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DEM-TACE as the initial treatment it

could improve the clinical efficacy

of the hepatocellular carcinoma with portal
vein tumor thrombus: a retrospective controlled
study

Junwei Chen'", Lisha Lai', Junyang Luo', Haofan Wang', Mingan Li' and Mingsheng Huang'"

Abstract

Background: Conventional-transarterial chemoembolization (C-TACE) was proven to improve overall survival (OS)
in hepatocellular carcinoma (HCC) patients with portal vein tumor thrombus (PVTT), drug-eluting microsphere-TACE
(DEM-TACE) was supposed to provide more benefit than C-TACE in this respect.

Purpose: To compare the safety and efficacy between DEM-TACE and C-TACE as the initial treatment in HCC patients
with PVTT and to identify prognostic factors of OS.

Methods: The medical records of advanced HCC patients with PVTT who underwent DEM-TACE or C-TACE as the
initial thearpy from September 2015 with mean follow-up time 14.94+ 1.2 (95% Cl 12.6-17.2) months were retrospec-
tively evaluated. A total of 97 patients were included, 49 patients in the DEM-TACE group and 48 in the C-TACE group.
Adverse events (AEs) related to TACE were compared. Tumor and PVTT radiologic response, time to tumor progression
(TTP) and OS were calculated and compared in both groups.

Results: Patients in DEM-TACE group had a better radiologic response (Tumr response: 89.8% vs. 75.0%; PVTT
response: 85.7% vs. 70.8%; overall response: 79.6% vs. 58.3%, P=0.024) and longer TTP (7.0 months vs. 4.0 months,
P=10.040) than patients in C-TACE group. A lower incidence of abdominal pain was found in the DEM-TACE group
than in C-TACE group (21 vs. 31, P=0.032), but there were no significant differences between DEM-TACE and C-TACE
patients in any other AEs reported. When compared to C-TACE, DEM-TACE also showed significant OS benefits

(12.0 months vs. 9.0 months, P=0.027). DEM-TACE treatment, the absence of arterioportal shunt (APS), lower AFP
value and better PVTT radiologic response were the independent prognostic factors for OS in univariate/multivariate
analyses, which provided us with a guide for better patient selection.

tJunwei Chen and Lisha Lai contributed equally to this work.

*Correspondence: huangmsh@mail.sysu.edu.cn

! Department of Interventional Radiology, the Third Affiliated Hospital of Sun
Yat-Sen University, Tianhe Road 600#, Tianhe District, Guangzhou 510630,
Guangdong, China

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-022-10361-5&domain=pdf

Chen etal. BMC Cancer  (2022) 22:1242

Page 2 of 12

Conclusions: Based on our retrospective study, DEM-TACE can be performed safely and might be superior to C-TACE

as the initial treatment for HCC patients with PVTT.
Trial registration: Retrospectively registered.

Keywords: Transarterial chemoembolization, Drug-eluting microsphere, Hepatocellular carcinoma, Portal vein tumor

thrombosis

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common cancers with poor survival outcomes world-
wide [1, 2]. Portal vein tumor thrombus (PVTT) occurs
in up to 44% of patients with HCC at the time of death
and approximately 10%-40% of patients at the time of
diagnosis [3, 4]. The presence of PVTT has a strong
association with prognosis with a short median survival
time (2—4 months) [4]. Furthermore, PVTT also limits
treatment options, including radical treatments, such
as liver transplantation and curative resection, and the
optimal treatment for advanced HCC patients with
PVTT remains largely controversial [1].

The Barcelona Clinic Liver Cancer (BCLC) group
recommended system therapy (include tyrosine kinase
inhibitor-TKI and immune checkpoint inhibitors-1CIs)
as a standard therapy for patients with advanced HCC
(BCLC stage C), including patients with PVTT [1, 5,
6]. However, survival benefits from systemic therapy
among patients with advanced-stage HCC patients
with PVTT are poor[7, 8]. Several studies have dem-
onstrated that conventional transarterial chemoembo-
lization (C-TACE) is a palliative treatment for advanced
HCC patients and that it could improve survival com-
pared to sorafenib therapy [9, 10]. However, repeating
C-TACE is limited due to decreased liver function and
the resulting diminished efficacy.

The advent of drug-eluting microsphere-TACE
(DEM-TACE) represents an advanced technology, as
these delivery systems slowly release chemotherapeutic
drugs into HCC tissues, consequently improving safety
and efficacy compared with C-TACE [11-13]. Some
studies indicated that DEM-TACE could decrease
the number of TACE cycles and improve the early
tumor response rate compared with C-TACE [14,
15]. The survival benefit of DEM-TACE has also been
reported in previous study [11]. However, the signifi-
cance of DEM-TACE in HCC patients with PVTT has
not been reported. Therefore, this retrospective study
was conducted to evaluate the safety and efficacy of
DEM-TACE in advanced HCC with first-, second- or
lower-order portal vein tumor thrombus compared
with C-TACE.

Materials and methods

Study design and population

This retrospective study was approved by the ethics
committee of the third affiliated hospital of Sun Yat-Sen
University, and it conformed to the standards of the Dec-
laration of Helsinki ([2021]02-288-01). Due to the ret-
rospective nature of the study, the Institutional Review
Board of the third affiliated hospital of Sun Yat-Sen Uni-
versity waived the need for written informed consent. We
reviewed the electronic medical records of 372 advanced
HCC patients with PVTT who accepted DEM-TACE or
C-TACE as the initial therapy from September 2015 to
August 2017 at the third Affiliated Hospital of Sun Yat-
sen University, Guangzhou, China. The choice of TACE
has been made on a case-to-case basis by the multi-dis-
ciplinary treatment board (consisting of interventional
radiologists, medical oncologists and liver surgeons), and
after in-depth discussion with the patient himself/herself.
Before the initial TACE, the interventional radiologists
would ask patients to choose from either DEM-TACE or
C-TACE after detailed introduction of each technique
and informed consent forms for DEM-TACE or C-TACE
would be required to be signed. The diagnosis of HCC
was based on the criteria of the European Association for
the Study of the Liver (EASL) [1]. The presence of PVTT
was confirmed that the detection of the enhancement of
an intraluminal mass expanding portal vein (first-, sec-
ond- or lower-order portal vein) on the arterial phase and
a low-attenuation, intraluminal mass on the portal phase
on three-phase dynamic CT/MR images.

The eligibility criteria were as follows: (a) imaging or
pathological diagnosis of unresectable hepatocellular
carcinoma; (b) Child-Pugh class A or B, and Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0-2; (c) presence of PVTT within 7 days before
TACE; (e) no previous treatment. The exclusion criteria
were as follows: (a) PVTT invade the main portal vein;
(b) acceptance of surgery, liver transplantation or local-
regional therapies (radiofrequency ablation, radioactive
seed implantation, etc.); (c) acceptance of intra-arterial
chemoinfusion; (d) other serious medical comorbidities;
and (e) contraindications to lobaplatin, doxorubicin, lipi-
odol or TACE procedures.
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C-TACE and DEM-TACE procedures

TACE was performed using a 5-F RH catheter (Cook,
Bloomington, USA) or a Cobra catheter (Cook, Bloom-
ington, USA) and a 2.4F microcatheter (Renegade, Bos-
ton Scientific, USA; Master PARKWAY HF, Asahi, Japan;
Merit Maestro Microcatheter, Merit Medical, USA)
superselectively towards the tumor-feeding arteries,
depending on the tumor distribution and hepatic func-
tional reserve. Lobaplatin at a concentration of 0.5 mg/
mL was infused into the tumor feeding arteries superse-
lectively at a rate of 5 mL/min, and the total amount of
lobaplatin (20 to 50 mg) depended on the patient’s body
weight in the C-TACE group and DEM-TACE group. In
patients with arterioportal shunt (APS), embolization
using 300-700 pm Embosphere microspheres (Merit
Medical, USA), which were diluted two times with con-
trast medium, was performed superselectively to occlude
the shunt before chemoinfusion in both the C-TACE
group and DEM-TACE group.

For the DEM-TACE group, 30-60 pm or 50-100 pm
HepaSphere microspheres (Merit Medical, USA) loaded
with 30-50 mg doxorubicin hydrochloride was injected
into the tumor-feeding artery superselectively. For the
C-TACE group, an emulsion of 2-20 mL lipiodol (Lipi-
odol Ultrafluide, Guerbet, Aulnay-Sous-Bois, France)
with 20-60 mg doxorubicin hydrochloride (Pfizer, New
York, USA) was also injected superselectively and the
dosage of lipiodol and doxorubicin was determined by
tumor size, vascularity, presence of, APS and underlying
liver function. The embolization endpoint was defined
as stasis of blood flow in the tumor-feeding artery, and
repeated hepatic arteriography was performed to assess
the devascularization after DEM-TACE. If the emboliza-
tion endpoint was not reached, gelatin sponge particles
(Cook, Bloomington, USA), which were mixed with con-
trast material, were administered into the feeder vessels
until stasis in both the DEM-TACE and C-TACE groups.

Safety assessment of DEM-TACE in PVTT patients

Adverse events (AEs) within 1 months after TACE were
performed and reported according to the Society of
Interventional Radiology guidelines [16, 17]. Liver func-
tion tests after first DEM-TACE were also recorded, such
as aspartate aminotransferase, alanine aminotransferase,
total bilirubin, serum albumin and prothrombin time,
were measured 1 month after the initial TACE procedure
to evaluate the safety of DEM-TACE in HCC patients
with PVTT.

Follow-up and re-treatment schedules
All HCC patients in this study were undergone regu-
lar follow-up visits after the initial DEM-TACE or
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C-TACE procedure every 4—8 weeks. Each follow-up
visit included a detailed history and physical examina-
tion, laboratory tests, and abdominal contrast-enhanced
three-phase dynamic spiral CT or MR imaging. Follow-
up TACE was repeated when the recurrent or residual
tumor was detected by enhanced CT/MR in both groups.
And DEM-TACE/C-TACE procedures could be per-
formed in DEM-TACE group and C-TACE group, which
depended on tumor burden, prior treatment history and
patients’s decision. TKI (sorafenib 400 mg bid) was rec-
ommended and administered as per institutional proto-
col if it was agreed by the patient during the follow-up
period, especially in patients diagnosed with PD after the
initial TACE procedure. Patients who refused TKI under-
went TACE or conservative treatment. Patients were fol-
lowed up every 2—3 months thereafter. Time to tumor
progression (TTP) was defined as the time from the first
TACE treatment to progressive disease (PD) according
to the modified Response Evaluation Criteria in Solid
Tumors (mRECIST) criteria [18]. Overall survival (OS)
was defined as the time from the first TACE treatment
to death, and patients alive at the end of follow-up were
recorded as censored.

Radiologic response evaluations

Tumor radiologic response was evaluated separately by
two radiologist ( both with 10 years of experience in liver
imaging) within 4—8 weeks after the initial TACE proce-
dure with contrast-enhanced CT or MR imaging accord-
ing to the mRECIST criteria: complete response (CR)
was defined as the absence of enhanced tumor reflect-
ing complete tissue necrosis in all target lesions; partial
response (PR) was defined as at least a 30% decrease
in the sum of the diameters of the viable target tumor,
reflecting partial tissue necrosis; PD was defined as > 20%
increase in the sum of the diameters of viable target
tumor or the appearance of any new malignant lesions;
and stable disease (SD) was defined as a tumor response
between PR and PD [18]. It was also suggested in the
mRECIST criteria that the presence of PVTT should be
considered as a non-target lesion, and criteria of PVTT
radiologic responses include: CR: disappearance of all
nontarget lesions; non-CR-non-PD: the persistence of
one or more nontarget lesions; and PD is the appearance
of one or more new lesions and/or unequivocal progres-
sion of existing nontarget lesions [18]. The PVTT radio-
logic response was thus defined as the percentage of
patients who had the tumor response rating of CR, and
non-CR-non-PD. Overall response was also evaluated
according to the mRECIST criteria [18]. And radiologic
response rate was defined as the percentage of patients
who showed tumor response level of CR, PR, or SD.
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Statistical analysis

SPSS  Statistics®, version 19 (IBM, Armonk, United
States), for statistical analysis was used for all analyses.
Quantitative data are reported as the mean+SD and
were compared between these two groups using Student’s
t-test. Categorical data were compared using the x2 test.
TTP and OS were analyzed using a Kaplan—Meier curve
and Breslow test. The Cox proportional hazard model
was used for univariate and multivariate analyses to
determine prognostic factors. Differences were deemed
significant when p < 0.05.

Results

Study population

From September 2015 to August 2017, 372 consecutive
patients with HCC fulfilling the eligibility criteria were
included in this study, 275 patients were excluded: 49
patients were in the DEM-TACE group, and 48 were in
the C-TACE group (shown in Fig. 1). The mean follow-up
time was 14.94+1.2 (95% CI 12.6—17.2) months ending in
May 2019. Table 1 summarizes the baseline characteris-
tics of the study subjects, and there were no significant
differences between these two groups for any of the vari-
ables. All patients enrolled had BCLC-C with PVTT and
large tumors, and 13.4% (14/97) of them had extrahepatic
spread at baseline. All TACE procedures were techni-
cally successful, with a mean of 3.2+2.1 TACE cycles
(DEM-TACE cycles: 1.4+0.5; C-TACE cycles: 1.841.9)
in DEM-TACE group and a mean of 3.5%1.7 cycles in
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C-TACE group (P=0.368). 36 patients in DEM-TACE
group had a subsequent C-TACE.

Safety of DEM-TACE vs C-TACE

There was a total of 68 AEs in DEM-TACE group and
86 in C-TACE group without any 30-days mortality nor
treatment-related mortality. AEs after the first TACE pro-
cedure in both groups are shown in Table 2. DEM-TACE
showed a significantly lower incidence of abdominal pain
than C-TACE (P=0.032), all other AEs were comparable
between the 2 groups (P>0.05). Liver function changes
within 1 month after initial DEM-TACE procedures are
described in Table 3 and no significant deterioration in
liver function in DEM-TACE group.

Assessment of radiologic response

The tumor and PVTT radiologic response within
4-8 weeks after inital TACE procedure was recorded
(Table 4). In brief, the tumor radiologic response was
noted in 44 patients (CR:8, PR:23 and SD:13, 89.8%)
in the DEM-TACE group (1 case radiologic response
in DEM-TACE group was shown in Fig. 2 a-e) and 36
patients (CR:2, PR:16 and SD:18, 75.0%) in C-TACE
group. Meanwhile, the PVTT radiologic response was
noted in 42 patients (CR:11, non-CR-non-PD: 31, 85.7%)
in the DEM-TACE group and 34 patients (CR:2, non-CR-
non-PD: 32, 70.8%) in C-TACE group. DEM-TACE group
had better overall response compared to C-TACE group
(79.6% vs. 58.3%, P=10.024).

Advanced HCC patients with PVTT accepted TACE as initial treatment
(n=372, September 2015 to August 2017)

Patients treated with initial DEM-TACE
(n=148)

Excluded (n=99)

-miss data (n=12)

-PVTT invade the main portal vein (n=34)
-acceptance of surgery or local-regional
therapies (n=29)

-acceptance of HAIC (n=11)

-other serious medical comorbidities (n=13)

Patients with first-, second- or lower-order PVTT
included in DEM-TACE group (n=49)

Patients reated with initial C-TACE
(n=224)

Excluded (n=176)

-miss data (n=26)

-PVTT invade the main portal vein (n=56)
-acceptance of surgery or local-regional
therapies (n=45)

-acceptance of HAIC (n=26)

-other serious medical comorbidities (n=23)

Patients with first-, second- or lower-order
PVTT included in C-TACE group (n=48)

Fig. 1 Flow diagram shows exclusion criteria. HCC: hepatocellular carcinoma; PVTT: portal vein tumor thrombus; DEM-TACE: Drug Eluting
Microsphere-TACE; C-TACE: Conventional-TACE; HAIC: hepatic arterial infusion chemotherapy
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Table 1 Baseline characteristics of HCC patients in two groups.” Data are mean + standard deviation. * Pearson Chi-Square was used.
" Continuity Correction was used. & Independent-samples t test was used

DEM-TACE (N=49) C-TACE (N=48) P-Value
Mean Aget 53.67+13.71 5135+£11.34 0.366
Male: Female 41 (83.7%): 8 (16.3%) 43 (89.6%): 5 (10.4%) 0.393"
Cause of liver disease 0.234"
Hepatitis B 49 45
Hepatitis C 0
Others 3
Child-Pugh score 0.776*
A 43 (87.8%) 43 (89.6%)
B 6 (12.2%) 5(10.4%)
ECOG score 0.247*
0 36 (73.4%) 30 (62.5%)
1-2 13 (26.5%) 18 (37.5%)
a-Fetoprotein level (AFP) (ng/mL) 0473*
<400 25 (51.0%) 21 (43.8%)
> 400 24 (49.0%) 27 (56.3%)
PVTT Stage (1 st_order/2"- or lower order) 0.118"
1%-order portal vein (group A) 25(51.0) 32 (66.7)
2" or lower order portal vein (group B) 24.(49.0) 16 (33.3)
APS (present/absent) 17/32 16/32 0.888"
Degrees of APS[19] 0231"
0 6 2
1 4 6
2 5 3
3 2 5
Extrahepatic spread 6 (12.2%) 8(16.7%) 0.536*
Lymph nodes 2 (4.1%) 4 (8.4%)
Lung 2 (4.1%) 2 (4.2%)
Bones 1 (2.0%) 1(2.1%)
Suprarenal gland 1 (2.0%) 1(2.1%)
Tumor size (mm)+ 7264204 75.14+186 0.525%
Tumor Number 0.356"
Single lesion 25 (51.0%) 20 (41.7%)
Multiple Lesions 24 (49.0%) 28 (58.3%)
TACE Times 32+£21 35+1.7 0.368%
Sorafenib (yes/no) 5/44 8/40 0.350*

TTP and OS and analysis of factors affecting OS

Both median TTP and OS were found to be superior
in the DEM-TACE group compared to the C-TACE
group (shown in Fig. 3). The median TTP was cal-
culated to be 7.0 months (95% CI 3.66—10.34) in the
DEM-TACE group and 4.0 months (95% CI 2.96-5.04)
in the C-TACE group (P=0.040). The median OS was
12.0 months (95% CI 6.32-17.69) in the DEM-TACE
group and 9.0 months (95% CI 6.51-11.49) in the
C-TACE group (P=0.027). Fifteen (30.6%) patients
in the DEM-TACE group and 2 (4.2%) in the C-TACE

group were still alive when the analysis was performed
(case shown in Fig. 2 f).

The wunivariate Cox proportional hazards regres-
sion model was used to analyze the factors that affect
OS. In the univariate analysis, treatment using DEM-
TACE, PVTT invading second- or lower-order por-
tal vein branches, absence of APS, encapsulated HCC,
smaller tumor diameter, fewer tumor number, AFP
value <400 ng/ml, better tumor radiologic response and
PVTT radiologic response were identified as signifi-
cant factors. All factors with P-values less than 0.1 were
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Table 2 Adverse events occurred after initial TACE procedure
in both groups. * Pearson Chi-Square was used. " Continuity
Correction was used

DEM-TACE C-TACE P-Value
Abdominal plain 21(42.9%) 31 (646%) 0032
Fever 28(57.1%)  35(72.9%) 0.104%
Ascites 4 (8.2%) 5(104%) 0974"
Biloma requiring percutaneous 1 (2.0%) 0 (0%) 1.000"
drainage
Liver abscess 3(6.1%) 5(104%) 0.689"
Spontaneous bacterial peritonitis 4 (8.2%) 4 (8.3%) 1.000"
Gastrointestinal hemorrhage/ulcera- 2 (4.1%) 1(2.1%) 1.000"
tion
Pulmonary arterial oil embolus 0 (0%) 0 (0%) -
latrogenic artery dissection 1(2.0%) 2 (4.2%) 0.986"
Inguinal hematoma 4 (8.2%) 3 (6.3%) 1.000"

Table 3 Laboratory test results. There were no significant
changes within 1 month before and after DEM-TACE procedure.
ALT: alanine aminotransferase, AST: aspartate aminotransferase

Baseline 1 month after P-Value

15t DEM-TACE

procedure
ALT 66.6+1293 58541053 0.736
AST 669+£509 5894690 0.515
Total bilirubin level 175+9.7 1664+9.9 0.657
(mmol/L)
Serum albumin level 392442 374147 0.055
(9/L)
Prothrombin time (sec) 135+13 13.84+13 0.239

further included in the multivariate Cox proportional
hazards regression analysis, and the results showed that
DEM-TACE (P=0.034), absence of APS (P=0.005), AFP
value <400 ng/ml (P=0.019) and better PVTT radiologic
response (P<0.001) were independent predictive factors
for longer OS. Details are described in Table 5.
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Subgroup analysis

Subgroup analyses on patients who demonstrated APS
during angiography study showed that the median OS
of patients was 7.0 months (95% CI 5.07-8.93) in DEM-
TACE group and 7.0 months (95% CI 5.06-8.95) in
C-TACE group (P=0.095). In patients with absence of
APS, the median OS were 29.0 months (95% CI 22.86—
35.15) in DEM-TACE group and 10.0 months (95% CI
4.60-15.40) in C-TACE group (P<0.001) (shown in
Fig. 4a, 4b).

The median OS of patients with AFP <400 ng/ml was
24.0 months in DEM-TACE group and 16.0 months
(95% CI 6.38-25.62) in C-TACE group (P=0.004). In
patients with AFP>400 ng/ml, the median OS was
8.0 months (95% CI 5.06-10.94) in DEM-TACE group
and 9.0 months (95% CI 6.50-11.50) in C-TACE group
(P=0.255) (shown in Fig. 4c, 4d).

In patents with PVTT without progressive response
(CR + non-CR-non-PD), the median OS was 23.0 months
(95% CI 10.70-35.30) in DEM-TACE group and
15.0 months (95% CI 10.33-19.67) in C-TACE group
(P=0.004). In patients with PVTT with progressive
response (PD), the median OS was 5.0 months (95% CI
2.43-7.57) in DEM-TACE group and 5.0 months (95%
CI 4.09-5.91) in C-TACE group (P=0.380) (shown in
Fig. 4e, 4f).

Discussion

Advanced HCC patients with PVTT are not an absolute
contraindication to C-TACE according to the consen-
sus-based clinical practice guidelines [20, 21], and sev-
eral studies suggested that C-TACE could prolong OS in
HCC patients with PVTT [22, 23]. However, the tumor
response of C-TACE might be unsatisfactory, which
might be due to (1) tumor burden and lipiodol retention
in large tumor(s) with PVTT and (2) the presence of APS
(28.8% to 63.2% in HCC cases) in PVTT patients, which
might cause the oil emulsion used in C-TACE to enter
the portal vein through the shunt, resulting in hepatic

Table 4 Tumor and PVTT Radiologic Responses in advanced HCC Patients with PVTT for these Two Groups according to mRECIST. CR:
Complete Response; PR: Partial Response; SD: Stable Disease; PD: Progressive Disease

Variable Tumor Response Variable PVTT Response Overall Response
DEM-TACE C-TACE DEM-TACE C-TACE (n=48) DEM-TACE C-TACE (n=48)
(n=49) (n=48) (n=49) (n=49)

CR (n) 8 2 CR (n) 11 2 7 0

PR (n) 23 16 Non-CR-non-PD, (n) 31 32 21 16

SD (n) 13 18 11 12

PD (n) 5 12 PD (n) 7 14 10 20

Radiologic 89.8% 75.0% 85.7% 70.8% 79.6% 58.3%

Response rate (%)
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Fig. 2 a. 66 years old, female patients, contrast enhanced CT cross sectional image demonstrating a HCC lesion in segment 6 and PVTT in the
second order portal vein. b. the initial DEM-TACE angiogram demonstrate the feeding artery of tumor and PVTT. c. Contrast enhanced MRI

1 months after the initial DEM-TACE demonstrate the residual tumor. d. second DEM-TACE angiogram demonstrating the residual tumor. e. CT
images acquired 1 months after the second DEM-TACE demonstrate no viable tumour and PVTT (radiologic response: CR). f. MRl images acquired
more than 26 months after the second DEM-TACE demonstrate that the disappearance of PVTT and the patent portal vein

infarction [24, 25]. DEM-TACE is a relatively new tech-
nology commonly used in BCLC-B HCC treatment, but
its significance in advanced stage HCC with PVTT has
not yet been reported.

Several reports suggested that DEM-TACE was well
tolerated in HCC treatment, and it was reported that
it could be safely performed in advanced HCC patients
[26]. Our study reported a comparable complication rate
in both C-TACE and DEM-TACE, except for abdomi-
nal pain incidence (DEM-TACE: 21 vs. C-TACE: 31,
P=0.032). Both treatments could be safely performed
in the treatment of advanced HCC without 30-day
mortality.

It has been previously suggested that DEM-TACE has
better tumor response than C-TACE in several stud-
ies [27, 28]. Seki et al. used HepaSphere microspheres
and achieved a CR of 12.6% and a PR of 43.7%, which
are similar to our results (CR: 16.3% and PR 46.9%) [29].
Our data were consistent with previous studies showing
that the overall radiologic response in the DEM-TACE
group was better than that in the C-TACE group, which
was indicated to be an independent predictive factor for
longer OS in other study [30]. Meanwhile, PVTT radio-
logic response after DEM-TACE have been first reported
in this study, which was also better than that in C-TACE
group (85.7% vs. 70.8%, P=0.022), which was indicated
to be an independent predictive factor for longer OS in

our multivariate analysis (P<0.001). Furthermore, in the
current study, DEM-TACE was proven to prolong the
TTP (7.0 months (95% CI 3.66-10.34) vs 4.0 months
(95% CI 2.96—5.04), P=0.040). Our study group inferred
the following from the current findings contributing to
the superior efficacy of DEM-TACE: first, the feature
of DEM-TACE in terms of its conformity allows deeper
penetration into the feeding artery of the tumor and
PVTT, which might lead to occludes vessels effectively
[31]. Previous histologic examination also shown that
HepaSphere microspheres could be found in the PVTT
without recanalization [32]. Second, the slow release of
anticancer drugs from DEM-TACE in HCC enables a
sustained anti-tumor effect [33]. These data suggested
that initial DEM-TACE might induce extensive intrahe-
patic tumor/PVTT necrosis compared with C-TACE,
which may improve local tumor control and prolong the
TTP.

In the present study, DEM-TACE was shown to pro-
long the OS compared to C-TACE in advanced HCC
patients with PVTT (12.0 months (95% CI 6.32-17.69)
vs 9.0 months (95% CI 6.51-11.49), P=0.027), which
has been rarely reported in previous study. Additionally,
our comparison data along with our multivariate analy-
sis suggested that treatment with initial DEM-TACE was
an independent predictive factor for longer OS, which
has seldom been reported. This might be due to patient
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Table 5 Univariate and multivariate analysis of prognostic factors for OS. OS = Overall Survival; DEM-TACE: drug-eluting microsphere-
transarterial chemoembolization; C-TACE: conventional-transarterial chemoembolization; APS: arterioportal shunt; AFP: alpha-
fetoprotein; PVTT: portal vein tumor thrombus; CR: Complete Response; PR: Partial Response; SD: Stable Disease; PD: Progressive

Disease

Univariate Analysis Multivariate Analysis
Factors No Median OS P-Value Hazard Ratio P-Value
Treatment Method 0.027 0.034
DEM-TACE 49 12.0(6.3-17.7) 1
C-TACE 48 9.0 (6.5-11.5) 1.74 (1.04-2.89)
PVTT Grading <0.001 0.385
group A 57 8.0 (6.4-9.6)
group B 40 23.0(17.1-289)
APS <0.001 0.005
Presence 33 7.0 (5.4-8.6) 1
Absence 64 16.0 (11.7-20.3) 046 (0.27-0.79)
Encapsulated HCC 0.038 0.074
yes 68 13.0(8.1-17.9)
no 29 8.0 (5.5-10.5)
Maximum tumor diameter (mm) 0.002 0.255
<5 19 23.0(14.7-31.3)
>5 78 9.0(6.9-11.1)
Tumor number 0.055 0403
1-3 45 12.0 (6.5-17.5)
>3 52 9.0(6.8-11.2)
AFP Value (ng/ml) 0.004 0.019
<400 46 17.0(10.5-23.5) 1
>400 51 8.0(6.1-9.9) 1.79(1.10-2.92)
Tumor radiologic response <0.001 0.362
Responders (CR+ PR+ SD) 80 13.0(9.1-16.9)
Non-Responders (PD) 17 7.0 (5.5-8.5)
PVTT radiologic response <0.001 <0.001
Responders (CR+ non-CR-non-PD) 76 16.0 (12.3-19.7) 1
Non-Responders (PD) 21 5.0 (4.4-5.6) 5.1 (2.58-10.16)

selection, as most of the previous reports were mainly in
treating intermediate stage HCC. Patient selection is key
to optimal cancer treatment, and in our study, we dem-
onstrated the significance of DEM-TACE for BCLC-C
patients with PVTT. Fifteen (30.6%) patients treated with
DEM-TACE were still alive at the end of the study, mean-
ing that the OS of some patients was over 2 years. These
data also echoed a recent retrospective subgroup analy-
sis [28]. Further study should explore prospectively in a
multi-center setting to confirm the importance of this
advanced disease and compare it with TKI therapy alone,
which is widely recommended for BCLC-C patients with
PVTT.

Other independent predictive factors for better OS
shown in our multivariate analysis are the absence of APS
and lower AFP value. APS had previously been reported
to be correlated with the poor response of TACE in

advanced HCC patients because embolic lipiodol of
C-TACE may be diverted into the portal vein branches
and delivered to nontumor hepatic tissue instead of being
deposited intratumorally as reported in several studies
[22, 34]. However, subgroup analysis showed that there
was no significant difference in OS between DEM-TACE
and C-TACE patients with APS in this study (7.0 months
vs 7.0 months, P=0.095). We assumed that there might
be two reasons: first,patients with severe APS (clas-
sification 1-3: 11 patients in DEM-TACE group and 14
patients in C-TACE group) might be not suitable for
TACE procedure, even when using the HepaSphere
microspheres, which might pass through the shunt dur-
ing TACE[35]. Meanwhile the number of patients with
APS (17/49 in DEM-TACE group and 16/48 in C-TACE
group) was limited which could also have led to this
result in subgroup analysis. Meanwhile, DEM-TACE was
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proven to gain longer OS compared to C-TACE with bet-
ter PVTT response in (CR+non-CR-non-PD) subgroup
analysis. These data indicated that despite not hereby
directly supported we cannot rule out the possibility that
APS management with DEM-TACE could potentially
achieve superior radiologic response, which is essential
to achieve better outcomes [36]. AFP value is thought to
be associated with tumor activity and to play an impor-
tant role in the degree of HCC malignancy in cytologic
studies [37]. This study showed that higher AFP level was
a poor prognostic factor for OS, which was also proven in
our previous study [38]. Our data also align with previous

findings and provide a guide for better patient selection
for DEM-TACE treatment in advanced HCC patients.
Limitations of this study include the following: first,
retrospective, and therapeutic options (DEM-TACE vs.
C-TACE) in advanced HCC patients with PVTT were
individually determined by the patients’ preference,
which likely led to selection bias in our population. How-
ever, the bias was limited by similar baseline character-
istics between these two groups. Second, the number of
patients was relatively small (49 patients in DEM-TACE
and 48 patients in C-TACE), but it was sufficient to dem-
onstrate the significance in terms of radiologic response,
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TTP and OS, as shown in our statistical analysis and
sample size estimation. Third, most HCC tumors were
not histopathologically confirmed but were diagnosed
based on imaging and AFP level as per the EASL guide-
lines. Fourth, TKIs are recommended as the standard of
care for advanced HCC patients [19], and it was proven
that the combination with TACE could improve OS in
advanced HCC patients with PVTT in our previous
study [39]. However, only a small number of patients (5
in the DEM-TACE group and 8 in the C-TACE group,
P=0.350) had TKIs in this study. TKI combined with
DEM-TACE is worth further exploration. Fifth, in the
patients’ baseline characteristics, higher percentage of
1st order PVTT (66.7%) and multiple tumors (58.3%)
reported in C-TACE group as compared to 51.0% and
49.0% in DEM-TACE group, respectively. Although there
was no statistical significance, it might affect clinical out-
comes. Lastly, this result was only reported from a sin-
gle center, and a multicenter clinical trial is suggested for
further verification.

Conclusion

DEM-TACE yielded promising efficacy outcomes in
HCC patients with PVTT and is a potential option for
this advanced disease. Patients treated with initial DEM-
TACE showed better response and longer TTP/OS than
patients treated with initial C-TACE. A multicenter
prospective randomized controlled trial is suggested to
show differences in local tumor control and survival of
advanced HCC patients.

Abbreviations

HCC: Hepatocellular carcinoma; PVTT: Portal vein tumor thrombus; BCLC:
Barcelona Clinic Liver Cancer; TKI: Tyrosine kinase inhibitor; ICls: Immune
checkpoint inhibitors; C-TACE: Conventional transarterial chemoemboliza-
tion; DEM-TACE: Drug-eluting microsphere-TACE; EASL: European Association
for the Study of the Liver; ECOG: Eastern Cooperative Oncology Group; APS:
Arterioportal shunt; AEs: Adverse events; TTP: Time to tumor progression;
OS: Overall survival; mRECIST: Modified Response Evaluation Criteria in Solid
Tumors; PD: Progressive disease; CR: Complete response; PR: Partial response;
SD: Stable disease.

Acknowledgements
Not applicable.

Authors’ contributions

CJ, LL. wrote the main manuscript text. CJ, LL, L.J, W.H, and LM. analyzed
and interpreted the patient data. C.J, LJ, WH., and LM. contributed to the
enrollment of patients and conducted TACE procedures. L.L. checked this
study protocol. H.M. were supervisors of this study. All authors read and
approved the final manuscript.

Funding

This study has received funding by National Natural Science Foundation
of China (Nos. 82072035) and Science and Technology Planning Project of
Guangdong Province (Nos. 2018A030313700 and 2018A030313511).

Page 11 of 12

Availability of data and materials

The datasets used and/or analysed during the current study are not publicly
available due to data privacy ordinance but are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the ethics committee of the Third Affiliated of
Sun Yat-Sen University, and it conformed to the standards of the Declaration
of Helsinki ([2021]02-288-01). Due to the retrospective nature of the study,
the Institutional Review Board of the third affiliated hospital of Sun Yat-Sen
University waived the need for written informed consent.

Consent for publication
Not Applicable..

Competing interests
The authors of this manuscript declare no relationships with any companies,
whose products or services may be related to the subject matter of the article.

Author details

Department of Interventional Radiology, the Third Affiliated Hospital of Sun
Yat-Sen University, Tianhe Road 600#, Tianhe District, Guangzhou 510630,
Guangdong, China. ?Department of Radiology, Guangzhou First People’s Hos-
pital, School of Medicine, South China University of Technology, Guangzhou,
Guangdong 510030, China.

Received: 6 June 2022 Accepted: 23 November 2022
Published online: 30 November 2022

References

1. European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: management of hepatocellular carcinoma. J Hepatol.
2018;69(1):182-236.

2. Global Burden of Disease Liver Cancer Collaboration, Akinyemiju T,
Abera S, Ahmed M, Alam N, Alemayohu MA, et al. The burden of primary
liver cancer and underlying etiologies from 1990 to 2015 at the global,
regional, and national level: results from the global burden of disease
study 2015. JAMA Oncol. 2017;3(12):1683-91.

3. Pirisi M, Avellini C, Fabris C, Scott C, Bardus P, Soardo G, et al. Portal vein
thrombosis in hepatocellular carcinoma: age and sex distribution in an
autopsy study. J Cancer Res Clin Oncol. 1998;124(7):397-400.

4. Llovet JM, Bustamante J, Castells A, Vilana R, Ayuso Mdel C, Sala M, et al.
Natural history of untreated nonsurgical hepatocellular carcinoma:
rationale for the design and evaluation of therapeutic trials. Hepatology.
1999;29(1):62-7.

5. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF, et al. Sorafenib
in advanced hepatocellular carcinoma. N Engl J Med. 2008;359(4):378-90.

6. Yim HJ, Suh SJ, Um SH. Current management of hepatocel-
lular carcinoma: an Eastern perspective. World J Gastroenterol.
2015;21(13):3826-42.

7. Bruix J, Reig M, Sherman M. Evidencebased diagnosis, staging, and
treatment of patients with hepatocellular carcinoma. Gastroenterology.
2016;150:835-53.

8. Kudo M, Finn RS, Qin S, Han KH, Ikeda K, Piscaglia F, Baron A, Park JW, Han
G, Jassem J, Blanc JF, Vogel A, Komov D, Evans TR, Lopez C, Dutcus CO,
Guo M, Saito K, Kraljevic S, Tamai T, Ren M, Cheng AL. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepato-
cellular carcinoma: a randomized phase 3 non-inferiority trial. Lancet.
2018;391:1163-73.

9. Llovet JM, Real MI, Montafa X, Planas R, Coll S, Aponte J, et al. Arterial
embolisation or chemoembolisation versus symptomatic treatment
in patients with unresectable hepatocellular carcinoma: a randomised
controlled trial. Lancet. 2002;359(9319):1734-9.

10. Pinter M, Hucke F, Graziadei |, Vogel W, Maieron A, Kénigsberg R, et al.
Advanced-stage hepatocellular carcinoma: transarterial chemoemboliza-
tion versus sorafenib. Radiology. 2012;263(2):590-9.



Chen et al. BMC Cancer

21.

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:1242

. Dhanasekaran R, Kooby DA, Staley CA, Kauh JS, Khanna V, Kim HS.

Comparison of conventional transarterial chemoembolization (TACE)
and chemoembolization with doxorubicin drug eluting beads (DEB)

for unresectable hepatocelluar carcinoma (HCC). J Surg Oncol.
2010;101(6):476-80.

Arabi M, BenMousa A, Bzeizi K, Garadet F, Ahmed |, Al-Otaibi M.
Doxorubicin-loaded drugeluting beads versus conventional transarterial
chemoembolization for nonresectable hepatocellular carcinoma. Saudi J
Gastroenterol. 2015;21(3):175-80.

Megfas Vericat JE, Garcfa Marcos R, Lépez Briz E, Gdmez Mufioz F, Ramos
Ruiz J, Martinez Rodrigo JJ, et al. Trans-arterial chemoembolization

with doxorubicin-eluting particles versus conventional transarterial
chemoembolization in unresectable hepatocellular carcinoma: a study of
effectiveness, safety and costs. Radiologia. 2015;57(6):496-504.
Kloeckner R, Weinmann A, Prinz F, Pinto dos Santos D, Ruckes C, Dueber
C, et al. Conventional transarterial chemoembolization versus drug-
eluting bead transarterial chemoembolization for the treatment of
hepatocellular carcinoma. BMC Cancer. 2015;15:465.

Sacco R, Bargellini I, Bertini M, Bozzi E, Romano A, Petruzzi P, et al. Conven-
tional versus doxorubicin-eluting bead transarterial chemoembolization
for hepatocellular carcinoma. J Vasc Interv Radiol. 2011;22(11):1545-52.
Brown DB, Nikolic B, Covey AM, Nutting CW, Saad WE, Salem R, et al. Qual-
ity improvement guidelines for transhepatic arterial chemoembolization,
embolization, and chemotherapeutic infusion for hepatic malignancy. J
Vasc Interv Radiol. 2009;20(Suppl 7):5219-26-S226.e1-10.

Pomoni M, Malagari K, Moschouris H, Spyridopoulos TN, Dourakis S,
Kornezos J, et al. Post embolization syndrome in doxorubicin elut-

ing chemoembolization with DC bead. Hepatogastroenterology.
2012,59(115):820-5.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepato-
cellular carcinoma. Semin Liver Dis. 2010;30(1):52-60.

Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet.
2018;391(10127):1301-14.

Kudo M, Izumi N, Kokudo N, Matsui O, Sakamoto M, Nakashima O,

et al. Management of hepatocellular carcinoma in Japan: Consensus-
Based Clinical Practice Guidelines proposed by the Japan Society of
Hepatology (JSH) 2010 updated version. Dig Dis (Basel, Switzerland).
2011;29(3):339-64.

Zhou J, Sun HC, Wang Z, Cong WM, Wang JH, Zeng MS, et al. Guidelines
for diagnosis and treatment of primary liver cancer in China (2017 Edi-
tion). Liver Cancer. 2018;7(3):235e260.

Zhao Y, Duran R, Chapiro J, Sohn JH, Sahu S, Fleckenstein F, et al.
Transarterial Chemoembolization for the treatment of advanced-Stage
Hepatocellular Carcinoma. J Gastrointest Surg. 2016;20(12):2002-9.

Xiang X, Lau WY, Wu ZY, Zhao C, Ma YL, Xiang BD, et al. Transarterial
chemoembolization versus best supportive care for patients with
hepatocellular carcinoma with portal vein tumor thrombus: a multicenter
study. Eur J Surg Oncol. 2019;45(8):1460-7.

Vogl TJ, Nour-Eldin NE, Emad-Eldin S, Naguib NN, Trojan J, Ackermann H,
et al. Portal vein thrombosis and arterioportal shunts: effects on tumor
response after chemoembolization of hepatocellular carcinoma. World J
Gastroenterol. 2011;17(10):1267e75.

Ngan H, Peh WC. Arteriovenous shunting in hepatocellular carcinoma: its
prevalence and clinical significance. Clin Radiol. 1997;52(1):36-40.

Wang H, Cao C, Wei X, Shen K, Shu'Y, Wan X, et al. A comparison between
drug-eluting bead-transarterial chemoembolization and conventional
transarterial chemoembolization in patients with hepatocellular carci-
noma: a meta-analysis of six randomized controlled trials. J Cancer Res
Ther. 2020;16(2):243-9.

Zhang ZS, Li HZ, Ma C, Xiao YD. Conventional versus drug-eluting beads
chemoembolization for infiltrative hepatocellular carcinoma: a compari-
son of efficacy and safety. BMC Cancer. 2019;19(1):1162.

Chu HH, Gwon DI, Kim JH, Ko GY, Shin JH, Yoon HK. Drug-Eluting
Microsphere Versus Cisplatin-Based Transarterial Chemoembolization for
the Treatment of Hepatocellular Carcinoma: Propensity Score-Matched
Analysis. AJR Am J Roentgenol. 2020;215(3):745-52.

Seki A, Hori S, Kobayashi K, Narumiya S. Transcatheter arterial chemoem-
bolization with epirubicin-loaded superabsorbent polymer microspheres
for 135 hepatocellular carcinoma patients: single-center experience.
Cardiovasc Intervent Radiol. 2011;34(3):557-65.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 12 of 12

Shim JH, Lee HC, Kim SO, Shin YM, Kim KM, Lim S, et al. Which response
criteria best help predict survival of patients with hepatocellular carci-
noma following chemoembolization? A validation study of old and new
models. Radiology. 2012,262(2):708-18.

Bilbao JI, de Luis E, Garcfa de Jalon JA, de Martino A, Lozano MD, de la
Cuesta AM, et al. Comparative study of four different spherical embolic
particles in an animal model: a morphologic and histologic evaluation. J
Vasc Interv Radiol. 2008;19(11):1625-38.

Imai Y, Hirooka M, Koizumi Y, Nakamura Y, Watanabe T, Yoshida O,

et al. Histological assessment of the efficacy of drug-eluting beads in
portal tumor thrombosis of hepatocellular carcinoma. Radiol Case Rep.
2017;12(1):179-84.

Gupta S, Wright KC, Ensor J, Van Pelt CS, Dixon KA, Kundra V. Hepatic
arterial embolization with doxorubicin-loaded superabsorbent polymer
microspheres in a rabbit liver tumor model. Cardiovasc Intervent Radiol.
2011,34(5):1021-30.

Ueno K, Miyazono N, Inoue H, Nishida H, Kanetsuki |, Nakajo M. Transcath-
eter arterial chemoembolization therapy using iodized oil for patients
with unresectable hepatocellular carcinoma: evaluation of three kinds of
regimens and analysis of prognostic factors. Cancer. 2000;88(7):1574-81.
Kudo M, Kawamura Y, Hasegawa K, Tateishi R, Kariyama K, Shiina S,

et al. Management of Hepatocellular Carcinoma in Japan: JSH Con-
sensus Statements and Recommendations 2021 Update. Liver Cancer.
2021;10(3):181-223.

Huang MS, Lin Q, Jiang ZB, Zhu KS, Guan SH, Li ZR, et al. Comparison of
long-term effects between intra-arterially delivered ethanol and Gelfoam
for the treatment of severe arterioportal shunt in patients with hepato-
cellular carcinoma. World J Gastroenterol. 2004;10(6):825-9.

Li P Wang SS, Liu H, Li N, McNutt MA, Li G, et al. Elevated serum alpha
fetoprotein levels promote pathological progression of hepatocellular
carcinoma. World J Gastroenterol. 2011;17(41):4563-71.

Zhu KS, Huang JJ, Lai LS, Huang WS, Cai MY, Zhou JW, et al. Medium or
Large Hepatocellular Carcinoma: Sorafenib Combined with Transarte-
rial Chemoembolization and Radiofrequency Ablation. Radiology.
2018;288(1):300-7.

Zhu KS, Chen JW, Lai LS, Meng XC, Zhou B, Huang WS, et al. Hepatocel-
lular carcinoma with portal vein tumor thrombus: treatment with tran-
sarterial chemoembolization combined with sorafenib-a retrospective
controlled study. Radiology. 2014;272(1):284-93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	DEM-TACE as the initial treatment could improve the clinical efficacy of the hepatocellular carcinoma with portal vein tumor thrombus: a retrospective controlled study
	Abstract 
	Background: 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Materials and methods
	Study design and population
	C-TACE and DEM-TACE procedures
	Safety assessment of DEM-TACE in PVTT patients
	Follow-up and re-treatment schedules
	Radiologic response evaluations
	Statistical analysis

	Results
	Study population
	Safety of DEM-TACE vs C-TACE
	Assessment of radiologic response
	TTP and OS and analysis of factors affecting OS
	Subgroup analysis

	Discussion
	Conclusion
	Acknowledgements
	References


