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Purpose: To investigate the potential safety and efficacy of drug-eluting bead-transcatheter
arterial chemoembolization (DEB-TACE) in treating TACE-refractory hepatocellular carci-
noma (HCC).

Methods: We retrospectively evaluated the treatment outcomes of DEB-TACE for 41 HCC
nodules in 30 patients who were refractory to conventional TACE (c-TACE) according to
tumor response. The antitumor response was evaluated according to mRECIST criteria, and
changes in alpha-fetoprotein (AFP), albumin-bilirubin score, the incidence of adverse events,
and the time to disease progression were observed.

Results: The objective response rate and disease control rates were 60.98% and 95.12% at 4
weeks after DEB-TACE, 63.41% and 92.68% at 8 weeks, respectively. The median time of
disease progression was 4.60 + 0.23 months. The AFP of patients decreased continuously at
2—-6 weeks after operation, and the AFP at 4 weeks was significantly lower than that at 2
weeks (P = 0.038). Adverse reactions were well tolerated, and no grade 4 adverse reactions
were reported. The albumin-bilirubin score did not deteriorate within 6 weeks.
Conclusion: DEB-TACE has potential efficacy and safety after failure of c-TACE in
patients with advanced liver cancer. Further studies are needed to confirm the efficacy of
DEB-TACE treatment after failure of c-TACE.

Keywords: transcatheter arterial chemoembolization, refractory disease, drug-eluting bead,
hepatocellular carcinoma, efficacy

Introduction

The worldwide incidence of hepatocellular carcinoma (HCC) among cancers ranks
sixth, and the mortality rate ranks fourth. The number of newly diagnosed HCC
patients and deaths in China each year accounts for those reported in more than half
of the world."? Due to the hidden nature of HCC, it is difficult for patients to
experience overt symptoms and signs in the early stage. Usually, HCC is already at
the middle-advanced stages at the time of diagnosis, causing patients to miss the
best treatment time, and less than 30% of HCC patients benefit from the opportu-
nity to obtain surgical treatment, which seriously affects their survival and prog-
nosis of patients.’” Therefore, for patients with unresectable HCC, transarterial
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chemoembolization (TACE) is recommended as a routine
treatment.*” TACE is an intraoperative injection of che-
motherapeutic drugs for vascular embolization, thereby
blocking the blood supply artery of the tumor, which
prevents tumor cells from obtaining blood supply, thereby
causing tumor ischemic necrosis, and ultimately prevent-
ing tumor cells from growing. Two randomized controlled
trials by Llovet et al® and Lo et al” have also confirmed the
efficacy of TACE in the treatment of unresectable liver
cancer at the advanced stages. Similarly, TACE is often
used as the first-line treatment for patients with unresect-
able HCC in some Asian countries, and it has also
achieved significant survival benefits.®’

In conventional TACE (c-TACE), a mixed emulsification
of adriamycin or other chemotherapeutic drugs and iodized
oil is often used for embolization,'° but this mixed emulsion
cannot maintain adequate drug concentration in tumor cells,
and some drugs may enter the patient’s circulatory system,
with an increase in toxicity and adverse effects (AEs), result-
ing in the reduction of embolization effects.'' Compared
with ¢c-TACE, drug-eluting beads represent a new embolic
substrates. The release of loaded drugs depends on the pre-
sence of lactic acid and its compounds, dissociation and
inhalation, which can lead to the slow release of chemother-
apeutic drugs in DEB, so as to maintain the preparation with
high concentration for a prolonged time.'*'* In addition, the
embolic microspheres themselves have excellent variable
elasticity and can be compressed and recover automatically,
and, thus, can perfectly adjust to fit the blood vessels dia-
meter to achieve a more thorough embolization. These char-
acteristics of drug loaded microspheres maintain a large
number of chemotherapeutic drugs at the tumor site, result-
ing in more significant tumor necrosis.

DEB-TACE has been confirmed by many studies to play
an important role in local tumor control, preventing tumor
progression, prolonging patient survival, and controlling
patient symptoms, and has gradually become more widely
used in the clinic.">!” However, the results of c-TACE
failure and subsequent DEB-TACE treatment are not clear.
Therefore, the purpose of this study was to retrospectively
observe the potential efficacy and safety of DEB-TACE in
patients with advanced HCC after c-TACE treatment failure.

Materials and Methods

Patients
This was a multicenter retrospective study, which retro-
spectively collected the clinical data of all HCC patients

diagnosed with HCC ineligible for radical resection or
local radical treatment and were resistant to c-TACE at
seven medical centers in Anhui Province, China, from
January 2020 to June 2021. According to the consensus
guidelines of the Japanese Society of Hepatology,'®
c-TACE refractory refers to an ineffective response by
tumor survival lesions of >50% or more than two conse-
cutive progressive increases in total tumor count. In addi-
tion, the continuous increase of tumor marker levels and
new vascular invasion or extrahepatic diffusion after
TACE are also considered to be markers of c-TACE
refractory.

Inclusion criteria were the following: (1) HCC patients
who met the definition of ¢c-TACE refractory; (2) patients
aged 18-85 years, with no serious cardiovascular or cere-
brovascular diseases, and coagulation dysfunction; (3)
Child Pugh classes A and B; (4) physical strength (PS)
score 0-2 points; and (5) patients with regular follow-up.
Exclusion criteria included: After ¢-TACE: (1) severe
abnormal liver function (child Pugh score C); (2) moderate
or more ascites and systemic infection; (3) extrahepatic
metastasis or vascular invasion; (4) severe or uncorrect-
able coagulation dysfunction; (5) Treated with other treat-
ments such as targeted drugs, radiofrequency ablation
(RFA), etc. Finally, 30 patients with 41 target lesions
were included in this retrospective study. This study was
approved by the ethics committees of seven participating
centers in China (The First Affiliated Hospital of
University of Science and Technology of China, Fuyang

people’s Hospital, Chuzhou first people’s Hospital,

Ma’anshan people’s Hospital, The First Affiliated
Hospital of Bengbu Medical College, The Second
Affiliated Hospital of Bengbu Medical College,

Yingshang people’s Hospital) and was carried out in accor-
dance with the standards of the Helsinki Declaration. Due
to the retrospective nature of this study, the ethics com-
mittee waived the requirement for informed consent. All
patient information remained confidential.

C-TACE

The patient was placed in supine position during the proce-
dure, and ECG monitoring was given during the operation.
Femoral artery puncture was performed, and then a SF-
angiography catheter was inserted into the common hepatic
artery. After digital subtraction angiography (DSA), the size
of the tumor, the blood supply artery of the tumor, the
existence of hepatic artery hepatic vein fistula, and the
abundance of blood supply were further evaluated, and
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then a 2.7F-microcatheter was inserted into the target vessel
of the tumor, and embolization was performed with 60—
80 mg adriamycin or other chemotherapeutic drugs and
10-20 mL iodized oil as the mixed emulsifier. The dose of
iodized oil usually needed to be determined in combination
with the size of the lesion, and the maximum dosage usually
did not exceed 30 mL. After embolization, the femoral
artery was pressurized for 24 hours. The ECG was moni-
tored 8 hours after the operation, and symptomatic treatment
was given to protect liver function, to protect stomach, and
to stop vomiting. The number of repeated TACE treatments
was usually determined by the clinician according to the
patient’s tumor control and liver function.

DEB-TACE

In the DEB-TACE group, drug-eluting beads were used for
embolization. According to the size of the lesion and blood
supply, one bottle of 100-300 um or 300-500 pum calli-
spheres containing drug-loaded microspheres was selected.
The microspheres were pumped using a 20 mL syringe and
were allowed to stand for 2—3 min until all the microspheres
sank and the supernatant could be discharged. Next, 60—
80 mg epirubicin or other chemotherapeutic drugs were
dissolved in 5% gs in a volume of 10 mL, and epirubicin
or other chemotherapeutic drugs were extracted using the
prepared microsphere syringe. The contents were mixed,
shaken them every 5 minutes, 6 times for a total of 30
minutes. The microspheres containing chemotherapeutic
drugs and iodixanol were diluted 1:1 by volume, and
allowed to stand for 5 minutes. The remaining steps were
the same as those of the c-TACE group.

Tumor Response and AFP
Using the modified solid tumor response evaluation standard
(mRECIST)," A complete response (CR) was defined as the

disappearance of any arterial enhancement in the target
tumor, a partial response (PR) was defined as over 30%
decrease in the sum of the diameters of viable lesions,
progressive disease (PD) was defined as over 20% increase
in the sum of the diameters of viable lesions, and a stable
disease (SD) was defined as any cases with nonPR or nonPD.
An objective response rate (ORR) was defined as the percen-
tage of patients achieving either CR or PR, and disease
control rate (DCR) as the percentage of patients achieving
CR, PR, or SD. Dynamic computed tomography (CT) or
magnetic resonance imaging (MRI) were performed every
4-6 weeks to evaluate the tumor response (Figure 1). The
best tumor response at each examination was recorded. The
analyzed HCC tumor marker was serum AFP at baseline and
at 2, 4, and 6 weeks after DEB-TACE. The baseline concen-
tration of AFP was assigned a value of 1, and the ratios of
AFP at 2, 4, and 6 weeks after DEB-TACE were calculated.
AFP ratios were expressed as median + standard error (SE).

Adverse Events and Hepatic Function

AEs were evaluated according to the general terminology
standard of adverse events version 4.0, mainly to evaluate
the occurrence of surgery-related adverse reactions. As for
the assessment of changes in liver function, the albumin-
bilirubin (ALBI) score was investigated at baseline and at
2,4, and 6 weeks.

Statistical Analysis

SPSS version 19.0 (IBM Corporation, Armonk, NY, USA)
was used for statistical analysis. Categorical variables were
evaluated by the chi square test or Fisher’s exact test.
Continuous variables were analyzed by the Mann—Whitney
U-test. The median time to progression (TTP) after the first
DEB-TACE operation was evaluated by Kaplan—-Meier

Figure | (A) Computed tomography (CT) of the abdomen before intervention showing HCC with a long axis of approximately 75 mm; (B) Disease progression (PD) was
observed at the 4-week follow-up after three c-TACE interventions; (C) Complete response (CR) was observed at the 8-week follow-up after DEB-TACE surgery, with
reduced lesion volume and no significant active lesion. The patient developed ascites as a sign of advanced hepatic failure.
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survival curve analysis and was compared using the log rank
test. P < 0.05 was considered statistically significant.

Results

Baseline Patient Characteristics

Table 1 summarizes the baseline characteristics of the 30
HCC patients enrolled in this study. The population
included 25 men and 5 women, with an average age of
55.62 years (range, 32—78 years). There were 20 patients
with ECOG-ps 0—1 and 21 patients with child Pugh Grade
A. The median AFP level was 27,557.62 ng/mL (range,
12.32-76,428.46 ng/mL). All cases were intolerant to
c-TACE,
c-TACE was 2 (range, 1-4). The median observation per-

and the median number of preoperative

iod was 4.6 months (range, 1.2—7.6 months).

Efficacy

Based on the results of CT and MRI at the first follow-up 4
weeks after treatment, the number of target lesions indica-
tive of a complete response (CR), partial response (PR),
stable disease (SD), pr progressive disease were 5, 20, 14,
and 2, respectively, for tumor response analysis. Further,
the objective response rate (ORR) and the disease control
rate (DCR) were 60.98% and 95.12%, respectively. ORR
was slightly higher in the second month after treatment
(63.41%), and DCR was lower (92.68%) compared with
the first month after treatment (Table 2). Subsequent fol-
low-up indicated that the median TTP of mRECIST was
4.60 months (range, 1.5-7.6 months) (Figure 2).

AFP and Hepatic Function

As for changes in AFP levels, the average AFP ratio at
weeks 2, 4, and 6 was 0.85 (range, 0.37-1.25), 0.52 (range,
0.21-1.08), and 0.34 (range, 0.21-0.93), respectively, indi-
cating a significant downward trend, while the AFP level at
4 months after the intervention was significantly lower than
levels 2 months after operation (21,236.48 + 10,367.82 vs
11,253.32 + 9632.72, P = 0.038). The average AFP ratio of
5 patients with CR at weeks 2, 4, and 6 was 0.62 (range,
0.31-0.90), 0.28 (range, 0.14-0.55), and 0.05 (range, 0.02—
0.48), respectively. The average AFP ratio of 13 patients
with PR at weeks 2, 4, and 6 was 0.71 (range, 0.58-0.95);
0.45 (range, 0.34-0.59), and 0.17 (range, 0.04-0.56),
respectively. The average AFP ratio of 10 SD patients at
weeks 2, 4, and 6 was 0.84 (range, 0.61-1.10), 0.72 (range,
0.52-0.98), and 0.68 (range, 0.47—1.05), respectively. The
average AFP ratio of 2 PD patients at weeks 2, 4, and 6 was

Table | Baseline Characteristics

Parameters Value

Age (years) 55.6219.24

Gender (n/%)

Male 25(83.33%)
Female 5(16.67%)
Cirrhosis (n/%)

Y 27(90.00%)
N 3(10.00%)
ECOG performance status

0-1 20(66.67%)
2 10(33.33%)
Child-Pugh stage (n/%)

A 21(70.00%)
B 9(30.00%)
Prior c-TACE number(n/%)

2 6(20.00%)
>2 24(80.00%)
AFP 27,557.62+18,991.47
TBiL(umol/L) 25.72+19.34
ALB(g/L) 38.48+22.78
Tumor number(n/%)

<3 24(80.00%)
>3 6(20.00%)
Maximum tumor diameter 6.78+3.18
PVTT(n/%)

Y 3(10.00%)
N 27(90.00%)
Extrahepatic spread(n/%)

Y 5(16.67%)
N 25(83.33%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ¢-TACE, conven-
tional transcatheter arterial chemoembolization; AFP, alpha fetoprotein; TBiL, total
bilirubin; ALB, albumin; PVTT, portal vein tumor thrombus.

1.02 (range, 0.95-1.09), 0.98 (range, 0.82—1.14), and 1.15
(range, 1.04—-1.26), respectively (Figure 3A). According to
the ALBI classification, the liver reserve function was
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Table 2 Treatment Response at Different Times .
1.0
Response T, T,
CR 5(12.19%) 5(12.19%) —
PR 20(48.78%) 21(51.22%)
b
SD 14(34.15%) 12(29.27%) g 0.6
o
PD 2(4.88%) 3(7.32%) %
2
ORR 25(60.98%) 26(63.41%) .E 047
[
DCR 39(95.12%) 38(92.68%)
Abbreviations: T, the fourth week after therapy; T,, the eighth week after 027
therapy; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, objective response rate = CR + PR; DCR, disease
control rate = CR + PR + SD.
0.0
T T T T T
0 20 4.0 6.0 8.0

retained within 6 weeks and months after DEB-TACE. The
ALBI scores before DEB-TACE at 2, 4, and 6 weeks after
DEB-TACE were —2.168 + 0.18, —2.234 + 0.12, —2.154 +
0.14, and —2.151 £ 0.07, respectively (P = 0.531), therefore
patients’ refractory to c-TACE showed good tolerance to
DEB-TACE surgery and retained liver reserve function
during treatment (Figure 3B).

Adverse Events

The common adverse reactions observed in this study
were epigastric pain, discomfort, fever, nausea, vomit-
ing, fatigue, diarrhea, and hypertension following DEB-
TACE. None of the HCC patients presented grade IV
toxicity or side effects, and all experienced only toxic
reactions of grade III or below (Table 3). Up to the
follow-up time, nearly half of the patients reported

A AFP ratio
1.4
1.2
1 » -19
0.8 —
0.6
0.4 M n
0.2 ‘ H |
0 L ! i ! ! 21
total CR PR SD PD
mbaseline 1 1 1 1 1
m2week  0.85 0.62 0.71 0.84 1.02
14week  0.52 0.28 0.45 0.72 0.98
6week  0.34 0.05 0.17 0.68 1.15 -23
M baseline B 2 week M 4 week B 6week 24

Time (months)

Figure 2 Time to progress. Graphic showing Kaplan—Meier estimates of time to
progress in the 41 HCC nodules of 30 patients treated with DEB-TACE in our study
along the follow-up.

abdominal pain and discomfort, and only one patient
had grade III abdominal pain, which was relieved after
morphine analgesia. The increase of body temperature
was considered as absorbed heat generated after tissue
liquefaction and necrosis in patients with HCC after
interventional embolization. At the same time, antie-
metic drugs were given to interventional patients in
advance, so the gastrointestinal reaction after interven-
tion was mild, and only 6.67% of patients experienced
a grade III gastrointestinal reaction. The related adverse
reactions of this group of patients were alleviated after
supportive treatment.

ALBL score

-2.168%0.18 -2.15¢+0. 14

-2.161 £0. 07

-2.23¢%0.12

baseline 2 week 4 week 6 week

Figure 3 Changes in AFP ratio (A) and ALBI score (B) at 2, 4, and 6 weeks. (A) The median AFP ratios in total, CR, PR and SD decreased at 2, 4, and 6 weeks, but increased
in PD; (B) the median ALBI scores at baseline and at 2, 4, and 6 weeks were —2.168 + 0.18; —2.234 + 0.12; —2.154 % 0.14; and —2.161 *+ 0.07, respectively.

Abbreviations: AFP, alpha fetoprotein; ALBI, albumin-bilirubin.
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Table 3 Adverse Reactions

Adverse Reactions Grade, n (%)
Gl G2 G3 G4
Fever 7 (23.33%) 3 (10.00%) - -
Biliary tract injury 2 (6.67%) - - -
Abdominal pain 12 (40.00%) 5 (16.67%) 1 (3.33%) -
Infection 33 (10.00%) Il (3.33%) - -
Vomiting 6 (20.00%) 4 (13.33%) 2 (6.67%) -
Bone marrow suppression 2 (6.67%) - - -
Fatigue 84 (13.33%) 1 (3.33%) - -
Discussion TACE showed a certain benefit, which was similar to

c-TACE uses lipiodol as an embolic agent, which is selec-
tively injected into the tumor blood supply artery after
mixing with chemotherapeutic drugs. At the same time,
it induces the cytotoxic effect of chemotherapeutic agents
and the injury effect of ischemia and hypoxia. It can
effectively kill cancer cells and improve the survival rate
of patients.* However, c-TACE has the following disad-
vantages: (1) the liver can metabolize the mixed emulsion
over an extended period; (2) the mixed emulsion does not
maintain a steady drug concentration localized at tumor
cells; and (3) some drugs in the emulsion will enter the
patient’s circulatory system and increase toxic and side
effects. DEB-TACE is a newly developed TACE technol-
ogy. It is characterized by a new embolic agent allowing
the slow release of chemotherapeutic drugs, and is mainly
composed of histocompatible and non-absorbable PVA
polymer particles and statically charged sulfonate groups.
It can reversibly combine polar molecules (such as adria-
mycin) and quantitative antitumor drugs in a continuous
and controllable formulations, with delayed release proper-
ties. DEB-TACE can make up for the shortcomings of
traditional embolic agents and achieve an ideal curative
effect superior to conventional TACE.?’ 2>

The study was a multi-center retrospective study that
applied DEB-TACE to HCC patients who were resistant
to c-TACE. This study analyzed the efficacy and safety
of DEB-TACE for the treatment of unresectable HCC. In
this study, mRECIST evaluation after DEB-TACE
showed that the ORR was 60.98% and the DCR was
95.12% at 1 month and at 2 months, ORR was 63.41%,
DCR was 92.68%. The short-term efficacy after DEB-

previous studies.”> > The median TTP of the included
patients was 4.60 + 0.23 months. Due to the good clinical
efficacy of DEB-TACE, most patients in this study are
still alive at the time of writing and the median overall
survival (OS) is still being followed up.

Serum AFP reflects the growth activity of cancer cells in
liver cancer lesions.?®*’ The average AFP ratio of patients in
this study showed a downward trend at weeks 2, 4, and 6.
The average AFP ratio of 5 patients with CR and 5 patients
with PR also decreased at weeks 2, 4, and 6. In particular,
there was statistically significant difference between 2 weeks
and 4 weeks in AFP levels in CR patients. The average AFP
ratio of 2 PD patients showed a slow upward trend in
the second, fourth, and sixth weeks. It can be seen that the
change of AFP is corresponding to the curative effect of
local tumor. This study found that the ALBI score decreased
slightly at 2 weeks after DEB-TACE, mainly because TACE
procedures exert a certain impact on liver function in the
short term. However, due to the compensatory ability of
hepatocytes, the liver function of the patient had recovered
close to the preoperative level at 4 weeks, and the ALBI
scores of the patient did not deteriorate at 6 weeks. Thus, the
hepatocytes of the patients were not seriously damaged after
the operation, and the damage induced by DEB-TACE to
liver function was recoverable and tolerable.

Most of the adverse reactions in this study involved
embolism syndromes, which were mainly accompanied by
abdominal pain, abdominal distension, fever, and vomit-
ing. However, the latter symptoms may also be caused by
tumor tissue ischemia reperfusion of tumor blood supply

after the artery is embolized, affecting its metabolism and
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leading to tumor cell ischemic necrosis. Nausea and
vomiting may also be related to the use of chemothera-
peutic drugs in embolization. Most symptoms of patients
with postembolic syndrome resolve spontaneously, while
other patients require symptomatic support treatment such
as pain relief. Most of the embolic syndromes experienced
in this study were of grade I-II. Previous studies reported
that the incidence of complications after microsphere
embolization was 4.2—11.4%.?® Drug eluting microspheres
can achieve higher tumor response rates and progression-
free survival rates through arterial chemoembolization,
and its adverse reactions and complications are acceptable,
which is similar to the previous results of DEB-TACE
treatment for c-TACE refractory.””>° DEB-TACE is per-
formed by personnel during interventional surgery in strict
accordance with the interventional technical operation spe-
cifications and thus most complications are mild and the
probability of serious complications is low.

This study has certain limitations. First was the retro-
spective and nonrandomized design. Second was the small
sample size and the short observation period. In addition,
it may also have been influenced by subjective selection
bias, and its results are not universal or representative. In
the future, larger sample prospective randomized con-
trolled clinical trials need to be designed to confirm the
outcomes of DEB-TACE after c-TACE failure.
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