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Abstract

The proportions of patients with hepatocellular carcinoma
(HCC) involving portal vein tumor thrombus (PVTT) varies
greatly in different countries or regions, ranging from 13%
to 45%. The treatment regimens for PVTT recommended by
HCC guidelines in different countries or regions also vary
greatly. In recent years, with the progress and development
of surgical concepts, radiotherapy techniques, systematic
therapies (for example, VEGF inhibitors, tyrosine kinase in-
hibitors and immune checkpoint inhibitors), patients with
HCC involving PVTT have more treatment options and their
prognoses have been significantly improved. To achieve the
maximum benefit, both clinicians and patients need to think
rationally about the indications of treatment modalities, the
occurrence of severe adverse events, and the optimal fit
for the population. In this review, we provide an update on
the treatment modalities available for patients with HCC in-
volving PVTT. Trials with large sample size for patients with
advanced or unresectable HCC are also reviewed.
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Introduction

Hepatocellular carcinoma (HCC) is the seventh most com-
mon malignant tumor, resulting in more than 600,000 deaths
every year.! Due to the lack of typical symptoms and signs
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of early-stage HCC, HCC is often diagnosed as intermediate
or advanced disease.?2 The complex hepatic vascular system,
including portal vein, hepatic vein, hepatic artery and intrahe-
patic bile duct, may be the main reason for the invasion of he-
patic vascular system growth characteristics of HCC. Macro-
vascular invasion (MVI) refers to obvious invasion of the main
portal vein and its branches, hepatic vein and its branches,
or inferior vena cava. In all types of MVI, portal vein tumor
thrombus (PVTT) is the most frequent form. HCC patients
with PVTT showed a worse prognoses than those without,
which may be related to the high tumor invasiveness, insuffi-
cient hepatic reserve function, portal hypertension caused by
PVTT and other complications. The median survival time with
the best supportive care is only 4 to 6 months.34

Due to the large difference of incidence of PVTT in differ-
ent regions, high tumor invasiveness, and the poor progno-
ses, European and American HCC guidelines do not recom-
mend hepatic resection or transarterial chemoembolization
(TACE) for patients with HCC involving PVTT. For example,
the European,5 American® and ESMO” guidelines for the di-
agnosis and treatment of HCC based on the Barcelona Clini-
cal Liver Cancer (BCLC) staging system only recommend
systematic treatment regimens such as targeted drugs,
and even consider PVTT to be a contraindication of hepatic
resection. But in recent years, the Asian HCC guidelines,
in addition to the results from large sample, multicenter,
randomized clinical trials, also recognized the results from
real-world practice. Beyond recommending targeted drugs,
nivolumab and other immunotherapy as the first-line treat-
ment, Pan-Asian has adapted the ESMO Clinical Practice
Guidelines,8° Asian-Pacific guidelines,'® and guidelines in
Korea,!! Taiwan,!2 and mainland China!3 for the diagnosis
and treatment of HCC; they also suggest that local thera-
pies, such as TACE, local radiotherapy, hepatic resection,
and hepatic arterial infusion chemotherapy (HAIC), can also
be used as an optional regimen for patients with PVTT.

In recent years, with the progress and development of
surgical concepts, radiotherapy techniques, targeted drugs
and immunotherapy, patients with HCC involving PVTT have
more treatment options and their prognoses have been sig-
nificantly improved.14-17 These therapeutic methods have
different mechanisms of action (Fig. 1). Therefore, this up-
dated review summarizes the current situation, existing con-
troversies and future development of treatment measures
for HCC with PVTT. In order to provide the latest and com-
prehensive clinical evidence, a systematic literature search
was performed in PubMed by using the keywords of ‘hepa-
tocellular carcinoma’, ‘advanced’, ‘unresectable’, and ‘portal
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Fig. 1. Different therapeutic methods have different mechanisms of action for patients with HCC involving PVTT. HAIC, hepatic arterial infusion chemo-
therapy; HCC, hepatocellular carcinoma; ICIs, immune checkpoint inhibitors; PVTT, portal vein tumor thrombus; TACE, transarterial chemoembolization; TKI, tyrosine

kinase inhibitors.

vein tumor thrombus’. We focus our discussion herein on the
phase Ib to III clinical trials related to treatment of advanced
or unresectable HCC with PVTT published after January 1,
2010 (mainly full-text), as well as prospective or retrospec-
tive comparative studies with relatively large sample size.

Epidemiology of PVTT

The proportions of patients with HCC involving PVTT varies
greatly in different countries or regions, which may be relat-
ed to the economic living standard of the location. A study
from China involving 6,241 patients with primary HCC found
the proportion of PVTT was about 45%.2 In 2014, a study in
Hong Kong showed that 39.1% of 3,856 HCC patients had
PVTT.18 In 2016, a study from Italy reported that 42.0% of
5,183 HCC patients had PVTT.1° Data from the 19th national
liver cancer survey in Japan revealed that 13.0% patients
with HCC were accompanied by PVTT and 4.6% by hepatic
vein tumor thrombus.20

Classification of PVTT

Although American Joint Committee on Cancer tumor-node-

metastasis, BCLC,2! Japan Integrated Staging,22 Hong Kong
Liver Cancer,!8 ITA.LL.CA,*° and other HCC guidelines from
other countries or regions®-13:23.24 emphasize the effect of
PVTT on patients’ prognoses; notably, the diversity of PVTT
growth sites determines the great difference of their prog-
noses. Therefore, it is necessary to classify PVTT according
to the scope of PVTT involvement, and then select different
treatment regimens according to different types.

The first classification system of PVTT was reported by
the Liver Cancer Study Group of Japan.25:26 This system
is based on the clinical features, imaging findings, patho-
logical findings of PVTT, and patients’ prognoses. PVTT is
divided into five grades in this classification system (Table
1).25:26 Since then, this classification system was cited by
data from Japan’s annual liver cancer census. For exam-
ple, the report of the 19th Japan’s annual liver cancer cen-
sus2® showed that the proportion of Vp0, Vpl, Vp3, and
Vp4 were 87.1%, 3.1%, 2.6%, 3.9%, and 3.4%, respec-
tively, according to imaging diagnosis, and 84.1%, 9.7%,
3.1%, 2.2%, and 1.0%, respectively, according to postop-
erative pathological diagnosis. This classification system is
relatively highly recognized by scholars around the world.
In 2007, another PVTT classification system was reported
by scholars from China.2’ Their first version included type
I to type IV (Table 2).27:28 In 2011, type I, was added.?®
Recently, this classification system has been highly recog-
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Table 1. PVTT classification system from the Liver Cancer Study Group of Japan25:26

Grade Definition

VpO Absence of invasion of (or tumor thrombus in) the portal vein

Vpl Invasion of (or tumor thrombus in) distal to the second-order branches of the portal vein, but not of the second-
order branches

Vp2 Invasion of (or tumor thrombus in) second-order branches of the portal vein

Vp3 Invasion of (or tumor thrombus in) first-order branches of the portal vein

Vp4 Invasion of (or tumor thrombus in) the main trunk of the portal vein and/or contra-lateral portal vein branch to the

primarily involved lobe

PVTT, portal vein tumor thrombus.

nized by scholars in mainland China.13:29
Treatments for HCC with PVTT
Hepatic resection

At present, in addition to the HCC diagnosis and treatment
guidelines in China!3 and Japan,23 which have their own in-
dependent HCC staging systems, HCC guidelines in other
countries or regions mostly adopt the BCLC staging sys-
tem.5-9:11,12,24 However, the indications for hepatic resection
defined by the BCLC staging system in successive versions
are very narrow, and HCC with PVTT has been considered
contraindicated for hepatic resection.21.30.31 Therefore, in
recent years, many HCC researchers all over the world have
questioned the indications of hepatic resection in the BCLC
staging system. An influential study that was published in
2013 by Torzilli et al.32 retrospectively analyzed clinical data
of 2,046 patients who underwent hepatic resection from 10
medical centers of eastern and western countries. There
were 297 (14.5%) patients with BCLC stage C disease and
275 (13.4%) patients with macrovascular invasion. Five
years overall survival and recurrence-free survival were
38% and 18% after hepatic resection. Patients who under-
went hepatic resection in this study had significantly bet-
ter long-term overall survival than patients who underwent
TACE in other studies. Therefore, Torzilli et al.32 proposed
that guidelines based on the BCLC system should be modi-
fied to appropriately expand indications of hepatic resec-
tion. However, the proposal of Torzilli et a/.32 immediately
sparked a heated debate among several leading liver cancer
experts. For example, Bruix,33:34 a leading member of the
BCLC group, and Mazzaferro,3> the main founder of the Mi-
lan standard for liver transplantation, still do not agree with
the proposal of Torzilli and coworkers,32 but several surgical
experts in the field of liver cancer in Asia36-38 fully agree
with Torzilli and coworkers. Moreover, the findings ofTorzilli
were completely consistent with our findings that hepatic
resection was associated with significantly better overall
survival than TACE in selected patients with stage C HCC

Table 2. PVTT classification system from China27:28

and preserved liver function.3® Therefore, “we're still in an
update process of the BCLC system.”0 “Surgeons should
not shy away from hepatic resection when it is feasible,
though they should be prepared for the fact that the proce-
dure is technically demanding”.4!

In 2015, a systematic review which included 24 studies
involving 4,389 patients with HCC and macrovascular inva-
sion after hepatic resection found the median perioperative
mortality was 2.7% (0-24%), the median complication rate
was 30.2% (4.0-42%), the median overall survival at 1,
3, 5 years were 50%, 23% and 18%, and the correspond-
ing median recurrence-free survival were 32%, 20% and
18%.42 However, due to insufficient information of included
studies, subgroup analysis based on PVTT classification was
not performed. In 2016, a retrospective study from Japan
included 6,474 patents with HCC involving PVTT.43 In that
study, 2,093 patients underwent hepatic resection, while
438 patients underwent palliative treatments. The periop-
erative mortality in the hepatic resection group was 3.7%.
Patients in the hepatic resection group had significantly
higher overall survival than those in the non-resection
group among patients with Child-Pugh class A or B liver
function (all p<0.001). Results from propensity score analy-
sis confirmed these findings. Subgroup analysis based on
PVTT classification indicated that the advantage of hepatic
resection was only in patients with Vp1-3 but was not sig-
nificant in patients with Vp4 (hazard ratio [HR]: 0.84, 95%
confidence interval [CI]: 0.63-1.12). In 2016, a retrospec-
tive study from China established a model to select patients
who would benefit most from hepatic resection.4* The train-
ing cohort enrolled 432 HCC patients with I/II stage (Vp1-
3) PVTT, while the internal validation cohort enrolled 285
patients. Patients from three other centers were assigned
as three external validation cohorts (n=286, 189, and 135,
respectively). The Eastern Hepatobiliary Surgery Hospital-
PVTT score (</>3) significantly differentiated overall sur-
vival, with median survival of 17.0 and 7.9 months, respec-
tively (p<0.001).4* The study did not include patients with
type III (Vp4) PVTT or those who underwent non-hepatic
resection. Therefore, it is unknown whether this predictive
model is appropriate for patients with type III PVTT or those
receiving other treatment regimens.

Type Definition

I, Tumor thrombus formation found under microscopy

I Tumor thrombi involving segmental branches of portal vein or above
II Tumor thrombi involving right/left portal vein

III Tumor thrombi involving the main portal vein trunk

v Tumor thrombi involving the superior mesenteric vein

PVTT, portal vein tumor thrombus.
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In conclusion, although hepatic resection for HCC involv-
ing PVTT is not recommended in European and American
HCC guidelines,>~7 the HCC guidelines in Asia have appro-
priately expanded the surgical indications.8-13:23.24 | arge-
sample studies in real world settings suggest that many
HCC patients with type I/II (Vp1-3) PVTT may have good
long-term outcomes from hepatic resection.4344 However,
a high rate of postoperative recurrence is one of the most
striking features of hepatic resection in patients with HCC
involving PVTT. In recent years, a large number of studies
have shown that postoperative adjuvant TACE can signifi-
cantly reduce the rate of recurrence and ultimately prolong
survival time.#>-47 In addition, phase III clinical trials (e.g.,
Imbrave 050)#8 exploring the efficacy of adjuvant targeted
agents and immune checkpoint inhibitors after hepatic re-
section are ongoing and the results are expected to guide
clinical treatment.

Radiotherapy

In 1994, Chen et al.*® from Taiwan first reported the ef-
ficacy of external radiotherapy to treat PVTT. In this study,
10 patients with unilateral PVTT received radiotherapy
(3,000-5,000 cGY) using a linear accelerator under locali-
zation by real-time ultrasound. The PVTT in five patients
completely disappeared; while in the other five patients, it
showed partial shrinkage. However, external radiotherapy
had poor precision positioning ability at that time, which
could easily cause irreversible liver function damage or even
liver failure. With the improvement of external radiotherapy
in recent years and the rapid development of three-dimen-
sional conformal radiotherapy, proton beam therapy, inten-
sity-modulated radiotherapy, and stereotactic radiotherapy,
the clinical application of external radiotherapy for HCC is
becoming more and more extensive, and there are more
and more reports in the publicly-available literature. The
new version of guidelines from Europe® and America® have
started to mention the application of external radiotherapy,
but without specific recommendations. The ESMO guideline?
recommended external radiation to treat early HCC. How-
ever, guidelines in Korea,!! Taiwan,12 and mainland Chinal3
recommended external radiotherapy (or combined with
other treatments) to treat several stages of HCC, including
that with PVTT.

In 2018, a systematic review including 37 studies involv-
ing 2,513 HCC patients with PVTT analyzed the differences
of the efficacy and safety between different modes of radio-
therapy.>0 In three groups of patients who received stereo-
tactic radiotherapy, three-dimensional conformal radiother-
apy or selective internal radiation therapy, 1-year overall
survival rates were 48.5%, 43.8% and 46.5% and objective
response rates (includes tumor and/or PVTT) were 70.7%,
51.3% and 33.3%, respectively. In the three-dimensional
conformal radiotherapy group and the selective internal ra-
diation therapy group, adverse events of at least grade 3
were mainly lymphopenia and bilirubin elevation. The ste-
reotactic body radiotherapy group rarely experienced ad-
verse events of at least grade 3. However, this study did
not perform subgroup analysis based on PVTT classifica-
tion. A recent retrospective study compared the efficacy of
intensity-modulated radiotherapy (n=154) and stereotac-
tic radiotherapy (n=133) for HCC patients with PVTT. The
two methods were associated with similar overall survival,
progression-free survival, intrahepatic control, and local
control.>! In 2018, a retrospective study compared the ef-
ficacy of 134 HCC patients with PVTT who received three-
dimensional conformal radiotherapy and 189 patients who
received hepatic resection.52 In the analysis of the total
sample, patients in the hepatic resection group had a signif-
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icantly better overall survival than those in the radiotherapy
group. Among patients with type I (Vp1-2) PVTT, hepatic
resection was associated with significantly better overall
survival than radiotherapy. Among patients with type II
(Vp3) PVTT, patients in the two groups had similar overall
survival. However, among patients with type III (Vp4) PVTT,
patients in the radiotherapy group had significantly better
overall survival than those in the hepatic resection group.>32
In 2016, a multicenter retrospective study (n=1,580) com-
pared the median survival time of patients with HCC in-
volving PVTT who received hepatic resection, TACE, TACE
combined with sorafenib, or TACE combined with radiother-
apy.>3 Among patients with type I (Vp1-2) PVTT, the he-
patic resection group had the best overall survival. Among
patients with type II (Vp3) PVTT, median survival time in
the hepatic resection group and in the TACE combined with
radiotherapy group were 12.5 and 10.6 months, respec-
tively (p=0.046). Among patients with type III (Vp4) PVTT,
median survival time was longer in the TACE combined with
radiotherapy group than in the hepatic resection group (8.9
vs. 6.0 months, p=0.401). In 2018, a single-center ran-
domized controlled study from Korea compared the prog-
noses of patients with HCC involving PVTT who received
sorafenib (n=45) or TACE combined with three-dimensional
conformal radiotherapy (n=45).5* Patients in the combina-
tion group had significantly higher progression-free sur-
vival (86.7% vs. 34.3%, p<0.001), radiographic response
(33.3% vs. 2.2%, p<0.001), longer median time to pro-
gression (31.0 vs. 11.7 weeks, p<0.001), and longer medi-
an survival time (55.0 vs. 43.0 weeks, p=0.04) than those
in the sorafenib group. Moreover, five (11.1%) patients in
the combination group had the opportunity to undergo radi-
cal hepatic resection due to tumor down staging. No patient
in the combination group suspended treatment due to liver
dysfunction.>*

The SARAH study that was published in 2017 enrolled
patients with local advanced HCC from 25 centers in France.
There were 237 patients in the yttrium-90 radiotherapy
group and 222 patients in the sorafenib group. The median
survival times were similar between the two groups (8.0 vs.
9.9 months, p=0.18), and the incidence of serious adverse
events were 77% and 82%.>> Another study from Italy also
found yttrium-90 radiotherapy and sorafenib provide simi-
lar overall survival.56 The third study (n=120) investigated
the safety and efficacy of yttrium-90 for patients with HCC
and PVTT. The median overall survival was 14.1 months and
median progression-free survival was 6.5 months.>7 A sys-
tematic review including 17 studies (n=722) showed that
the median time to progression was 5.6 months, the me-
dian objective response rate was 19.7%, and the median
survival time was 9.7 months in patients with HCC involving
PVTT who underwent yttrium-90 internal radiotherapy.>8

In recent years, there are some reports about the appli-
cation of radiotherapy as neoadjuvant treatment of hepatic
resection. In 2019, a randomized controlled study compared
the efficacy of neoadjuvant three-dimensional conformal
radiotherapy combined with hepatic resection (n=82) and
hepatic resection alone (n=82) in HCC patients with type
1I/111 (Vp3-4) PVTT.5° A total of 17 (20.7%) patients in the
neoadjuvant group had PVTT regression. Neoadjuvant was
associated with significantly higher 2-year overall survival
than hepatic resection alone (27.4% vs. 9.4%, p<0.001).

In summary, external radiotherapy has played an in-
creasingly important role in the multidisciplinary treatment
of patients with HCC involving PVTT. External radiotherapy
combined with other treatments provides the greatest ben-
efit to such patients. At present, three-dimensional confor-
mal radiotherapy is the most widely reported external ra-
diotherapy technique with relatively clear curative efficacy.
High-level evidence has recently suggested the value of
proton beam radiotherapy®® and stereotactic radiotherapy®!
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in the treatment of small HCC, and positive results of these
two methods in PVTT are expected.

Treatments via hepatic artery

The treatments of HCC through the hepatic artery mainly
include yttrium-90 internal radiotherapy, TACE and HAIC.
TACE is still recognized as one of the most commonly used
treatments for unresectable HCC.10-13 In the past decade,
many studies have reported the efficacy of TACE to treat
patients with HCC involving PVTT. Median survival time was
9 (4 to 16) months, and 1- and 3-year overall survival rates
were 48% and 18%, respectively.462-70 In general, patients
who underwent hepatic resection had significantly better
overall survival than those who underwent TACE,67:68.71 eg-
pecially for patients with type I/1I (Vp1-3) PVTT.68

In recent years, with the wide application of targeted
drugs, transarterial treatments combined with targeted
drugs have been increasingly used. The TACTICS study com-
pared the efficacy of TACE combined with sorafenib (n=80)
and TACE alone (n=76) for unresectable HCC (11.8% were
BCLC stage C disease). Patients in the combination group
had a significantly longer median progression-free survival
(25.2 vs. 13.5 months) and time-to-progression (26.7 vs.
16.4 months) than those in the TACE group.’2 A retrospective
study compared the efficacy of sorafenib combined with TACE
(n=164) versus sorafenib alone (n=191) for BCLC stage C
HCC (51.3% involving PVTT). Patients in the combination
group had significantly longer time-to-progression (2.5 vs.
2.1 months) and median survival time (8.9 vs. 5.9 months)
than those in the sorafenib group.”’> A multi-center rand-
omized controlled study compared the efficacy of sorafenib
combined with HAIC (n=125) versus sorafenib alone (n=122)
to treat patients with HCC involving PVTT (Vp1-4).74 Patients
in the combination group also had significantly longer median
survival time (13.4 vs. 7.1 months) and median progression-
free survival (7.0 vs. 2.6 months) than those in the sorafenib
group. However, the combination group had a higher rate of
grade 3/4 adverse events than the sorafenib group.

These studies suggest that TACE or HAIC combined with
sorafenib may be good candidates for patients with HCC in-
volving PVTT. Clinical trials of TACE or HAIC combined with
other targeted drugs (such as lenvatinib, apatinib, etc.) or
immune checkpoint inhibitors (such as nivolumab, trudi-
lizumab, etc.) are ongoing (NCT03755791, NCT03778957,
NCT04191889, NCT03937830, etc.), and more positive re-
sults are expected to guide clinical practice.

Systematic treatment

Since publication of the SHARP study in 2008,75 systematic
drugs for advanced or unresectable HCC have developed
rapidly (Table 3).75-98 Compared with placebo, sorafenib sig-
nificantly prolonged median survival time for patients with
advanced HCC (European and American populations, 10.7
vs. 7.9 months, p<0.001;75 Asian Pacific population, 6.5
vs. 4.2 months, p=0.0147%). Sorafenib is the first effective
drug used as a first-line systematic therapy, but patients
are prone to drug resistance. Therefore, several trials in-
vestigated the efficacy of sunitinib,”” brivanib,”8 linifanib,”°
and sorafenib combined with erlotinib.89 However, when
comparing with sorafenib, all these trials did not meet their
primary end point of overall survival. One trial comparing
the efficacy of FOLFOX4 (intravenously infusional fluoro-
uracil, leucovorin, and oxaliplatin) and doxorubicin also did
not meet its primary end point of overall survival.8! The
REFLECT study analyzed the efficacy of lenvatinib in 954
patients (79% with BCLC stage C HCC) with unresect-

able HCC.82 The median survival time was similar between
lenvatinib and sorafenib groups (13.6 vs. 12.3 months).
However, patients in the lenvatinib group had significantly
longer progression-free survival than those in the sorafenib
group (7.4 vs. 3.7 months), especially in Asian populations,
patients with hepatitis B virus-related HCC, or those with
BCLC stage C disease. Lenvatinib was the first drug with
non-inferiority to sorafenib in overall survival. The ZGDH3
study®3 evaluated the safety and efficacy of donafenib ver-
sus sorafenib as first-line treatment for advanced HCC. Me-
dian survival time was significantly better in the donafenib
group than in the sorafenib group (12.1 vs. 10.3, p=0.036).
Compared with sorafenib (5.1%) and donafenib (4.6%),
lenvatinib (18.8) was associated with the highest objec-
tive response rate (ORR) measured according to Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1. In addi-
tion, donafenib (37.5%) was associated with lower adverse
events of at least grade 3 than that of lenvatinib (56.7) or
sorafenib (44.8%; Fig. 2A).

As a single-arm clinical trial, CheckMate 040 (phase I/
11)84 established the clinical indication of nivolumab, with
ORR of 14.3% per RECIST v1.1. It was approved by the
USA’s Food and Drug Administration to be used as a sec-
ond-line treatment for advanced HCC. The Checkmate 459
study85 compared the efficacy of nivolumab and sorafenib
as first-time treatments in 743 patients with advanced
HCC and failed to acquire the per specified criteria. The
HR of overall survival was 0.85 (95%CI: 0.72-1.02). KEY-
NOTE-524 (phase Ib trial) explored the efficacy of lenvatinib
combined with pembrolizumab for 104 patients with unre-
sectable HCC (68.3% with BCLC stage C HCC). The median
overall survival was 22 months and the incidence of adverse
events of at least grade 3 was 67%.8¢ The IMbravel50
study®7 included 501 patients with unresectable HCC (82%
BCLC stage C HCC) who received atezolizumab plus beva-
cizumab or sorafenib. Overall survival (HR: 0.58, 95% CI:
0.42-0.79), progression-free survival (HR: 0.59, 95% CI:
0.47-0.76), and ORR (27.3% vs. 11.9%) of patients who
received atezolizumab plus bevacizumab were significant-
ly better than those who received sorafenib. However, the
ORR was only 8.5% among those who underwent atezoli-
zumab monotherapy (n=59).88 A recent phase 1I trial from
China reported the efficacy and safety of camrelizumab plus
apatinib (n=70) for patients with advanced HCC. The ORR
was 34.3% but with a high incidence of adverse events of
at least grade 3 (78.6%; Fig. 2A).8°

Due to sorafenib-treated patients showing a propensity
to drug resistance, some researchers have explored the
efficacy and safety of other targeted drugs and immune
checkpoint inhibitors as second-line systemic treatment.
The RESORCE study (86.7% BCLC stage C HCC) confirmed
that sorafenib followed by regorafenib extended the sur-
vival time of HCC patients to more than 26 months.%0 This
survival time is encouraging. However, the ORR was only
6.6% with a high incidence of adverse events of at least
grade 3 (66.3%; Fig. 2B). Another study included 707 pa-
tients (86.7% BCLC stage C HCC) who had received previ-
ous treatment with sorafenib for advanced HCC and found
cabozantinib significantly prolonged median survival time
(10.2 vs. 8.0 months, p=0.005) and progression-free sur-
vival (5.2 vs. 1.9 months, p<0.001) compared with pla-
cebo.®! Also, the ORR was as low as 3.8%, and the inci-
dence of adverse events of at least grade 3 was as high as
67.7%.9' Ramucirumab (35.3% BCLC stage C HCC) also
significantly prolonged median survival time (8.5 vs. 7.3
months, p=0.020) and progression-free survival (2.8 vs.
1.6 months, p<0.001) compared with placebo in patients
with HCC and a-fetoprotein concentrations of at least 400
ng/mL who had previously received sorafenib.92 Moreover,
ramucirumab was well tolerated.®2°3 The KEYNOTE-240
study®# (79.4% BCLC stage C HCC) compared the efficacy
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A _
0 | B
Lenvatinib Cam Ate Sorafenib
plus plus plus Lenvatinib | Nivolumab | Linifanib | Brivanib Ate FOLFOX4 plus Sunitinib | Sorafenib | Donafenib Dox Placebo
Pem apatinib Bev (n=478) (n=633) (n=514) (n=577) (n=59) (n=184) erlotinib (n=530) (n=3797) (n=334) (n=187) (n=379)
=100 | (n=70) (n=490) (n=362)
B Objective response rate, % 36 343 26.7 188 167 13 12 85 82 6.6 6.6 59 46 27 05
[ Adverse events of grade >3, % 67 786 534 56.7 21 853 11.7 13.6 557 87 82.1 516 375 454 87
B
Nivolumab Cam
plus plus Pem Apatinib Ramucirumab Regorafenib S-1 Ramucirumab | Cabozantinib Placebo
ipilimumab apatinib (n=382) (n=261) (n=283)* (n=379) (n=222) (n=197) (n=470) (n=1186)
(n=148) (n=120)
B Objective response rate, % 29.1 225 18.1 107 7.1 6.6 54 46 38 15
M Adverse events of grade >3, % 377 76.7 46 76.2 353 663 405 345 67.7 319

Fig. 2. Percentages of ORRs and adverse events of at least grade 3 in clinical trials of systematic therapy for advanced or unresectable HCC. (A) First-
line therapy. (B) Second-line therapy. The level of response was measured according to RECIST 1.1. The total sample size equals the sum of the sample sizes for each
trial. Percentages were obtained by the number of cases (ORR or adverse eventsof grade >3) in each trial divided by the total sample size of trials. *For patients with
a-fetoprotein concentrations of at least 400 ng/mL. Ate, atezolizumab; Bev, bevacizumab; Cam, camrelizumab; Dox, doxorubicin; FOLFOX4, intravenously infusional

fluorouracil, leucovorin, and oxaliplatin; Pem, pembrolizumab.

of pembrolizumab and placebo for patients with advanced
HCC previously treated with sorafenib. Although pembroli-
zumab prolonged median overall survival time (13.9 vs. 10.6
months, p=0.024) and median progression-free survival
time (3.0 vs. 2.8 months, p=0.002), overall and progres-
sion-free survival did not reach statistical significance per
specified criteria, which are consistent with the findings of
KEYNOTE-224.95> Another Checkmate 040 study®® (phase 1/
IT) included 148 HCC patients who had sorafenib resistance.
In a ratio of 1:1:1, patients were randomly divided into three
groups to explore the prognostic impact of different dose
regimens of nivolumab combined with ipilimumab. The study
found that patients who received “nivolumab 1 mg/kg plus
ipilimumab 3 mg/kg (every 3 weeks) for four cycles, followed
by nivolumab 240 mg (every 2 weeks)” had the best survival
time (22.8 months) and highest ORR (32.0%). The chemo-
therapy drug fluoropyrimidine (S-1) was also investigated
as second-line therapy in patients with sorafenib-refractory
advanced HCC. However, S-1 did not prolong overall survival
compared with placebo.®” The efficacy and safety of apat-
inib with8° (n=120) or without®® camrelizumab (n=261) as
second-line therapy were also reported from China. The cor-
responding ORRs were 22.5% and 10.7%, respectively, and
the incidence rates of adverse events of at least grade 3 were
76.7% and 76.2%, respectively (Fig. 2B). And last, some

studies also demonstrated that metronomic capecitabine
may be an efficient and safe second-line systemic therapy
after sorafenib failure in patients with HCC,99:100

In conclusion, combination therapy with tyrosine kinase
inhibitors and immune checkpoint inhibitors as first-line
therapy provides the highest ORR (>30%), suggesting
promise for patients with HCC involving PVTT. As second-
line therapy, however, nivolumab plus ipilimumab or camre-
lizumab plus apatinib provides an acceptable ORR for such
patients (>20%). However, when administered either as
first- or second-line therapy, camrelizumab plus apatinib is
associated with the highest incidence of adverse events of
at least grade 3 (Fig. 2). The sample size of the underlying
supporting trials should be taken into account when recom-
mending their corresponding study findings. Therefore, the
ASCO guideline on systemic therapy for advanced HCC10!
stated that atezolizumab plus bevacizumab, sorafenib, or
lenvatinib may be offered as first-line treatment for most
patients with advanced HCC; following first-line therapy
with sorafenib or lenvatinib, second-line therapy options
include cabozantinib, regorafenib or ramucirumab (for pa-
tients with a-fetoprotein 2400 ng/mL), and pembrolizumab
or nivolumab. Until now, no clinical trial or cohort study in-
vestigating systematic therapy for different classification of
PVTT has been reported.
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Future directions

Due to the large differences in the incidence of HCC, the
different pathogenic factors of HCC, and the differences in
the culture and economic living standards of the popula-
tion in eastern and western countries, the recommended
treatment opinions of HCC official guidelines in eastern and
western countries are also not consistent. Different guide-
lines offer treatment recommendations based on different
classification systems and points of view. In addition, future
studies are expected to continue to explore markers that
predict efficacy. Finally, due to the great influence of dif-
ferent PVTT classification on the prognosis of patients with
HCC, further exploration on PVTT classification is expected
in future clinical trials related to multiple kinase inhibitors
and immune checkpoint inhibitors.

Many patients with HCC involving PVTT have a long-term
survival benefit from the most traditional treatment, such as
hepatic resection, but with high rate of postoperative recur-
rence. It is necessary to combine neoadjuvant or adjuvant
therapy to reduce recurrence rate and ultimately improve
overall survival. Adjuvant targeted agents plus immune
checkpoint inhibitors after surgery may be a therapeutic di-
rection in the future.4® Three-dimensional conformal radio-
therapy, proton radiotherapy and stereotactic radiotherapy
have definite efficacy in controlling PVTT. In addition, radio-
therapy acts as a strong modulator of the tumor immune
microenvironment. Radiotherapy combined with immune
checkpoint inhibitors augments the tumoricidal effect by
upregulating the major histocompatibility complex and in-
creasing susceptibility to T-cell-mediated cell death.192 Radi-
otherapy combined with other treatment measures to control
primary lesions and improve the survival time of patients is
important. Although the efficacy of monotherapy with a mul-
ti-kinase inhibitor or immune checkpoint inhibitor is unsat-
isfactory for patients with advanced HCC, “T+A” treatment
is brilliant. With the diversification of therapeutic drugs and
regimens, more emphasis should be placed on multidiscipli-
nary treatment in clinical practice, and the comprehensive
treatment concept of local treatment plus systematic treat-
ment should be strengthened. It is believed that the survival
period of patients with HCC, including those complicated with
PVTT, will be greatly prolonged in the future. Finally, some
conventional drugs in new use, such as heparins, may also
be useful for patients with HCC and PVTT.103

Conclusions

Hepatic resection is the most effective therapy for select-
ed patients with HCC and PVTT, while radiotherapy, TACE,
HAIC, multi-kinase inhibitors, and immune checkpoint in-
hibitors are also used to prolong progression-free survival
so as to improve overall survival for such patients. At pre-
sent, more and more clinical trials on immune checkpoint
inhibitors, chimeric antigen receptor T-cell, etc., are under
development or scheduled to be carried out in the near fu-
ture, throughout various countries and regions around the
world.104 However, in clinical practice, both clinicians and
patients need to rationally consider the indications of these
drugs or regimens, the occurrence of fatal adverse events,
and the optimal fit for the population.
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