.; de Toni, E.N.; Gasbarrini, A.; Pech, M.; Peck-Radosavljevic, M.;
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