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Background/Aim: To evaluate the applicability of transarterial chemoembolization (TACE)
treatment with doxorubicin drug-eluting beads (DEBs) in advanced hepatocellular carcinoma
(HCCQ) patients with portal vein invasion (PVI).

Methods: This prospective study was approved by the institutional review board and
informed consent was obtained from all participants. A total of 30 HCC patients with PVI
received DEB-TACE between 2015 and 2018. The following parameters were evaluated:
complications during DEB-TACE, abdominal pain, fever, and laboratory outcomes, including
liver function change. Overall survival (0S), time to progression (TTP), and adverse events
were also analyzed and assessed.

Results: DEBs measuring 100-300 pm in diameter were loaded with doxorubicin (150 mg
per procedure). There were no complications during DEB-TACE and no significant differences
in the levels of prothrombin time, serum albumin, or total bilirubin at follow-up compared
to baseline. The median TTP was 102 days (95% confidence interval [Cl], 42-207 days)
and the median OS was 216 days (95% Cl, 160-336 days). Three patients (10%) had severe
adverse reactions, including transient acute cholangitis (n=1), cerebellar infarction (n=1), and
pulmonary embolism (n=1), but no treatment-related death occurred.

Conclusions: DEB-TACE may be a therapeutic option for advanced HCC patients with PVI.
(J Liver Cancer 2023;23:166-176)
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INTRODUCTION radiotherapy results in an improved survival period com-

Systemic therapies are regarded as a standard treatment for
hepatocellular carcinoma (HCC) patients with portal vein
invasion (PVI)."” However, sorafenib only showed a limited
survival benefit over placebo in advanced HCC patients with
macroscopic vascular invasion in the SHARP trial.” In a re-
cent study, although the combination of atezolizumab and
bevacizumab was associated with better clinical outcomes
over sorafenib, only 38% of patients in the combination
group had macrovascular invasion.” Asian HCC practice
guidelines’ recommend conventional transarterial chemo-
embolization (TACE) for HCC patients with lobar PVI.
Moreover, in real world practice, conventional/drug-eluting
bead (DEB) TACE, radioembolization, external radiation
therapy, arterial or systemic chemotherapy, and combination
therapy are all widely performed on patients with PVI, de-
pending on the practitioner’s preference. Recently, a ran-

domized clinical trial reported that conventional TACE plus
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pared to sorafenib treatment for advanced HCC patients
with macrovascular invasion.’

In many studies, DEB-TACE has shown non-inferior sur-
vival for HCC patients with no significant differences in sys-
temic toxicity compared to conventional TACE.”* Moreover,
DEB-TACE has also shown better results in post-emboliza-
tion syndrome.”'* Therefore, in many HCC practice guide-
lines, including the European Association for the Study of
the Liver (EASL),""* DEB-TACE is recognized as an equiva-
lent treatment modality to conventional TACE.

The efficacy and safety of conventional TACE in HCC pa-
tients with PVI has been widely reported in the literature." "
However, the survival advantages and safety of DEB-TACE
have not been demonstrated in patients with advanced HCC
with PVI. In this prospective study, the safety and survival
advantages of DEB-TACE in patients with advanced HCC

and PVI were evaluated.""
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METHODS

1. Patients

Patients with PVI, from the third or lower order branch
(Vpl) to main portal vein (Vp4), who were diagnosed with
HCC and received DEB-TACE as initial treatment were eli-
gible for this study. The diagnosis of HCC was based on the
non-invasive criteria of the American Association for the
Study of Liver Diseases (AASLD).” PVI was deemed to be
present on observation of a low-attenuating mass that ex-
panded the portal vein and/or filling defects in the main por-
tal vein on three-phase dynamic computed tomography (CT)
and/or magnetic resonance imaging (MRI). The Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines were followed (Supplemen-
tary Table 1).

Informed consent was obtained from all patients prior to
enrollment. The study was designed by the principal aca-
demic investigators. Data were managed in parallel by the
Data and Safety Monitoring Board and the principal investi-
gators. Clinical research information is available on the In-
ternational Clinical Trials Registry Platform website, which is
provided by the World Health Organization.

Subjects who were eligible for inclusion/exclusion criteria
after the screening test received the first DEB-TACE treat-
ment within a maximum of 28 days after the screening test.
The next DEB-TACE was performed based on the re-per-
forming criteria, and the treatment period was considered
from the first DEB-TACE to the last treatment. At baseline,
abdominal and chest imaging (dynamic CT and/or MRI)
were performed within 28 days before the first DEB-TACE.
The efficacy and safety of DEB-TACE was evaluated every 4
weeks after each DEB-TACE treatment period. Additional
DEB-TACE was performed as needed within 4-6 weeks of
the previous DEB-TACE. Patients who did not require any
additional DEB-TACE due to absence of residual tumor after
DEB-TACE were clinically evaluated every 4 weeks and re-
ceived dynamic spiral CT or MRI every 8 weeks. Subjects
who met the DEB-TACE treatment discontinuation criteria
were confirmed safety within 30 days (£7 days) of their last
DEB-TACE treatment and had a follow-up period for sur-
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vival analysis every 84 days (£7 days) (84 days based on
DEB-TACE).

2. Outcomes and follow—up

Data regarding clinical and laboratory findings were pro-
spectively acquired from all subjects by reviewing their elec-
tronic medical records. One radiologist (H.C.K) who was
blinded to the survival data independently reviewed all the
radiologic images to determine the number and size of tu-
mors, the presence or absence of vascular invasion, the treat-
ment response, and recurrence. Diffuse or infiltrative type
HCC with no discrete margin was regarded as a large mass,
and in this case the radiologist measured the size of diffuse or
infiltrative type of tumor." Based on the CT or magnetic res-
onance imaging findings, the radiologist identified the bor-
der of tumor and non-tumor parenchyma and measured the
size of tumor, as previously described.”

DEB-TACE was performed if the patient agreed to under-
go the procedure. DEB (DC bead, Biocompatibles, Farnham,
United Kingdom) measuring 100-300 pm in diameter were
loaded with doxorubicin according to the manufacturer’s in-
structions (150 mg per procedure). DEB-TACE was per-
formed as selectively as possible through the lobar, segmen-
tal, or subsegmental arteries depending on the tumor
distribution and hepatic functional reserve. Two months lat-
er, a three-phase dynamic CT scan with contrast material was
conducted to identify any remaining viable or recurring tu-
mors. If the patient’s hepatic functional status remained poor
(Child-Pugh class B or higher) and there was no evidence of
hepatic decompensation (such as uncontrolled ascites or
portosystemic encephalopathy), DEB-TACE was performed
until there was no sign of viable intrahepatic tumors. The ab-
sence of viable intrahepatic tumors was determined by ob-
serving a decrease in parenchymal and intraportal tumor
thrombi, as well as the absence of enhancing tumors on
three-phase dynamic CT scans and the lack of tumor stain-
ing during follow-up hepatic arteriography.” Catheterization
via a femoral artery and superselective embolization of the
hepatic artery branches feeding the tumor were performed.

The primary endpoint was time-to-progression (TTP), de-
fined as the time from the date of DEB-TACE to time of tu-
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mor progression. The secondary endpoint included overall
survival (OS), defined as the interval between the date of di-
agnosis and the date of death from any cause, progression
free survival (PFS), defined as the interval between the date
of DEB-TACE and disease progression or death from any
cause, and treatment-related adverse events, defined as any
event not present prior to the initiation of the treatments or
any event already present that worsens in either intensity or
frequency following exposure to the treatments. Tumor pro-
gression after DEB-TACE was evaluated according to the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST).”

3. Statistical analysis

The baseline patient characteristics were expressed as the
mean (fstandard deviation) or median (range). The Kaplan-
Meier method was used to estimate the OS and TTP. Multi-
variate Cox proportional hazards regression analysis was
performed to identify the prognostic factor for OS and TTP.
All data obtained from subjects administered drugs for clini-
cal study at least once were included in the intention-to-treat
(ITT) analysis. Both the safety and efficacy assessments were
analyzed by I'TT analysis group. All statistical analyses were
performed using PASW statistics for Windows, ver. 22.0
(SPSS Inc., Chicago, IL, USA). All statistical tests were two-
sided and conducted in an explorative manner with a signifi-

cance level of P<0.05.

RESULTS

1. Patients

A total of 30 patients (26 males [86.67%] and four females
[13.33%]) with HCC and PVI treated between October 2015
and September 2018 at Seoul National University Hospital
were enrolled in this exploratory study, and those who
dropped out were not replaced. DEB-TACE and evaluation
were performed following the protocol. Patient flow from
registration to analysis is summarized in the CONSORT dia-
gram of patient flowchart (Fig. 1). Table 1 shows the baseline
characteristic of the study population. The mean age of the

patients was 59.7 years (range, 39-77). Hepatitis B virus
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(HBV) (21 [70.0%]) was the most common etiology of
HCC. All patients were classified as Child-Pugh class A (25
[83.3%]) and B (5 [16.6%]). The median serum alpha-feto-
protein (AFP) and prothrombin induced by vitamin K ab-
sence-1I (PIVKA-II) levels were 274.30 ng/mL (range,
3-100,500) and 502.5 mAU/mL (range, 15-75,000), respec-
tively. Sixteen patients (53.3%) had diffuse or infiltrative type
HCC, 18 (60.0%) had bilobar tumor extent, and 15 (50.0%)
patients had main PVI (Vp4).

2. Safety

No complications occurred during DEB-TACE. The clini-
cal and biochemical toxicity is summarized in Table 2. Treat-
ment-emergent adverse events (TEAEs) occurred in 20 pa-
tients (66.67%) and three patients (10.00%) had serious
adverse reactions including cholangitis (n=1), cerebellar in-
farction (n=1), and pulmonary embolism (n=1), in the ITT
analysis group during the study period. One event with cere-
bellar infarction was considered “probable relevance” with
DEB-TACE and two events were considered “not related”
with DEB-TACE. One patient with cholangitis was treated
with intravenous antibiotic therapy but did not receive bili-
ary drainage because of a lack of bile duct dilatation. There
were no DEB-TACE-related deaths. The frequency of
postembolization syndrome was significantly higher in pa-
tients with Vp4 than in patients with Vp1-3 (10 [66.67%] vs.
5 [33.33%], respectively; £=0.0029). However, there was no

hepatic failure in our patients.

Screened for eligibility (n =30)

Drop-out of screening (n= 0)

Intention to treat (ITT) group
(n=30)

Per-protocol exclusion (n = 30)
Consent withdrawal (n = 5)

Death (n=1)
Others (n=24)

Per-protocol (PP) group
(n=0)

Figure 1. Study design and CONSORT diagram of patient flow.
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3. Efficacy
The results for tumor response are summarized in Table 3.

There was no complete response, but partial response (PR)

Table 1. Baseline characteristics

Clinical characteristic Value
Age (years) 59.7+10.3
Sex

Male 26 (86.67)
Etiology

HBV 21 (70.0)

HCV 3(10.0)

Alcohol 6 (20.0)

NAFLD 0(0.0)
Albumin (g/dL) 3.83+0.54
Total bilirubin (mg/dL) 1.0+0.58
Prothrombin time (INR) 1.11£0.14
Platelets (x10%/L) 148.5466.3
Child-Pugh class

A 25(83.3)

B 5(16.7)
Log(AFP) (ng/mL) 2444125
Log(PIVKA-II) (mAU/mL) 2.85+1.18
Total sum of diameters of viable lesions (cm) 71434
Number of nodules 1.60£0.62
Type of HCC

Nodular 14 (46.7)

Diffuse or infiltrative 16 (53.3)
Level of PVI

Vp1-Vp3 15 (50.0)

Vp4 15 (50.0)
Tumor extent

Unilobar 12 (40.0)

Bilobar 18 (60.0)
Extrahepatic metastasis

None 29 (96.7)

Yes 1(33)

Values are presented as mean+standard deviation or number (%).
HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, nonalcoholic
fatty liver disease; AFP, alpha-fetoprotein; PIVKA-II, prothrombin
induced by vitamin K absence-Il; HCC, hepatocellular carcinoma; PVI,
portal vein invasion.

*by Pearson chi-squared test; 'by Fisher’s exact test; by student’s
t-test or Mann-Whitney test.
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and stable disease (SD) were achieved in eight (26.67%) and
10 progressive disease (PD) patients (33.33%). Seven pa-
tients (23.33%) had PD after DEB-TACE.

Among the 30 patients in the ITT analysis group, tumor
progression or death was confirmed in 23 patients (76.67%).
The median TTP was 102.00 days (range, 42.00-207.00)
(Fig. 2A) and the median survival time of PFS was 167.00
days (range, 61.00-248.00) (Fig. 2B). As a result of OS, death
was confirmed in 21 patients (70.00%) out of 30 patients,
with a median OS of 216.00 days (range, 160.00-336.00)
(Fig. 2C). Multivariate Cox regression analysis showed that
the baseline PVI Vp4 level (vs. Vp1-3 level) was not a signifi-
cant prognosticator for OS (hazard ratio [HR], 0.399; 95%

Table 2. Toxicity from DEB-TACE

Variable Value
Blood and lymphatic system disorders

Neutropenia, Grade 1 1(2.63)

Thrombocytopenia, Grade 1 1(2.63)
Gastrointestinal disorders

Abdominal pain 6 (15.79)

Ascites 5 (13.16)

Duodenal ulcer hemorrhage 1(2.63)

Nausea 1(2.63)

Esophageal variceal progression 1(2.63)
General disorders and administration site condition

Pyrexia 15(3947)
Hepatobiliary disorders

Cholangitis 1(2.63)
Metabolism and nutrition disorders

Decreased appetite 1(2.63)
Musculoskeletal and connective tissue disorders

Back pain 1(2.63)

Pain in extremity 1(2.63)
Nervous system disorders

Cerebellar infarction 1(2.63)
Respiratory, thoracic and mediastinal disorders

Pulmonary embolism 1(2.63)
Skin and subcutaneous tissue disorders

Pruritus 1(2.63)
Total 38 (100.00)

Values are presented as number (%).
DEB-TACE, drug-eluting bead transarterial chemoembolization.
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confidence interval [CI], 0.026-6.198; P=0.511). Moreover,
multivariate Cox regression analysis demonstrated that HBV
etiology (HR, 5.79; 95% CI, 1.131-29.652; P=0.035) was a
significant risk factor for poor survival, and hepatitis C virus
etiology (HR, 26.304; 95% CI, 0.749-923.218; P=0.072) and
tumor number (3 or more vs. 1-2) (HR, 0.053; 95% CI:
0.002-1.701; P=0.097) had a tendency to be associated with

Table 3. Tumor response by mRECIST

Variable Value
Complete response 0(0.00)
Partial response 8 (26.67)
Stable disease 10(33.33)
Progressive disease 7(23.33)
Not applicable 5%(16.67)
Total 30 (100.00)

Values are presented as number (%).

mRECIST, modified response evaluation criteria in solid tumors.
*Tumor responses were not evaluated due to early termination by
investigator's decision (n=3) and consent withdrawal (n=2).

Time to progression

Survival Probabillity

Time to progression(days)

Overall sunvival

Survival Probability

Overall Survival(days)

Number at risk
L3 2 12 6

] 100 200 0 00 500

©

poor survival (Table 4).

Additionally, survival analyses were performed between
the disease control group (PR+SD) and the other group
(PD+not applicable) according to treatment response (Table
5). The disease control group was found to have a signifi-
cantly longer TTP than the other group (median, 207 days
[95% CI, 57-207] vs. 35 days [95% CI, 22-42]; P<0.0001)
(Fig. 3A). PFS was significantly longer in the disease control
group compared to the other group (median, 207 days [95%
CI, 102-367] vs. 41 days [95% CI, 28-248]; P=0.0037) (Fig.
3B). OS was significantly longer in the disease control group
compared to the other group (median, 224 days [95% CI,
131-389] vs. 176 days [95% CI, 80-260]; P=0.0487) (Fig.
3C). However, no significant different clinical outcomes were
observed in terms of OS, PFS, and TTP between Child-Pugh
class A and B. The OS was similar with Child-Pugh class A to
Child-Pugh class B (median, 216 days [95% CI, 160-260] vs.
389 days [95% CI, 62-399]; P=0.6264). PES was similar with
Child-Pugh class A to Child-Pugh class B (median, 167 days
[95% CI, 57-336] vs. 131 days [95% CI, 41-389]; P=0.8805).

Progression-free survival

Survival Probabillity

Progression-free Survival(days)

100 20 0 w0 50

Figure 2. Kaplan-Meier curves of (A) time to progression, (B) progression-free survival, and (C) overall survival.
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Table 5. Survival analyses according to treatment response

DC bead
PR+SD PD+not applicable Frvalue
ITT 18 12
Time to progression (days) 207 (57-207) 35 (22-42) <0.0001*
Progression in HCC 18 8
Yes 3(16.67) 8(100.00) 0.0001"
No 15(83.33) 0(0.00)
Overall survival rate (days) 224 (131-389) 176 (80-260) 0.0487*
Survival rate 18 12
Yes 12 (66.67) 9 (75.00) 07036
No 6(33.33) 3(25.00)
Progression-free survival 18 12
Yes 13(72.22) 10 (83.33) 0.6693'
No 5(2778) 2 (16.67)
Time to progression free survival (days) 207 (102-367) 41 (28-2498) 0.0037

Values are presented as median survival time (95% confidence interval) or number (%).
PR, partial response; SD, stable disease; PD, progressive disease; ITT, intention-to-treat; HCC, hepatocellular carcinoma.
*P-value: Log rank test; 'P-value: Fisher's exact test.

Time to progression Progression-free suvival

Tumor response

Survival Probabillity
Survival Probabillity

Time to progression(days)

Number at risk
PO+t appicatie | 8 1 0
PRYSD 18 s 3 1 1

®) " : - - -

Overall suvival

Survival Probabillity

Duration (days)
Number at risk
PD#Not applcable |12 s 3 1 )
PReSD 18 12 s s 1 [

: 0 100 0 20 a0 s00

Figure 3. Kaplan-Meier curves of (A) time to progression, (B) progression-free survival, and (C) overall survival according to subgroup analysis
(the disease control group [PR+SD] vs. the other group [PD+not applicable]). PD; progressive disease, PR; partial response, SD; stable disease.
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TTP was similar with Child-Pugh class A to Child-Pugh class
B (median, 102 days [95% CI, 42 to not reached] vs. 207 days
[95% CI, 41-207]; P=0.3954).

DISCUSSION

This is the first prospective study in which the safety and
efficacy of DEB-TACE for the treatment of advanced HCC
with PVI is evaluated. In this study, DEB-TACE was safe but
achieved modest survival gain in patients with advanced
HCC and PVI. Although the baseline PVI level was not a sig-
nificant survival factor, tumor number had a tendency to be
associated with overall survival. Based on the results, DEB-
TACE may be a treatment option for patients with HCC and
PVI <3.

Many international guidelines recommend only systemic
therapy using molecular targeting agents or immune check-
point inhibitors for the treatment of advanced HCC. Recent-
ly, the combination of atezolizumab and bevacizumab has
been demonstrated to result in significantly longer OS and
PES, as well as better patient-reported outcomes, than
sorafenib as a first-line systemic therapy.* However, approxi-
mately 30% of patients with HCC do not respond to these
combination therapies. Therefore, there is a need to establish
a more effective therapy than combination of atezolizumab
and bevacizumab for the treatment of HCC.

Uka et al.” reported that most patients with an advanced
intrahepatic tumor stage and major vascular invasion died
from intrahepatic tumor. The cause of death for patients
with main PVI is the progression of intrahepatic HCC.”
Therefore, providing locoregional strategies for the control
of intrahepatic tumors is a reasonable research aim. Recent
data have shown that DEB-TACE may be an effective locore-
gional approach by improving drug delivery, reducing sys-
temic drug exposure, and decreasing adverse effects.”*’
Moreover, a retrospective study demonstrated the safety and
effectiveness of DEB-TACE in patients with advanced
HCC.” DEBs are an innovative system for delivering drugs
through embolization, which aims to provide a higher and
more consistent release of the drug directly to the tumor,

while limiting the amount of drug released into the wider
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bloodstream. The ultimate goal is to enhance the drug’s re-
sponse to the tumor while reducing its toxicity in other parts
of the body. Research conducted both in laboratories and
with patients has demonstrated that DEB-TACE enables
higher and longer retention of doxorubicin within the tu-
mor, while also resulting in lower levels of the drug circulat-
ing throughout the body, when compared to conventional
TACE methods.”****

Although TACE has been contraindicated in HCC patients
with main PVI, occlusion of the main portal vein induces the
gradual development of periportal collateral circulation. In
addition, the superselective catheterization of feeder vessels
with a microcatheter helps minimize hepatic parenchymal
damage during TACE. Therefore, if a superselective TACE
technique is used in patients with HCC invading the main
portal vein, the occurrence of fatal complications appears
unlikely, especially in patients with well-developed collateral
circulation around the portal trunk and a good hepatic re-
serve.” Although the median OS of DEB-TACE in our study
was only 216 days, which was not significantly higher than
those of systemic therapies including sorafenib, lenvatinib,
and atezolizumab+bevacizumab, DEB-TACE could be per-
formed safely in patients with PVI. Thus, DEB-TACE could
be considered a potential combinatorial locoregional therapy
for use as a systemic therapy.

This study has several limitations. First, a relatively small
sample size was used. Further studies using a larger sample
size will be needed to confirm the small differences observed
in survival among the treatment groups. Second, the efficacy
of DEB-TACE for patients with PVI was not compared with
that of conventional TACE in this study. DEB-TACE may
induce peripheral and permanent embolization, which may
lead to wider hepatic infarction than conventional TACE.
Therefore, further studies evaluating the efficacy and safety
of DEB-TACE compared to conventional TACE are needed.

In conclusion, for patients with HCC with PVI >3, DEB-
TACE showed relatively longer OS with relatively lower inci-
dence of treatment-related adverse events. Therefore, DEB-
TACE may be a treatment option for patients with advanced
HCC and PVI. Further larger scale prospective studies will be
needed to confirm the efficacy of DEB-TACE in these pa-
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tients, as well as to compare the therapeutic efficacy of DEB-

TACE with newer systemic therapies.
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