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Abstract: Major vessel invasion is frequently observed in locally advanced hepatocellular
carcinoma (HCC). The most commonly involved major vessel is the portal vein; however,
approximately 4% of patients with HCC have inferior vena cava (IVC) and/or right atrium
(RA) invasion. Although these conditions have dismal prognoses, local treatments have not been
regularly administered because they may affect systemic circulation. Owing to recent technolo-
gical advances, various local treatments including surgery and external radiotherapy have
increasingly been performed in these patients. Since irradiating tumorous lesions in the liver
while preserving normal tissues is possible and major vessels are relatively resistant to radiation,
external radiotherapy has been a feasible palliative modality for treating vessel-invasive HCC. In
addition, systemic fatal complications that were initially a cause of concern have become rare
after radiotherapy. While invasive procedures such as extracorporeal circulation or hepatic
vascular exclusion may be required, pioneering surgeons have performed surgical resections in
selected patients and have obtained promising results. Surgery has shown the best survival
outcomes compared to other treatment options including radiotherapy, but the possibility of
perioperative morbidity should be considered. In addition, a combination of local treatment and
novel systemic agents, which demonstrated better survival and response rates than sorafenib, is
expected to maximize therapeutic effects. In this review, we have discussed the most recent
treatments for HCC with IVC and/or RA involvement and have provided information intended to
guide therapeutic decisions and facilitate future research.
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Introduction
The prevalence of hepatocellular carcinoma (HCC) varies across geographical
regions; its incidence is especially high in East Asia, whereas it is relatively rare
in Western countries." Furthermore, the causes and characteristics of HCC also
differ significantly between regions. HCC in Western countries is mainly caused by
alcoholic hepatitis, non-alcoholic fatty liver disease, and hepatitis C infection.
Patients with HCC in these countries tend to have advanced cirrhosis or impaired
liver function at the time of diagnosis of their malignancy. In contrast, the major
cause of liver cancer in East Asia is the hepatitis B virus; patients with HCC in this
region tend to have preserved liver function, but they are often diagnosed with
locally advanced tumors.?

Locally advanced HCC tumors have a tendency to invade the major vessels of
the liver.* In a nationwide analysis based on data from the Korean Liver Cancer
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Study Group, one-third of all patients with HCC were
categorized as having Barcelona-Clinic Liver Cancer
(BCLC) stage C HCC, and approximately 60% were diag-
nosed with major vessel invasion.” The most common
form of vessel invasion is portal vein thrombosis (PVT).
Previously, HCC with PVT was considered to have
a dismal prognosis, with limited treatment options avail-
able. However, oncologic outcomes have been improving
owing to the availability of local treatments including
external beam radiotherapy (EBRT), internal radiotherapy,
surgery, and systemic agents, which have demonstrated
their benefits in recent decades.®”

Invasion of the inferior vena cava (IVC) and/or right
atrium (RA) is a much rarer type of vessel invasion. In
a study by Lee et al'’, approximately 4% of all HCC
patients had IVC and/or RA invasion. Due to its rarity,
its clinical outcomes have not been collectively studied,
but have only been described in case reports and small
case series. In addition, there have been concerns that
administration of local treatment to patients with IVC
and/or RA thrombosis might result in serious systemic
complications such as pulmonary embolism or cardiac
failure. However, EBRT has been shown to be feasible

6,11

and efficient in recent studies,” " and pioneering surgeons

have reported promising outcomes.'*'?

In this review, we have discussed the efficacy and
feasibility of local treatments including EBRT and surgery,
as well as future therapeutic strategies that can be consid-

ered alongside systemic treatments.

External Beam Radiotherapy

Although EBRT has not been accepted as a standard mod-
ality for HCC owing to a lack of evidence from Phase 3
trials, it has been commonly used for palliation in patients
with vessel invasion. In these patients, local modalities
such as ablation and resection have been contraindicated
owing to the risk of bleeding; however, EBRT remains
relatively feasible. For example, the doses of EBRT in
a recent series of patients with PVT mostly ranged from
45 to 60 Gy, which yielded pooled response rates of
50-70% and local control rates of approximately >83%.°
The tolerated radiation dose for major vessels, which has
been commonly extrapolated from stereotactic body radio-
therapy (SBRT) studies of lung cancer, exceeds 100 Gy
prescribed in 2 Gy fractions.® Therefore, thrombosis in the
IVC and/or RA has also been a candidate for palliative
EBRT in clinical practice, with meaningful local palliation
expected without damage to major vessels.

Two important pioneering studies of EBRT for HCC
with IVC and/or RA thrombosis were performed at ter-

tiary centers in China and Korea. Zeng et al'*

reported the
treatment outcomes of 158 patients with HCC who had
portal vein (114 patients) and/or IVC/RA thrombosis (44
patients) recruited between 1998 and 2003 at Zhongshan
Hospital, Fudan University. The median survival in
patients who underwent EBRT was 8 months, whereas
that in non-EBRT-treated patients was 4 months. Among
the 44 patients with [VC and/or RA thrombosis, 14 were
treated with EBRT. Patients with IVC/RA thrombosis
who did not undergo EBRT had poorer survival than
their counterparts with PVT (median survival: 2 months,
risk ratio: 3.14, p<0.001), whereas longer survival was
achieved in patients who received EBRT (median survi-
val: 22 months, risk ratio: 0.208, p=0.047). The overall
response rate after EBRT was 78.6%, and no serious
cardiopulmonary complications were reported. The
study by Koo et al'® performed at Asan Medical Center,
Korea, which is one of the largest studies to date, inves-
tigated 71 HCC patients exhibiting IVC and/or RA
thrombosis. Among them, 42 patients underwent com-
bined treatment including transarterial chemoemboliza-
tion (TACE) and EBRT, while 29 historical controls
were treated with TACE alone. Combined TACE and
EBRT showed better overall survival (median: 11.7 vs
4.7 months, p<0.01) and response rates (42.9% vs
13.8%, p=0.01) than TACE alone. No grade >3 or serious
systemic complications were reported in the combined
treatment arm.

Despite the feasibility of EBRT, concerns over sys-
temic failure due to dislodged IVC or RA thrombus frag-
ments have hindered its adoption. Rim et al® performed
a meta-analysis of case series that described HCC patients
with IVC and/or RA thrombosis who underwent EBRT.
The pooled 1- and 2-year overall survival rates were
53.6% (95% confidence interval [CI]: 45.7-61.3%) and
36.9% (95% CI: 27.2-42.4%), respectively, while the
response and local control rates were 59.2% (95% CI:
39.0-76.7%) and 83.8% (95% CI: 78.8-97.1%), respec-
tively. Only | patient among the 164 patients experienced
pulmonary embolism, and the overall grade >3 complica-
tion rate was 1.2% (2 of 164 patients). This meta-analysis
not only demonstrated the potent local controllability of
tumors using EBRT but also significantly alleviated
unfounded clinical concerns of fatal systemic complica-
tions due to “dislodged thrombi fragments.”
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While the above studies were performed before the
sorafenib era in 2008,'® several others have reported
more recent outcomes. Rim et al'' performed a multi-
institutional study registered as the Korean Radiation
Oncology Group trial (KROG 17-10), to investigate the
use of EBRT for HCC patients with IVC and/or RA
thrombosis. Forty-nine patients who underwent EBRT dur-
ing 2003-2017 at 6 institutions were recruited; the median
survival was 10.1 months, while the 1- and 2-year survival
rates were 43.5% and 30.1%, respectively. Lou et al'’
reported the outcomes from 3 Chinese institutions, includ-
ing 75 HCC patients exhibiting IVC and/or RA thrombosis
who underwent EBRT between 2008 and 2016. The med-
ian survival was 10 months, while the 1- and 2-year
survival rates were 38.7%, and 13.3%, respectively. In
both
fetoprotein levels were significant factors for survival,

studies, tumor multiplicity and high alpha-
which suggested the biological aggressiveness of the
malignancy; in contrast, thrombi location (IVC only vs
RA and/or IVC) was not a clinically meaningful factor.

Data from selected studies of EBRT in HCC patients
with IVC and/or RA thrombosis are summarized in Table
1. Although EBRT was effective for local palliation, the
overall survival rates were not satisfactory, as the median
survival reported in these studies barely reached 1 year.
Complications were generally mild, and pulmonary embo-
lism caused by dislodged thrombi fragments was very rare.
There appears to be no significant difference in oncologic
outcomes between studies of patients recruited before and
after 2008; this may be due to the highly heterogeneous
clinical characteristics and advanced disease profiles (eg,
lymphatic or extrahepatic metastasis, and coexisting PVT)
of patients included in these studies.

Surgical Resection

HCCs with IVC and/or RA invasion are generally pre-
sumed to have poor prognoses, with expected survival of
<3 months, while those with PVT have even poorer
prognoses.'*'® In addition, given the possibility of sudden
death due to circulatory failure,'® physicians have been
highly cautious about performing surgeries that may bur-
den the circulatory system. In HCCs with IVC thrombosis,
total hepatic vascular exclusion is required to block IVC
blood flow and perform thrombectomy.'? In cases of
thrombus extension to the RA, extracorporeal circulation
must be used for successful surgery.'>'® As such invasive
surgical procedures are necessary, surgery has not been
actively performed in these patients.

With advances in surgical techniques, resection and
reconstruction of the IVC has been shown to be safe and
effective for various malignant tumors, including renal cell
carcinoma.”’’ In HCC, most previous studies were small
case series or case reports; however, some pioneering
surgeons have recently reported meaningful clinical
experiences. The study by Matsukuma et al’' included
37 HCC patients with IVC and/or RA thrombosis treated
at 3 hospitals in Osaka and Yamaguchi. The median sur-
vival was 13.8 months, and the recurrence-free survival
was 5.2 months after curative resection. Complete resec-
tion was achieved in 67.6% of patients; those with post-
operative residual liver disease had significantly poorer
survival than those who did not (median survival: 8.3 vs
18.7 months, p=0.009). The grade >3 complication rate
was 17.9%, including 2 patients with pulmonary embo-
lisms, 2 patients with bile leaks, 1 patient with surgical
infection, 1 patient with ascites, and 1 patient with bowel
obstruction. Two patients died within 90 days of surgery.
Furthermore, survival outcomes were similar between
patients treated during 1997-2008 and those treated during
2009-2017 (ie, between the pre- and post-sorafenib era).
Kasai et al*® reported the outcomes of 39 patients who
underwent surgery; the median survival was 15.2 months,
and the recurrence-free survival was 5.3 months after R0/1
resection (RO/1 resection rate: 79%). Extracorporeal circu-
lation use and extrahepatic metastases were significantly
related to poor survival, while undergoing preoperative
hepatic arterial infusion chemotherapy was associated
with prolonged survival. Grade >3 complications (mostly
pleural effusion and ascites) occurred in 67% of patients,
and the 30-day postoperative mortality rate was 5%.

Comparison of Surgery and EBRT

Some researchers compared the outcomes of primary sur-
gery and EBRT. Li et al*® reported their clinical experience
with 108 HCC patients with IVC and/or RA thrombosis
treated at the Eastern Hepatobiliary Surgery Center, 57 of
whom received EBRT and 51 underwent surgery. Clinical
characteristics of the 2 groups were not significantly dif-
ferent, except that the EBRT arm included a higher fre-
quency of PVT with borderline statistical significance
(24.6% vs 11.8%, p=0.087). The median survival, 1-year
survival rate, and 2-year survival rate were 12.8 months,
57.9%, and 24.6%, respectively, in the EBRT arm, and
were 14.5 months, 58.8%, and 21.6%, respectively, in the
surgery arm (p=0.466). Two (3.9%) patients had grade >3
complications in the surgery arm, while the EBRT arm had
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none. No serious complications such as early perioperative
mortality, cardiac arrest, and radiation-induced liver dis-
ease occurred. Komatsu et al** performed a matched
cohort study of patients undergoing proton radiotherapy
and those undergoing surgery at Kobe University, Japan;
each arm had 19 patients with similar characteristics,
except that there was a higher proportion of patients with
Child-Pugh class A in the surgery arm, with borderline
significance (89.5% vs 57.9%, p=0.058). The 1-year and
3-year survival rates were 68% and 25%, respectively, in
the proton therapy group, and were 34% and 14%, respec-
tively, in the surgery group (p=0.106). Grade >3 complica-
tions were not reported in the proton therapy group but
were reported in 5 (26.3%) patients in the surgery group,
including 1 fatality.

Our team has previously published a clinical meta-
analysis of EBRT studies on HCC patients with IVC and/
or RA thromboses."
updated meta-analysis of 18 studies involving 22 cohorts

We also recently performed an

comparing EBRT with surgery.”> Each cohort included at
least 10 relevant patients, with the entire study including
755 patients. The surgery arm had a significantly higher
proportion of patients with Child-Pugh class A (pooled
rate: 90.1% vs 69.1%, p=0.005) and a lower rate of extra-
hepatic metastasis (pooled rate: 14.5% vs 34.5%, p=0.067)
than the EBRT arm, with borderline significance. The
pooled median survival period was 15.3 and 11.7 months
in the surgery and EBRT arms, respectively. The 1-year
survival rates were 62.4% (95% CI: 53.8-70.3) and 48.8%
(95% CI: 40.9-56.8) in the surgery and EBRT arms,
respectively (p=0.023), while the corresponding 2-year
survival rates were 26.9% (95% CI: 20.7-34.2) and
27.5% (95% CI: 19.7-37.1), respectively (p=0.913).
Grade >3 complications were rarely reported in the
EBRT arm, but their incidence varied between 3.9-67%
in the surgery arm.

Selected studies concerning surgery and those compar-
ing surgery and EBRT are summarized in Table 2. In most
of the studies regarding surgery, although previously con-
traindicated, median survival times were longer than
1 year; the 1-year survival rate was approximately 60%.
Although survival rates after surgery appeared to be some-
what higher than those after EBRT, patients who under-
went surgery may have had relatively more favorable
clinical characteristics. In addition, grade >3 complications
were more frequent after surgery, and although rare, the
possibility of perioperative mortality cannot be ignored. In
conclusion, surgery could be the most effective local

modality for achieving the best survival benefit. In patients
who are not indicated to undergo surgery, EBRT could be
a valid and less invasive option with potent palliative
efficacy.

Transarterial Chemoembolization
TACE has been the most commonly administered local
treatment modality for HCC in recent decades and is the
recommended standard treatment for intermediate-stage
HCC.?® TACE alone is not generally indicated for HCC
with IVC and RA thrombosis, owing to poor outcomes and
difficulty in achieving sustained local control.?”-*® In addi-
tion to administration as a definitive local modality, TACE
has been administered before or after treatment with sur-
gery or EBRT.!111215.17

Few publications have described TACE as a primary
treatment. Chern et al*’ reported the outcomes of 26 HCC
patients with IVC and/or RA thrombosis; the median sur-
vival was 4.2 months and the 1-year and 2-year survival
rates were 41% and 25%, respectively. The overall
response rate was 53.8%, and the median survival of
responders was significantly longer than that of non-
responders (13.5 vs 3.3 months, p<0.002). Transient dete-
rioration of liver function (100%), abdominal pain
(70.9%), vomiting (61.5%), and fever (80.5%) were com-
mon complications. Critical pulmonary embolisms were
not observed. In the abovementioned EBRT study by

Koo et al®®

, patients in the TACE-only arm (the historical
controls) were compared with those in the TACE plus
EBRT arm; baseline clinical profiles were well matched,
except that tumor sizes in the TACE-only arm were rela-
tively larger than those in the TACE plus EBRT arm (mean
primary tumor size: 12.9 cm vs 10.0 cm, p<0.01). The
overall survival and response rate were better in the TACE
plus EBRT arm than in the TACE-only arm (median sur-
vival: 11.7 vs 4.7 months, p<0.01; response rate: 42.8% vs
13.8%, p=0.01). Radiation-induced liver disease or grade
>3 complications due to EBRT were not reported. Wang
et al'? performed a comparative study of 56 HCC patients
with IVC and/or RA thrombosis who were categorized
into 3 treatment subgroups — surgery (25 patients), TACE
(20 patients), and no treatment (11 patients). The clinical
characteristics of patients in all arms were not significantly
different, except that the surgery arm had a higher propor-
tion of patients with elevated alpha-fetoprotein levels. The
median survival in the surgery, TACE, and no treatment
groups were 19, 4.5, and 5 months, respectively. Two (8%)
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Abbreviations: CTx, chemotherapy; HAIC, hepatic arterial infusion chemotherapy; RT, radiotherapy; EBRT, external beam radiotherapy; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; Tx, treatment.

patients in the surgery arm experienced grade 3
complications.

To summarize, the primary application of TACE
appears to have a lower oncologic efficacy than EBRT or
surgery. TACE can be considered an adjuvant or salvage
modality rather than a definitive one, in which the patient’s
clinical condition and risk of post-embolization syndrome
ought to be considered.

Pattern of Recurrence and Role of

Systemic Treatment

Despite the improved response rates and survival out-
comes of HCC patients with IVC and/or RA invasion
with the active and widespread use of local treatments,
progression rates after effective local treatment remain
high. Few studies have evaluated HCC progression after
locoregional treatment in such patients. A recent study
found that the median progression-free survival was 4
months after EBRT® and 5.2-53 months after
surgery.?'*>2%3% Furthermore, the progression-free rate at
3-4 months after TACE was 37.9%.'°> Considering the
short duration taken for HCC progression, remaining
microscopic or macroscopic metastases (rather than multi-
centric carcinogenesis) would provoke cancer progression
after local control, which characteristically occurs within 2
years after treatment.”'

The first sites of progression in such patients after
surgical resection are the liver (23.1-69.2%) and lungs
(13.5-53.8%)."321:22:29 Although exact reasons for the
high prevalence of lung metastases after surgical resection
is unknown, it is possible that lung micrometastases could
already be present before resection, or that the procedure
itself could disseminate tumor cells systemically through
the IVC.>*** After EBRT, the most common sites of first
progression were reported to be the liver (21.5-61.5%),
followed by the lung (13.5-42.9%).""** There have been
increased concerns of pulmonary metastasis in [VC/RA-
invasive HCC, due to ability of a RA tumor thrombus to
flow into the pulmonary vessels.” It has further been
suggested that RT could destabilize an IVC and/or RA
thrombus, leading to the hematogenous dissemination of
cancer cells, although epidemiologic data supporting these
concerns are insufficient.'** Furthermore, it is difficult to
determine whether such newly developed lung metastases
originated from thrombus dislodgment during RT, or

reflect the natural progression of the disease given that
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the lung is one of the most frequent locations of distant
metastases in HCC.*

Clearly, local control alone appears to be insufficient
for preventing further progression in a substantial propor-
tion of HCC patients with IVC/RA invasion. Concurrent
or adjuvant systemic therapy has been considered to pre-
vent further progression; however, only few studies have
evaluated the effects of systemic therapy in these patients.
Rim et al reported longer median overall survival in
patients who received concurrent or additional systemic
treatment than in those who did not (12.2 vs 8.4 months),
but the difference was not significant (p=0.054)."!
According to the study by Pao et al, systemic therapy
with RT was associated with longer median lung metasta-
sis-free survival (5.9 vs 2.1 months, p=0.0033) in HCC
patients with IVC and/or RA involvement.** Among
patients with BCLC stage C HCC, the recurrence rate
after curative resection was markedly lower in those trea-
ted with adjuvant sorafenib therapy than in those who
were not (44.1% vs 75.0%, p=0.002).>” Furthermore, Liu
et al performed a study involving patients with BCLC
stage C HCC and Child-Pugh class A, and reported
a significantly longer time to progression (29 months vs
22 months, p=0.0.41) and median overall survival (37
months vs 30 months, p=0.01) in patients treated with
sorafenib after resection than in those who only underwent
resection.”®

Based on previous data, the combination of local pri-
mary tumor control and systemic microscopic metastasis
control could yield better treatment outcomes in HCC
with  IVC RA 3940
A randomized Phase III study is currently recruiting

patients and/or invasion.
advanced-stage HCC patients to investigate the effects of
SBRT with or without sorafenib (NCT01730937). Another
randomized Phase II trial will recruit patients with portal
vein invasion and compare the efficacy of surgery plus
sorafenib and sorafenib alone (NCT03971201). In addi-
tion, the role of lenvatinib (the alternative first-line sys-
temic agent to sorafenib) as an adjuvant therapy for these
patients is expected, because it has shown superior objec-
tive response rates and progression-free survival com-
pared to sorafenib.*! However, as the treatment efficacy
of lenvatinib in patients with major vessel invasion has not
been fully evaluated, there is keen interest in upcoming
data.*® In line with this, a randomized phase III study is
currently recruiting patients with BCLC stage B or C HCC
to investigate the efficacy of lenvatinib after resection
(NCT04227808).

Recently, immunotherapy has been introduced to treat
HCC; however, many immunosuppressive mechanisms
limit the effectiveness of immune-based monotherapy.
The combination of RT and immune checkpoint inhibitors
(ICIs) has gained extensive attention because RT has pro-
immunogenic properties.***> Preclinical studies have
shown that RT promotes systemic immune responses by
enhancing immunogenic antigen presentation, proinflam-
matory cytokines stimulation, and increasing PD-LI
expression.***” Furthermore, a combination of ICI and
RT could be helpful in overcoming radiation-induced
immunosuppressive effects that lead to radioresistance.*®
The benefits of combined ICI and RT have been reported
in patients with other malignancies;**>° however, only 2
preclinical studies have evaluated the mechanism and effi-
cacy of ICIs and RT in murine HCC models.’'>
Currently, a phase II trial is recruiting advanced-stage
HCC patients treated with pembrolizumab and SBRT
(NCT03316872), and another Phase I study will be eval-
uating the treatment outcomes of SBRT followed by nivo-
lumab or ipilimumab therapy in patients with unresectable
HCC (NCT03203304).

Adjuvant immune-based therapies after surgical resec-

13 evaluated

tion of HCC have been introduced. Lee et a
the efficacy of cytokine-induced killer cells in the adjuvant
setting of patients with resected HCC, and found that this
therapy was significantly associated with improved overall
and recurrence-free survival. As previously published data
are insufficient, questions remain regarding the safety and
efficacy of adjuvant immunotherapies in advanced-stage
HCC patients undergoing surgery. There may be promise
in the currently ongoing phase III study testing nivolumab
in the adjuvant setting for resectable HCC regardless of
disecase stage (NCT03383458, CheckMate 9DX). In addi-
tion, the potent combination therapy of atezolizumab and
bevacizumab is being investigated for its efficacy as an
adjuvant therapy for patients with resectable HCC
(NCT04102098, IMbrave050). As more immunotherapies
prove to be effective against advanced-stage HCC, recent
results could presumably translate into achieving success-
ful combinations of local control and adjuvant immu-
notherapy for selected patients. Ongoing trials of
systemic agents in the adjuvant setting after locoregional
treatment of advanced-stage HCC are listed in Table 3.

Concluding Remarks
There has been reluctance to administer local treatment for
HCC patients with IVC and/or RA involvement as it might
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directly affect the circulatory system. As the incidence of
such HCC type is relatively low, local treatment has not
been a major subject of interest for therapeutic research.
However, recent studies have shown that surgery is an
effective local treatment and provides superior survival
benefits for these patients. Efforts to minimize morbidity
and careful patient selection are required. Non-invasive
EBRT could be another useful treatment option, as it is
effective in improving oncologic outcomes, and fatal
respiratory complications that were originally of concern
rarely occur. Major limitations of current treatments
include the high recurrence rate and short progression-
free
Although recent studies have shown improved survival

survival despite aggressive treatment attempts.
after local treatment, other important clinical outcomes
including quality of life or post-treatment complication
rates should be investigated in future studies. As newer
systemic agents have shown higher response rates than
sorafenib, their use is expected to further reduce recur-
rence rates after local control. In particular, adjuvant or
combined immunotherapy, which has recently shown pro-
mising results, may enhance the prognosis of HCC with
IVC and/or RA involvement in upcoming studies.
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radiotherapy; TACE, transarterial chemoembolization.
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