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Abstract. The aim of the present study was to evaluate the 
long‑term outcomes and the impact of repeated conven‑
tional transarterial chemoembolization (C‑TACE) and 
transarterial chemoembolization with epirubicin‑loaded 
superabsorbent polymer embolics (SAP‑TACE) on liver func‑
tion in TACE‑naïve patients with unresectable hepatocellular 
carcinoma (HCC). Overall, 155  consecutive patients with 
HCC received either C‑TACE or SAP‑TACE. The first cohort 
(n=71), treated between 2011 and 2014, received C‑TACE; the 
second cohort (n=84), treated between 2014 and 2016, received 
SAP‑TACE. Overall survival and deterioration of liver func‑
tion were compared between the two cohorts. The 1‑, 2‑ and 
3‑year overall survival rates and median survival times were 
74, 50, 35% and 26 months in the C‑TACE cohort and 75, 60, 
39% and 28 months in the SAP‑TACE cohort, respectively. 
There were no significant differences between the two groups 
(P=0.289). Age <70 years, Child‑Pugh class A, alpha‑feto‑
protein <400 ng/ml and des‑gamma‑carboxy prothrombin 
<1,000 mAU/ml were identified as favorable prognostic factors 
in multivariate analysis. In the subgroup of patients with a 
Child‑Pugh score of 5, survival was 29 months for C‑TACE 
vs. 55 months for SAP‑TACE (P<0.05). In the C‑TACE cohort, 
the median Child‑Pugh score was 6 after 3  cycles and 7 
after 5 cycles of TACE, and the score worsened significantly 
(before vs. 3 cycles, P<0.05; before vs. 5 cycles, P<0.05). In the 
SAP‑TACE cohort, the median Child‑Pugh score was 6 after 3 
and 5 cycles of TACE, and the score did not worsen during the 
treatment cycles. There were no differences in overall survival 

between repeated C‑TACE and SAP‑TACE in TACE‑naïve 
patients with HCC. However, liver function deterioration was 
more evident in patients treated with C‑TACE than in those 
treated with SAP‑TACE.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
type of cancer worldwide and the third most common cause of 
cancer‑related death (1). Since the majority of HCC cases occur 
in patients with chronic liver disease, especially cirrhosis, 
treatment modalities selection is determined not by tumor 
morphology alone, but also taking into consideration the liver 
function and health performance status (2). Therefore, for the 
HCC treatment in clinical settings, the Barcelona Clinic Liver 
Cancer (BCLC) staging system is used all over the world, 
instead of the TNM staging system used for other cancers (3).

Transarterial chemoembolization (TACE) is a widely 
used locoregional procedure that is recommended by several 
guidelines as a first‑line treatment for patients with unresect‑
able multifocal HCC (4‑6). Recently, calibrated drug‑eluting 
embolics have been developed as novel embolic devices that 
can overcome the drawbacks of conventional TACE (C‑TACE) 
and enable permanent embolization effects. Several types of 
microspheres have been introduced for this purpose. The most 
commonly used embolics are DC Bead (BTG) and superab‑
sorbent polymer embolics (SAP) (HepaSphere; Merit Medical 
Systems). Retrospective and prospective randomized control 
trials have performed a direct comparison between C‑TACE 
and TACE with DC Bead (7‑9). A meta‑analysis including 
four randomized controlled trials and eight observational 
studies showed no significant differences between TACE with 
DC Bead and C‑TACE in terms of objective response rates, 
survival rates, and adverse events (7).

SAP is different from other drug‑eluting embolics: It is 
provided in a ‘dry state’ and, when exposed to aqueous‑based 
media, it absorbs fluid and swells to a predictable size (10). 
Grosso et al (11) and Seki et al (12) reported a promising effect 
and a high safety profile for the treatment of HCC in their early 
experiences. Until recently, only a few studies have evaluated 
the efficacy of TACE with SAP (SAP‑TACE) (13‑16) compared 
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with C‑TACE; however, no randomized controlled trials have 
performed a direct comparison (17).

During the last decade, some chemotherapeutic agents have 
been approved for use in patients with advanced‑stage HCC, 
especially in patients refractory to TACE therapy  (18‑20). 
These oral chemotherapeutic agents demonstrated clinical 
benefits in terms of survival, but they can only be administered 
in patients with good liver function, i.e. Child‑Pugh class A. 
In a real clinical setting, preventing the deterioration of liver 
function after repeated TACE should be just as important as 
treatment efficacy, in the selection of the TACE procedure, 
because clinical trials have demonstrated the deterioration of 
liver function after repeated TACE (21,22). However, no clinical 
data with repeated SAP‑TACE have been reported so far.

We compared the early response and safety profile between 
the two TACE cohorts in the previous study (16). In the current 
study, we aimed to evaluate the long‑term survival benefit 
and liver function deterioration after repeated SAP‑TACE or 
C‑TACE in larger cohorts.

Materials and methods

Study design. This retrospective, single‑center study was 
conducted in a TACE‑naïve consecutive cohort treated 
between January 2011 and August 2016. The study protocol 
was approved by our institutional review board and was 
conducted in accordance with local laws and the Declaration 
of Helsinki. All patients provided written informed consent for 
the treatment procedures.

Patients. Criteria to perform TACE were as follows: i) HCC 
diagnosis with histopathological confirmation and/or radio‑
logical examination based on the European Association for 
the Study of the Liver imaging criteria (3); ii) tumor loca‑
tion and extent not amenable to elective curative approach 
(resection and ablation); iii) no previous TACE or systemic 
chemotherapy; iv) absence of macrovascular invasion and of 
any suspicion of extrahepatic tumor spread; v) Child‑Pugh 
classes A or B; vi) Eastern Cooperative Oncology Group 
(ECOG) performance status scores of 0 to 1; vii) adequate 
renal function (serum creatinine <1.5 times the upper limit 
of the normal range).

We administered C‑TACE to consecutive patients between 
January 2011 and April 2014; after SAP was approved, we 
administered SAP‑TACE to consecutive patients between 
May  2014 and August 2016, and we did not change the 
embolics choice, for the repeated use, in any case.

TACE procedure. Angiography was performed using the 
Seldinger technique via the femoral artery. The femoral artery 
was catheterized under local anesthesia, and a 4‑F catheter 
(Selecon; Terumo) was inserted into the hepatic artery. Then, 
a 1.9‑F microcatheter (Progreat Σ; Terumo) was advanced into 
the feeder arteries of each tumor.

In the C‑TACE group, a mixture of 5 ml of iodized oil 
(Lipiodol; Guerbet Japan) and 50 mg of epirubicin hydro‑
chloride (Farmorubicin; Pfizer Japan Inc.) were injected to a 
maximum administered dose of 50 mg, followed by emboli‑
zing with absorbable gelatin sponge particles (Gelpart; Nippon 
Kayaku).

In the SAP‑TACE group, 50‑100 µm HepaSphere micro‑
spheres were prepared as previously reported  (12); 25‑mg 
vials of embolics were preloaded with 25‑30 mg of epirubicin 
dissolved in 5 ml of non‑ionic contrast medium and were 
left unperturbed for 20 min to allow the embolics to expand 
and absorb the epirubicin after injecting the solution into the 
vacuum‑sealed vials containing the embolics. The SAP injec‑
tion was administered until near stasis (the contrast column 
cleared within 2‑5 heartbeats) (23).

Statistical analysis. Liver function was evaluated at just before 
first TACE, after 3 cycles of TACE, and after 5 cycles of TACE 
by Child‑Pugh class and albumin‑bilirubin (ALBI) scores (24). 
Quantitative differences between the groups were analyzed 
using the Mann‑Whitney U test, and categorical differences 
were analyzed using Fisher's exact or χ2 test. Survival time 
was calculated from the moment of the initial TACE. Survival 
curves were created using the Kaplan‑Meier method and were 
compared using the log‑rank test. Prognostic factors related to 
overall survival were identified by univariate and multivariate 
analyses. Multivariate analyses were performed using the 
Cox proportional hazards model to identify the independent 
prognostic factors. Bonferroni adjustment was used to correct 
for multiple comparisons. The level of significance was set up 
to P<0.05. Statistical analyses were performed using SPSS 
version 25 software for Windows (IBM; SPSS, Inc.).

Results

Clinical characteristics. Baseline characteristics of the 
patients are shown in Table I. During 2011‑2016, a total of 155 
consecutive patients underwent TACE, including 71 patients 
treated with C‑TACE and 84 patients treated with SAP‑TACE. 
The follow‑up period, patient age, gender, background liver 
disease, number of tumors, maximum tumor size, BCLC stage, 
Child‑Pugh scores, and ALBI scores were not statistically 
different between the two groups. The proportion of patients 
that received any prior treatment before TACE was significantly 
different between the groups (P<0.05). There were no signifi‑
cant differences between the two groups in terms of laboratory 
data, the levels of aspartate aminotransferase, albumin, total 
bilirubin, prothrombin time, alpha‑fetoprotein  (AFP), and 
des‑gamma‑carboxy prothrombin (DCP).

Overall survival. We evaluated overall survival rates during 
follow‑up for a median of 25  months. At the time of the 
analysis, 110 patients had died (59 in the C‑TACE cohort, 
and 51 in the SAP‑TACE cohort). Treatment‑related death 
was not experienced. Median survival of the C‑TACE 
cohort was 26 months, compared with 28 months for the 
SAP‑TACE cohort (Fig. 1A). The overall survival rates were 
not significantly different between the two groups (P=0.289). 
The 1‑, 2‑, and 3‑year overall survival rates were 74, 50 
and 35% in the C‑TACE cohort and 75, 60 and 39% in the 
SAP‑TACE cohort, respectively. Unilobar tumor‑distribution, 
BCLC stage A, Child‑Pugh class A, AFP <400 ng/ml and 
DCP <1,000 mAU/ml were significant favorable prognostic 
factors in the univariate analysis. Age  <70, Child‑Pugh 
class A, AFP <400 ng/ml and DCP <1,000 mAU/ml were 
significant favorable prognostic factors in the multivariate Cox 
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proportional hazard model (Table II). Treatment modality, i.e., 
C‑TACE or SAP‑TACE, did not affect long‑term survival. In 
a subgroup analysis of patients with Child‑Pugh score of 5, 
the SAP‑TACE cohort showed longer survival compared to 
the C‑TACE cohort (P=0.043) (Fig. 1B). Subgroup analysis 
did not show significant survival differences in patients with 
Child‑Pugh scores of 6, 7 and 8, and with BCLC stages A 
and B (Fig. 1C‑F).

Deterioration of liver function in patients receiving C‑TACE. 
The repeated TACE cycles were three (median) in the C‑TACE 
cohort. In patients receiving C‑TACE, median Child‑Pugh 
scores were 5 before C‑TACE, 6 after 3 cycles of C‑TACE, 
and 7 after 5 cycles of C‑TACE. The Child‑Pugh scores after 
3 and 5 cycle of C‑TACE significantly worsened compared 
to those before C‑TACE (before vs. 3‑cycle, P=0.006; 
before vs. 5‑cycle, P=0.012) (left side of Fig. 2). The median 
ALBI scores were‑2.40 before C‑TACE, ‑2.25 after 3 cycles 
of C‑TACE, and ‑1.94 after 5 cycles of C‑TACE. The ALBI 
scores after 3 and 5 cycle C‑TACE significantly worsened 
compared to those before C‑TACE (before vs. 3‑cycle, 
P=0.009; before vs. 5‑cycle, P=0.045) (right side of Fig. 2).

Deterioration of liver function in patients receiving 
SAP‑TACE. The repeated TACE cycles were three (median) 
in the SAP‑TACE cohort. In patients receiving SAP‑TACE, 
Child‑Pugh scores were 6 before SAP‑TACE, after 3 cycles of 
SAP‑TACE, and after 5 cycles of SAP‑TACE. The Child‑Pugh 
scores after 3 and 5  cycles of SAP‑TACE did not change 
compared to those before SAP‑TACE (left side of Fig. 3). The 
median ALBI scores were‑2.31 before SAP‑TACE, ‑2.45 after 

3 cycles of SAP‑TACE, and ‑2.64 after 5 cycles of SAP‑TACE. 
The ALBI scores after 3 and 5 cycle of SAP‑TACE were not 
statistically different compared to those before SAP‑TACE 
(right side of Fig. 3).

Subsequent treatments. Subsequent treatments are showed 
in Table III. After cessation of C‑TACE, 41 patients (57.7%) 
received secondary treatment with radiofrequency ablation 
(RFA) (n=14; 19.7%), surgical resection (n=1; 1.4%), radio‑
therapy (n=2; 2.8%), hepatic arterial infusion chemotherapy 
(n=15; 21.1%), systemic chemotherapies (n=14; 19.7%). Thirty 
patients (42.3%) received no secondary treatment. After cessa‑
tion of SAP‑TACE, 49 patients (58.3%) received secondary 
treatment with RFA (n=22; 26.2%), surgical resection (n=2; 
2.4%), radiotherapy (n=5; 6.0%), hepatic arterial infusion 
chemotherapy (n=5; 6.0%), systemic chemotherapies (n=29; 
34.5%). Thirty‑five patients (41.7%) received no secondary 
treatment. The proportions of patients who received hepatic 
arterial infusion chemotherapy and systemic chemotherapies 
after repeated TACE were different between the C‑TACE 
cohort and the SAP‑TACE cohort (P=0.005 and 0.004, respec‑
tively), although those who received RFA, surgical resection, 
and radiotherapy were not different between the C‑TACE 
cohort and the SAP‑cohort (P=0.341, 0.661 and 0.349, respec‑
tively).

Discussion

The current study is the first to report a comparison between 
the repeated use of C‑TACE and SAP‑TACE with respect to 
long‑term overall survival and liver function deterioration. 

Table I. Baseline characteristics.

Variable	 C‑TACE (n=71)	 SAP‑TACE (n=84)	 P‑value

Follow‑up period, months (median; range)	 21 (1‑94)	 26 (2‑64)	 0.636
Age, years (mean ± SD)	 73.0±9.4	 73.4±8.7	 0.513
Sex, n (male/female)	 49/22	 61/23	 0.723
Etiology, n (hepatitis C/hepatitis B/other)	 30/11/30	 33/15/36	 0.898
Previous treatment, n (yes/no)	 6/65	 37/47	 <0.001
Number of tumors	 4.7±4.9	 6.3±10.2	 0.906
Maximum tumor size, mm (mean ± SD)	 49.2±35.3	 43.7±38.6	 0.173
Tumor distribution, n (unilobar/bilobar)	 39/22	 40/29	 0.736
BCLC stage, n (A/B)	 20/51	 32/52	 0.233
Child‑Pugh class, n (A/B)	 58/13	 59/24	 0.135
ALBI score, n (1/2/3)	 23/45/3	 22/58/3	 0.693
AST, IU/l (mean ± SD)	 71.0±90.9	 60.9±53.7	 0.245
Albumin, g/dl (mean ± SD)	 3.6±0.5	 3.5±0.5	 0.567
Total Bilirubin, mg/dl (mean ± SD)	 0.9±0.4	 0.9±0.4	 0.921
Prothrombin time, % (mean ± SD)	 81.0±12.3	 78.4±12.9	 0.428
AFP, ng/ml (median; range)	 45.5 (2.0‑360100.0)	 22 (1.8‑111160.0)	 0.332
DCP, mAU/ml (median; range)	 151 (8‑400000)	 184 (11‑54400)	 0.803

C‑TACE, conventional transarterial chemoembolization; SAP‑TACE, transarterial chemoembolization with superabsorbent polymer micro‑
spheres; BCLC, Barcelona Clinic Liver Cancer; AST, aspartate aminotransferase; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; 
ALBI, albumin‑bilirubin.
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Table II. Factors associated with overall survival in all patients.

	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Factor	 P‑value	 P‑value	 Hazard ratio (95% CI)

Age (<70 vs. ≥70 years)	 0.696	 0.037	 0.625 (0.402‑0.972)
Sex (male vs. female)	 0.566	 0.485	 0.831 (0.494‑1.397)
HCV RNA (positive vs. negative)	 0.299	 0.434	 0.842 (0.546‑1.297)
Tumor distribution (unilobar vs. bilobar)	 <0.001	 0.161	 0.701 (0.426‑1.153)
BCLC stage (A vs. B)	 <0.001	 0.075	 0.556 (0.291‑1.061)
Child‑Pugh grade (A vs. B)	 0.002	 0.001	 0.427 (0.256‑0.714)
AFP (<400 vs. ≥400 ng/ml)	 <0.001	 0.003	 0.468 (0.284‑0.772)
DCP (<1,000 vs. ≥1,000 mAU/ml)	 <0.001	 0.007	 0.512 (0.314‑0.835)
TACE procedure (C‑TACE vs. SAP‑TACE)	 0.289	 0.319	 0.804 (0.524‑1.234)

CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin; C‑TACE, conventional tran‑
sarterial chemoembolization; SAP‑TACE, transarterial chemoembolization with superabsorbent polymer microspheres; HCV, hepatitis C virus.

Figure 1. Survival analysis using Kaplan‑Meier curves of the SAP‑TACE group (continuous line) and C‑TACE group (dotted line) in the various patient 
subgroups, including (A) all patients, (B) patients with a Child‑Pugh score of 5, (C) patients with a Child‑Pugh score of 6, (D) patients with a Child‑Pugh score 
≥7, (E) patients with BCLC‑stage A and (F) patients with BCLC‑stage B. C‑TACE, conventional transarterial chemoembolization; SAP‑TACE, transarterial 
chemoembolization with superabsorbent polymer microspheres; BCLC, Barcelona Clinic Liver Cancer.
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The current study did not reveal any benefit of SAP‑TACE 
over C‑TACE in long‑term survival. The median survival 
periods of the C‑TACE cohort and the SAP‑TACE cohort were 
26 and 28 months respectively (P=0.289). However, regarding 
the deterioration of liver function after repeated procedures 
of TACE, unlike C‑TACE, SAP‑TACE did not worsen the 
Child‑Pugh and ALBI scores after 3 and 5 cycles of TACE 
compared with the scores before TACE.

The explanation for the difference in the deterioration 
of liver function after the repeated administration of TACE 
between SAP‑TACE and C‑TACE may be related to the inci‑
dence of post‑embolization syndrome. Preliminary results 
from an Italian multicenter study showed that SAP‑TACE was 
feasible and well tolerated, with a low complication rate (11). 
SAP‑TACE leads to low plasma levels of the cytotoxic drug 
and therefore minimizes toxicity compared to C‑TACE (13). 
In a randomized controlled trial, moderate and severe 
periprocedural pain was less frequent after TACE with doxo‑
rubicin‑eluting beads than after C‑TACE (9). In a histological 
study, HepaSphere particles penetrated intratumoral vessels 
depending on their size but did not reach the hepatic sinusoids 
or the peribiliary plexus (10). In contrast, lipiodol spreads more 
distally than HepaSphere into the sinusoids and to the distal 
portal vein branches, allowing for a transient dual (arterial and 
portal) embolization (25). These results could explain why 

SAP‑TACE using HepaSphere is less invasive than C‑TACE 
using lipiodol in terms of liver function deterioration after the 
procedures. Another study also showed that among 99 evalu‑
ated patients, 90 (90.9%) were not found to have direct damage 
to the hepatic arteries after initial SAP‑TACE (12).

Recent advances allow chemotherapy with some agents in 
cases refractory to TACE in patients with good liver function, 
i.e., Child‑Pugh class A (18‑20). Johnson et al (24) introduced 
a new assessment of liver function, the ALBI grade, that can 
evaluate cases with excellent liver function. In patients with 
an excellent liver function undergoing chemotherapy, overall 
survival outcomes are better than in those with good or poor 
liver functions  (21,26,27). In order to ‘pass the baton’ to 
chemotherapy in TACE‑refractory patients, TACE should be 
performed repeatedly, with no deterioration of the liver func‑
tion caused by the procedures.

Although there were differences between SAP‑TACE and 
C‑TACE with respect to the deterioration of liver function after 
repeated TACE, they did not affect long‑term outcomes. We 
hypothesize that the reason might lie in the treatment selection 
differences after refractory TACE. In this study, the choice of 
subsequent treatments, including hepatic arterial infusion and 
systemic chemotherapy, differed significantly between the two 
groups (P=0.005 and 0.04, respectively).

There are some limitations in our study. First, the study was 
not randomized and includes the retrospective experience of a 

Figure 2. Liver function deterioration assessment in patients receiving 
repeated conventional transarterial chemoembolization. Changes in 
Child‑Pugh scores are shown on the left. Changes in ALBI scores are shown 
on the right. The cross indicates the average score. *P<0.05; Bonferroni adjust‑
ment was used to correct for multiple comparisons. ALBI, albumin‑bilirubin.

Figure 3. Liver function deterioration assessment in patients receiving 
repeated transarterial chemoembolization with superabsorbent polymer 
microspheres. Changes in Child‑Pugh scores are shown on the left. Changes 
in ALBI scores are shown on the right. The cross indicates the average score. 
ALBI, albumin‑bilirubin.

Table III. Subsequent treatment after TACE.

Subsequent treatment	 C‑TACE (n=71)	 SAP‑TACE (n=84)	 P‑value

RFA, n (%)	 14 (19.7)	 22 (26.2)	 0.342
Surgery, n (%)	 1 (1.4)	 2 (2.4)	 0.661
Radiation, n (%)	 2 (2.8)	 5 (6.0)	 0.349
Hepatic arterial infusion, n (%)	 15 (21.1)	 5 (6.0)	 0.005
Systemic chemotherapy, n (%)	 14 (19.7)	 29 (34.5)	 0.040
None, n (%)	 30 (42.3)	 35 (41.7)	 0.941

C‑TACE, conventional transarterial chemoembolization; SAP‑TACE, transarterial chemoembolization with superabsorbent polymer micro‑
spheres; RFA, radiofrequency ablation.
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single center. Second, patients in the two cohorts had different 
therapeutic backgrounds, i.e., a significantly greater number 
of SAP‑TACE patients had prior treatment as compared with 
C‑TACE patients. Differences in biology between primary and 
recurrent disease can affect the efficacy of TACE. However, 
despite these limitations, the current study is the first to report 
an assessment of the choice of TACE. Taking into consideration 
the development of new molecular target agents and immune 
checkpoint inhibitors (28‑30), we conclude that SAP‑TACE 
might be an appropriate choice for preserving liver function.
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