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Abstract

Hepatocellular carcinoma (HCC) is the most common type of liver cancer with a
high mortality rate worldwide. The percentage of HCC patients with vascular
invasion is high. However, tumor thrombus in the hepatic vein (HVTT) has a
lower incidence than tumor thrombus in the portal vein (PVTT). Conventionally,
HCC patients with HVTT are treated the same as HCC patients with PVTT and
offered sorafenib or other systemic agents. However, according to recent studies,
it is evident that HCC with HVTT shows different outcomes when classified into
different subgroups. In this review, we discuss the recent progress and changes in
treatment of HCC with HVTT.

Key Words: Hepatocellular carcinoma; Vascular invasion; Surgery; Transarterial
chemoembolization

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Vascular invasion or tumor thrombus in hepatocellular carcinoma (HCC)
patients is very common. Vascular invasion includes two different types, i.e., tumor
thrombosis in the portal vein (PVTT) or hepatic vein (HVTT). Compared with PVTT,
HVTT is found with a lower incidence. Most of published studies are concentrated on
HCC with PVTT. Recent studies have proved magnificent prognostic results in HCC
patients with HVTT. Several classifications have been proposed to gauge the
prognoses of HVTT. Although further investigations are needed, expanding treatment
options including hepatectomy, radiotherapy, radioembolization, and systemic
treatment are reported to improve the outcomes of patients with HVTT.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common type of liver cancer with a high
mortality rate worldwide. The percentage of HCC patients with vascular invasion at
the time of initial HCC diagnosis is 10%-40%[1-3]. According to the American
Association for the Study of Liver Disease/Barcelona Clinic for Liver Cancer
(AASLD/BCLC) staging system and treatment guidelines, HCC associated with
vascular invasion or bile duct invasion is regarded as an advanced stage. The only
suggested treatment for such patients is systematic treatment, such as sorafenib or
lenvatinib. However, the median survival time of these patients is very unsatisfactory.
A larger tumor size, increased tumor number, higher tumor grade, worse Child-Pugh
class, and higher serum alpha-fetoprotein are usually considered concomitant factors
with tumor thrombosis. When these factors cooccur with tumor thrombi, the patients
are usually reported to have a poor prognosis and a high recurrence rate even after RO
resection.

Due to recent advances in surgical techniques and perioperative management, liver
resection combined with thrombectomy or radiation therapy has been used in selected
HCC patients with tumor thrombus. In addition to curative-intent surgery, transar-
terial chemoembolization (TACE), external beam radiation, or combined treatment
have also been adopted in HCC patients with vascular invasion. However, their
treatment efficacy is still controversial.

Vascular invasion includes two different types, i.e., tumor thrombosis in the portal
vein (PVTT) or in the hepatic vein (HVTT)[4]. Depending on the different locations of
the tumor thrombus, the complications caused by the tumor thrombus might be
different. Intrahepatic metastasis and increased portal pressure are usually seen in
HCC patients with PVTT. However, in HCC patients with HVTT, the most lethal
complications might be the formation of a tumor thrombus in the inferior vena cava
(IVQ), intrapulmonary dissemination, pulmonary embolism, or even sudden death[4,
5]. Compared with HCC patients with PVTT, patients with only HVTT have different
outcomes[6].

According to recent studies, several attempts have been made to develop alternative
or combination treatments to improve the overall survival of patients with HCC with
HVTT. In the present review, we aims to briefly describe the classification of HVTT
and evaluate the available evidence for the efficiency of diverse treatment modalities.

CLASSIFICATIONS OF HVTT

With recent improvements in surgical techniques or nonsurgical techniques (TACE
and external beam radiation), treatment modalities for patients with tumor thrombi in
the hepatic vein or IVC have shown varied results among different institutions. To
devise the best treatment strategy, a universally accepted classification of HVTT or
IVC tumor thrombosis is urgently needed.

In contrast to portal vein tumor thrombi, tumor thrombi in the hepatic vein/ IVC
have a lower incidence. Classification systems have been proposed recently. Kokudo et
al[6] proposed a classification system that classified HVTT into three different types:
Peripheral hepatic vein (pHVTT, VV1), major hepatic vein (mHVTT, VV2), and IVC
(VV3) (Figure 1A). According to Kokudo et al[4]’s study, the median survival times
after resection in the VV1, VV2 and VV3 groups were 5.27 years, 3.95 years, and 1.39
years, respectively. However, in a subsequent study by Kokudo et al[4], after curative
resection, the median survival time was similar between patients with HVTT in the
peripheral hepatic vein and those with HVTT in the major hepatic vein (4.85 vs 4.67
years, P = 0.974). Therefore, the prognostic value of classifying patients into VV1 and
VV2 was limited.

Recently, Chen et al[7] proposed another classification system for HCC patients with
HVTT. This new classification system was defined as follows: Type I, tumor
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thrombosis involving the hepatic vein, including microvascular invasion; type II,
tumor thrombosis involving the retrohepatic segment of the IVC; and type III, tumor
thrombosis involving the supradiaphragmatic segment of the IVC[7] (Figure 1B). In
this new classification system, type I HVTT includes Kokudo et al[4]’s VV1 and VV2
types. The VV3 type is divided into two types (type II and type III) by whether the
tumor thrombosis involves the supradiaphragmatic segment of the IVC.

According to Chen et al[7]’s report, the time-dependent receiver operating charac-
teristic curve area analysis of this new classification system showed better prediction
of overall survival (OS) than the other staging systems. The 1-, 2-, and 3-year OS rates
for types I to IIl HVTT were 79.5%, 58.6%, and 29.1%; 54.8%, 23.3%, and 13.8%; and
24.0%,10.0%, and 2.1%, respectively[7]. Based on the studies published, Chen et al[7]’s
classification for HVTT is more reasonable. Except for better prognostic value, Chen et
al[7]’s classification also showed wider usage in practice, because tumor thrombus in
peripheral hepatic veins, especially in secondary or tertiary hepatic vein, could be
ignored sometimes in radiological examination.

CURATIVE SURGERY

The survival rate is poor for HCC patients with macrovascular invasion. Surgical
treatment is generally not suggested because the tumor cells might have spread
throughout the whole body, and the survival time is only 2.7-4 mo after diagnosis[8].
Despite the poor prognosis of HCC patients with HVTT or IVC, liver resection
combined with thrombectomy is still generally assumed to be a hazardous and
complex procedure with a high morbidity of 40% and high mortality of 15%[9,10].
However, with improved techniques of total hepatic vascular exclusion (THVE) and
better selection of patients, hepatectomy and thrombectomy can be performed with
improved safety for resectable HCC patients with tumor thrombosis in the hepatic
vein, the IVC, or even the right atrium (RA)[10-14].

The two common modes of surgery are hepatectomy combined with tumor
thrombectomy and en bloc resection of the thrombus. Intraoperative ultrasound is
necessary and should be performed to detect additional lesions as well as the tumor
thrombus in the portal vein, hepatic vein, and IVC. According to most reports, for
HCC patients with a peripheral hepatic vein thrombus, HVTT is usually confined to
one hepatic lobe, and en bloc resection of the whole hepatic lobe might be sufficient[5,
7]. However, for HCC patients with tumor thrombi in the IVC or RA, effective control
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of intraoperative hemorrhage might be more crucial and effective.

Before hepatectomy, the infrahepatic and suprahepatic IVC should be exposed and
encircled with umbilical tape for THVE[15]. Before the initiation of THVE, test
clamping of the IVC should be performed to check whether the hemodynamic
instability could be sustained. Otherwise, a venous bypass should be conducted[10,
15]. If the tumor thrombus extends above the diaphragm, the supradiaphragmatic IVC
should be exposed, encircled, and controlled with tape after a vertical incision is made
in the diaphragm][16]. If the IVC tumor thrombus extends into the RA, extracorporeal
circulation might be necessary[7,10,15].

During surgery, the liver should be handled gently to prevent the dissemination of
tumor thrombi or pulmonary embolism, especially when the thrombus has a long and
thin neck. Only after THVE is initiated could thrombectomy be conducted. If the
tumor thrombus invades the wall of the IVC or RA, the tumor-involved wall should be
resected together with the thrombus. Then, the wall of the IVC or RA should be
repaired by direct continuous sutures or artificial grafting[10]. Typically, the exclusion
duration is considered to be safe if it is less than 60 min. However, according to Elias’s
report, by alternating 15-20 min of vascular clamping with 5 min of release, the
duration of exclusion could be extended to 120 min[5,17]. With the common combined
presence of liver cirrhosis and hepatic steatosis in Asia, the duration of exclusion
should be controlled within the prespecified duration[5]. However, it is not clear to
what extent the exclusion duration should be controlled and this aspect should be
discussed further[18].

To date, there is no worldwide consensus on the management of HCC associated
with macroscopic vascular thrombi. Recently, an increasing number of studies have
reported that surgical treatment can significantly prolong the survival of HCC patients
with PVTT. However, there are few reports on the surgical treatment of HCC
combined with HVTT (Table 1). This is probably because HVTT is relatively rare
compared with PVTT and it requires more complicated surgical techniques. In 2012,
Liu et al[5] reported a study with 65 HCC patients with tumor thrombi in the hepatic
vein/IVC. After surgery, the median overall survival and recurrence-free survival
reached 17 and 14 mo, respectively. In the following studies, although the patient
number was still limited, selected patients with tumor thrombi in RA underwent
hepatectomy combined with thrombectomy[10,15,19]. The median overall survival
time was nearly the same as that in Liu’s report. In 2014, Kokudo ef al[6] reported a
retrospective study that might be one of largest single-center series of HVTT with
standardized surgical resection. A total of 187 patients with HVTT were treated. The
median survival time of patients with pHVTT and mHVTT was prolonged to 5.27 and
3.95 years, respectively, with a difference that was not statistically significant. In
patients with tumor thrombus in the IVC, the median overall survival time after
surgery was 1.39 years, which was significantly shorter than that in the pHVTT and
mHVTT groups.

The risk factors for a reduced overall survival of patients with HVTT after surgery
include tumor thrombus in the IVC and R1/2 resection. Concerning the time to
recurrence, Child-Pugh class B and the number of tumors were identified as risk
factors. The presence of PVTT was found to have a high rate of coexistence in all of the
above studies (Table 1); however, it was not identified as a risk factor for overall
survival or disease-free survival[6,10,15]. In 2019, Chen et al[7] proposed a new classi-
fication for HCC with hepatic vein tumor thrombus. In this study, tumor diameter,
albumin level, coexistence of PVTT, types of HVTT and treatment modality were risk
factors for OS. Although the results showed little difference compared with Kokudo et
al[4]’s study, the overall survival after hepatectomy and thrombectomy showed better
results compared with earlier reports. Compared with other nonsurgical treatments,
surgery and thrombectomy can provide a better prognosis in selected patients with
tumor thrombi in the hepatic vein[4,7]. For patients with tumor thrombi in the IVC or
RA, the overall survival showed similar results between surgery and nonsurgical
treatment[4]. The surgical indications for HCC patients with tumor thrombi in the IVC
or RA still need further discussion.

TACE/HEPATIC ARTERIAL INFUSION CHEMOTHERAPY

According to the BCLC staging system, HCC patients with macrovascular invasion are
considered to be at an advanced stage, and only sorafenib or conservative treatment is
suggested[20]. For HCC patients with HVTT, due to the modest efficacy of sorafenib,
lung metastasis, secondary Budd-Chiari syndrome, and even heart failure may occur,
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Table 1 Retrospective study published concentrating on surgical treatment for hepatocellular carcinoma patients with tumor thrombus

in hepatic vein

Location of .
Patient :
Ref. Treatment tumor 0s Prognostic factors
number
thrombus
Chenetal  Surgery, TACE, supportive HV, IVC 437 27.1 mo for type 1,15 mo for ~ HVTT classification, treatment modality,
[71, 2020 treatment type 2; 8 mo for type 3 coexistence of PVTT, total bilirubin,
tumor diameter
Kokudo et  Surgical vs no surgical HV, IVC 651 vs 615 4.47 yr vs 1.58 yr in In pHVTT/mHVTT, PVTT, number of
al[4], 2017 pHVTT/mHVTT; 1.48 yr vs tumors, gastroesophageal varcices, poor
0.84 yr in IVCTT cell differentiation

Lietal[14], Hepatectomy en bloc vs HYV or portal 28 vs 28 14.3 mo vs 10.4 mo Preoperative AFP level, treatment choice
2015 hepatectomy combined with vein

suction of tumor thrombus
Kokudo et  Hepatectomy combined withor ~ HV, IVC 174 5.27 yr for pHVTT; 3.95 yr for ~ Location of tumor thrombus, R1/2
al[6],2014  without thrombectomy mHVTT; 1.39 yr for IVCTT resection
Wangetal Hepatectomy and tumor IVC or RA 259520 vs 19 mo vs 4 mo vs 5 mo Number of tumor nodules, treatment
[12], 2013 thrombectomy vs TACE vs 11 choice

symptomatic treatment
Liu et al[5], Hepatectomy and tumor RHV or IVC 65 vs 50 18 mo vs 7 mo Not mentioned
2012 thrombectomy vs TACE +

chemotherapy

TACE: Transarterial chemoembolization; RHA: Right hepatic vein; HV: Hepatic vein; IVC: Inferior vena cava; RA: Right atrium; pHVTT: Peripheral
hepatic vein tumor thrombus; mHVTT: Major hepatic vein tumor thrombus; IVCTT: Inferior vena cava tumor thrombus.

and the prognosis is very poor[21,22]. To achieve a better outcome and less damage to
liver function, several alternative nonsurgical treatments have been proposed. TACE
and hepatic arterial infusion chemotherapy (HAIC) are two important nonsurgical
treatments that should not be ignored.

TACE takes advantage of relatively selective arterial vascularization of hepatic
tumors[23]. This technique is considered to be the primary treatment for HCC patients
who are considered inoperable and without contraindications[24]. In the Asian
guidelines for HCC[25,26], TACE could be applied in patients without main portal
vein invasion. However, for patients with HVTT, the prognostic value of TACE is still
unclear. The median overall survival was reported to be between 6.5 mo and 1.61 years
in HCC patients with HVTT treated with TACE alone[4,19,22]. When compared with
liver resection, most studies showed that patients with HVTT who underwent TACE
have a worse prognosis[4,7,19]. Potential selection bias was sometimes suggested to
account for this result. However, in Kokudo ef al[4]’s study, after a 1:1 propensity
match between the surgical group and the nonsurgical group, TACE still provided a
worse overall survival and disease-free survival in any type of HCC patient with
HVTT[4]. In addition, in a comparison of patients who underwent hepatic resection
with those who attained a partial/complete response after TACE, no significant
difference in prognosis was found between surgery and TACE[19]. Therefore, it may
be possible to increase the efficacy of TACE with improved selection criteria and by
combining different treatments.

HAIC has been reported to have substantial efficacy for advanced HCC[27,28].
However, most of the studies based on HAIC have mainly focused on PVTT[29-31]. 5-
fluorouracil and systemic interferon or cisplatin have been reported to be some of the
most effective combination chemotherapies for HCC with PVTT[32,33]. Several studies
have shown a high response rate of 40% to 50% for advanced HCC[28,34]. Studies
concentrated on HAIC treatment of HCC patients with HVTT are rare. According to
Murakami ef al[35]'s report, the intrahepatic response rate to HAIC was 30%, with a
median survival time of 7.9 mo to 1.2 years[4]. This prognosis is still poor and nearly
the same as that of patients treated with TACE. However, for HCC patients with
HVTT who attained a partial/complete response from HAIC or sorafenib treatment,
the median OS was extended to 26.1 mo. The median OS was limited to 10.4 mo
among patients who showed no response[36]. When HAIC was combined with
radiotherapy, the treatment effective rate for HVTT could be increased from 37% to
79% in a study with only a small sample size[35]. Although the number of studies
focused on HAIC in HCC patients with HVTT is limited, HAIC was still shown to
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improve the prognosis of HCC patients when combined with other treatments.

RADIOTHERAPY

External beam radiation therapy (EBRT) for HCC was first introduced in the 1990s
[37]. ERBT is not recommended as a first-line treatment for HCC with vascular
invasion by some international consensuses, including BCLC[20]. This is probably
because the liver is usually considered highly radiosensitive. It is challenging to
deliver a sufficiently high dose of radiation without excessive hepatotoxicity.
However, as a result of advances in EBRT, such as 3-D confocal radiation planning and
breath control management, EBRT now plays an important role in the treatment of
HCC[38,39]. In a recently published liver cancer staging system in China, radiation
therapy was suggested as an effective treatment for patients with HVTT[26].
According to published studies, the median radiation dose ranged from 48 to 60 Gy
[40]. Radiation therapy could target tumor thrombi only or both tumor thrombi and
the main tumor lesion[41,42]. The reported median survival time ranged from 5.6-25.4
mo[41-43] and the response rate ranged from 39%-76.7%[41,42,44]. CTCAE grade 3
CTCAE or higher toxicity has rarely been reported. In a study with 11 patients, one
pulmonary embolism case and one esophageal rupture case were reported at 1.6 and
3.7 mo after initiation of EBRT, respectively[42]. Because these studies were all
retrospective studies, research bias could not be completely ruled out. Pulmonary
embolism and esophageal rupture are both complications that could be encountered in
HCC patients with HVTT. Therefore, whether these complications should be regarded
as side effects of EBRT still needs further investigation.

SYSTEMIC THERAPY

Compared with other cancer types, the usage of conventional cytotoxic chemotherapy,
such as doxorubicin- or doxorubicin-based combinations, is still limited for HCC
because of its significant toxicity[24]. In the liver cancer staging system in China, a
combination of oxaliplatin and 5-fluorouracil and leucovorin, known as the FOLFOX4
regimen, has been proposed for the treatment of HCC patients with macrovascular
invasion[26]. The application of FOLFOX4 in HCC patients with HVTT is limited.
According to Liu’s study, in HCC patients with HVTT, FOLFOX4 showed a median
survival of 8 mo[5]. This result was not satisfactory. Compared with hepatectomy,
FOLFOX4 did not seem to provide a longer overall survival time or recurrence-free
survival[5].

Sorafenib is a multitargeted small molecule with specific activity against the
vascular endothelial growth factor receptor. According to most international
guidelines, such as the BCLC staging system, sorafenib has been suggested as the first-
line treatment for HCC patients with macrovascular invasion[20,45]. When compared
to placebo, sorafenib was proven to prolong the median overall survival by 2 mo in
HCC patients with vascular invasion according to two Phase III clinical trials, SHARP
and the Asian Pacific study[46,47]. According to the SHARP trial, the median survival
in the subgroup with microvascular invasion was 8.1 mo with sorafenib and 4.9 mo
with placebo[46]. However, to date, no prospective or well-designed retrospective
studies have reported the use of sorafenib in the treatment of HCC patients with
HVTT. Several recent retrospective studies from China demonstrated that sorafenib
could reduce recurrence and prolong the survival rate in patients with vascular
invasion after curative hepatectomy[45,48]. Therefore, sorafenib might be useful in
decreasing the risk of recurrence in patients with HVTT when combined with other
treatments. However, it still needs more investigation.

Lenvatinib is an oral multikinase inhibitor that targets VEGFR receptor 1-3, FGFR
receptor 1-4, PDGF receptor o, RET, and KIT[49]. Lenvatinib has recently become
available as a new molecular targeted agent for the first-line treatment of unresectable
HCC in Japan, the USA, the European Union, and Asia[50]. In the REFLECT trial,
lenvatinib showed a comparable overall survival to sorafenib[49]. With regard to
secondary endpoints of progression-free survival, time to progression, and the
objective response rate, lenvatinib showed a clinically meaningful improvement
compared with sorafenib in unresectable HCC. However, lenvatinib was only
approved for applications in advanced HCC in 2017. The prognostic value of
lenvatinib in HCC with HVTT is still unknown.
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In contrast to other organs, the liver sustains an immunosuppressive milieu because
of a series of regulatory mechanisms, including chronic hepatitis or HCC immune
escape[51,52]. Therefore, conventional immunotherapies have limited effects on HCC.
However, immunotherapy, such as checkpoint inhibitors (PD-1, PD-L1, and CTLA4),
has been applied in HCC patients. A series of clinical trials on PD-1/PD-L1 inhibitors
showed favorable results, which might start a new chapter on the treatment of
advanced HCC[53]. As the data on immune checkpoint inhibitors in the treatment of
HCC become more mature and reliable, their effectiveness in the treatment of HCC
patients with HVTT can be better elucidated.

CONCLUSION

According to recent studies, the management of HCC with HVTT is evolving. The
treatment modalities include hepatectomy combined with thrombectomy, TACE,
radiotherapy, and systematic therapy. Because of the rarity of HCC with HVTT, few
studies have been conducted. Based on recent studies, selected HCC patients with
HVTT seem to have a better prognosis than HCC patients with PVTT. According to
the published data and the experience of our center, liver resection combined with
thrombectomy could provide a better prognosis when compared with non-surgical
treatment. However, most patients with major vascular invasion, especially IVC
invasion, might have lost the opportunity for surgery, either because of extrahepatic
metastasis or intrahepatic metastasis. As long as the tumor lesion is resectable and
tumor thrombus is limited in the major hepatic vein, liver resection should be the first
choice, especially in patients with good liver function. The invasion or tumor
thrombus in the hepatic vein or IVC should never be a contraindication for surgery.
Recently, targeted therapy and immunotherapy have been developed and used in
advanced stage HCC and amazing results were detected. When combined with TACE
or radiotherapy, the objective response rate could even be increased in selected
advanced HCC patients. More and more cases were found about changing from
unresectable state to resectable state after targeted therapy and immunotherapy
combined with TACE or radiotherapy in our center. It might provide insight for
treatments to HCC patients who are not suitable for resection. However, additional
well-designed prospective or retrospective studies are needed to provide high-level
evidence of the safety and efficacy of single or combined treatments.
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