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Abstract

Background: The present study aimed to evaluate the short-term efficacy and safety of drug-eluting beads
transarterial chemoembolization (DEB-TACE) with CalliSpheres Beads loaded with doxorubicin (DOX) in the
treatment of Chinese patients with hepatocellular carcinoma (HCC) compared to conventional TACE (cTACE).

Methods: A total of 54 patients with HCC treated by TACE from June 2016 to February 2017 were retrospectively
analyzed. These included 24 cases in the DEB-TACE group and 30 cases in the cTACE group. The clinical efficacy,
tumor recurrence rate, and complications were compared between the two groups. Furthermore, liver function
tests and alpha-feto protein levels were compared between the two groups before and at 1 week and 1 month
after interventional treatment.

Results: There were no significant differences in baseline characteristics (p > 0.05). Tumor response rates and
disease control rates in the DEB-TACE group were significantly higher than those in the cTACE group at 3 and
6 months after treatment (p < 0.05). Recurrence rates at 6 months were significantly higher for cTACE compared to
DEB-TACE (43.3 vs. 16.7%; p = 0.036). At 1 month, the AFP level in the DEB-TACE group was significantly lower than
that in the cTACE group (p = 0.008). At the end of follow-up, four cases in the DEB-TACE group and two cases in
the cTACE group were treated with salvage surgery after downstaging the disease. Liver function of both groups
improved at 1 month. However, alanine aminotransferase, aspartate aminotransferase, and total bilirubin levels in
the DEB-TACE group were better than those in the cTACE group (p < 0.05). The incidence of DOX-related
complications in the DEB-TACE group was significantly lower than in the cTACE group (p < 0.05).

Conclusion: The short-term efficacy of DEB-TACE is better, and the complication rates are lower compared to
cTACE in the treatment of Chinese patients with HCC. However, long-term clinical efficacy and survival benefit
should be analyzed in future studies.
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Background
The incidence of hepatocellular carcinoma (HCC) has
continued to rise over the past decades due to increasing
numbers of hepatitis B (HBV) and C virus (HCV) infec-
tions [1]. HCC has become one of the major causes of
cancer-related deaths worldwide [2]. Curative treatments
for early-stage HCC include surgical treatment (liver
resection and liver transplantation) and local therapy
(radiofrequency ablation). However, when diagnosed
with HCC, approximately 70% of cases are at later stages
according to the Barcelona Clinic Liver Cancer (BCLC)
staging system, and it is not suitable for these patients to
be treated with surgical resection [3, 4]. Liver transplant-
ation is an effective method for the treatment of HCC,
but donors for liver transplantation are scarce and the
cost is very high, which limits its use for the treatment
of HCC. Currently, transarterial chemoembolization
(TACE) has been generally considered as an effective
treatment option for unresectable HCC [5]. As a locore-
gional therapy, TACE plays an important role in the
management of patients at non-early stages. It has been
used not only as a palliative treatment for advanced
cases but also as a downstaging/bridging/necrotizing
tool prior to a further surgical resection or liver trans-
plantation. However, conventional TACE (cTACE) often
uses emulsions of lipiodol with doxorubicin (DOX) or
other chemotherapy drugs, which do not reside long in
tumor tissues and will rapidly enter the systemic blood
circulation. Thus, cTACE will reduce the local antitumor
drugs concentration, but at the same time, easily cause
systemic adverse events.
Drug-eluting beads transarterial chemoembolization

(DEB-TACE) has been used as a novel drug delivery and
embolization system in recent years, which can not only
load chemotherapy drugs and release them slowly in local
regions but can also embolize the tumor supply vessels
permanently [6–8]. Clinical trials showed that DOX-
loaded DEB-TACE resulted in higher intra-tumoral drug
concentrations and lower systemic toxicity [9, 10].
At present, DEB products have not been widely used

in China. CalliSpheres Beads (CB) is the first DEB prod-
uct in China and has just been applied to clinical use in
the last 2 years. Studies associated with CB are limited.
Therefore, the clinical efficacy and safety of CB in Chin-
ese patients with HCC are still unclear.
The aim of this study is to compare the short-term clin-

ical efficacy and safety of DEB-TACE with CB loaded with
DOX and cTACE in the treatment of HCC to analyze CB’s
clinical value and safety in Chinese patients with HCC.

Methods
Patients and groups
The institutional review board of the Zhongnan Hospital
of Wuhan University approved this retrospective study

and waived the requirement for patient informed con-
sent. A total of 84 patients diagnosed with unresectable
HCC by imaging, serological, and pathological examina-
tions were treated in our hospital from June 2016 to
February 2017. The inclusion criteria were (1) primary
interventional treatment, (2) aged 18 to 75 years, (3) BCLC
stage B or C, (4) Child-Pugh grade A or B, (5) Eastern Co-
operative Oncology Group performance status (ECOG PS)
0–2, (6) patients without portal vein, vena cava or bile duct
thrombi, and (7) the expected survival time was more than
6 months. The exclusion criteria were (1) malignant tumor
of other sites, (2) other treatment or antineoplastic drugs
were performed for the corresponding period, and (3) un-
stable systemic disease or uncontrolled infection.

TACE procedures
After local disinfection and anesthesia, percutaneous
right femoral artery puncture intubation with a modified
Seldinger technique was performed, and the left femoral
artery or the left brachial artery was punctured, if neces-
sary. Then, a 5F-Yashiro or RH (Terumo, Japan) catheter
was introduced through a 5-F vascular sheath and placed
into the common hepatic artery under DSA guidance to
perform celiac angiography to identify the hepatic arter-
ial anatomy and the potential existence of variants.
Tumor locations, sizes, and numbers, as well as portal
vein tumor thrombus and hepatic arteriovenous fistula,
were identified through initial angiography. If there was
no definite tumor-feeding artery, angiography of the su-
perior mesenteric artery, bilateral inferior phrenic artery,
internal thoracic artery, and adrenal artery should be
performed to confirm the tumor-feeding artery. Subse-
quently, a 2.7-F Progreat microcatheter (Terumo, Japan)
was advanced super-selectively into the right or left hep-
atic artery or segmental tumor-feeding artery through a
coaxial hydrophilic guidewire.

1) cTACE group: after fully mixed by the pumping
method, emulsions of lipiodol (5–15 ml) and DOX
(10–20 mg) were slowly injected into the tumor-
feeding artery through a microcatheter under
fluoroscopic monitoring to avoid reflux of lipiodol
emulsion followed by the infusion of a gelatin
sponge. The TACE procedure was terminated
when target blood flow interruption or tumor
stain disappearance was observed. The dosage of
chemotherapeutic drugs was adjusted according
to the patient’s liver function tests. The amount
of lipiodol and chemotherapeutic drug emulsions
were given according to the tumor size and
tumor-feeding arterial blood flow.

2) DEB-TACE group: CalliSpheres Beads (Jiangsu
Hengrui Medicine Co. Ltd., Jiangsu, China) were
used as the carrier to load DOX with sizes of
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300–500 μm or 100–300 μm, depending on the
tumor sizes and blood supply. 30 min were required
to load DOX with a dosage of 60–80 mg every 20 ml
CB prior to the beginning of the TACE procedure.
During the loading procedure, the mixture was
shaken every 5 min at room temperature (20–25 °C)
to enable the CB to fully load with DOX. Once
loaded, iodine alcohol, a non-ionic contrast agent,
was mixed with CBDOX (at a volume ratio of 1:1).
Then, the CBDOX was manually injected into the
tumor-feeding artery slowly and carefully under
fluoroscopic monitoring to avoid reflux of the
CBDOX into non-target vessels. Subsequent
angiography was performed to identify the extent of
vascular occlusion.

Evaluation of clinical efficacy
Individualized computed tomography (CT) or magnetic
resonance imaging (MRI) was performed within 1 week
prior to initial TACE to evaluate the baseline tumor im-
aging. Follow-up individualized CT or MR was performed
at 3 and 6 months after treatment to assess the local
tumor response according to the modified Response
Evaluation Criteria in Solid Tumors (mRECIST [11]). Ob-
jective response (OR) was defined as complete remission
(CR) plus partial remission (PR), and disease control (DC)
was defined as CR, PR plus stable disease (SD). Progres-
sion of disease (PD) was defined as local recurrence and
new lesions, as well as a combination of both (overall re-
currence). The intrahepatic tumor lesions were evaluated
by two experienced (more than 5 years working experi-
ence) abdominal radiologists in cooperation with our de-
partment. TACE was repeated in cases with local tumor
progression and without contraindications. Tumor recur-
rences were recorded at each follow-up time point. Alpha-
fetoprotein (AFP) levels were also recorded before and at
1 week and 1 month after interventional treatment.

Safety evaluation
Safety was evaluated by monitoring changes in liver en-
zymes at 1 week and 1 month after treatment. Parame-
ters related to liver function included serum albumin
(ALB), total protein (TP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and total bili-
rubin (TBiL) levels. Complications associated with the
TACE treatment were recorded during the follow-up
period and included liver toxicity, post-embolization
syndrome (including nausea, vomiting, fever, and ab-
dominal pain), liver abscess, ascites, and DOX-related
complications.

Statistical analysis
SPSS Statistics package (version 22.0; IBM, Chicago, IL)
was used for statistical analyses. All data of continuous

variables were expressed as the mean ± standard deviation.
Numerical differences between groups were assessed by
chi-square test for categorical variables and t test for con-
tinuous variables. Statistical significance was set at p < 0.05.

Results
Baseline clinical characteristics
A total of 54 patients with unresectable HCC were even-
tually enrolled in this retrospective study, including 24
treated by DEB-TACE (DEB-TACE group; 22 males and 2
females; mean age ± standard deviation, 56.25 ± 7.47; age
range, 43–75 years; mean tumor diameter ± SD, 7.25 ± 2.
33 cm) and 30 treated by cTACE (cTACE group; 27 males
and 3 females, mean age ± standard deviation, 52.8 ± 6.13;
age range, 46–74 years; mean tumor diameter ± SD, 7.53
± 2.39 cm). For 46 of these patients, TACE was the first
treatment, and eight were treated after postoperative re-
currence. There were no significant differences in baseline
clinical and demographic characteristics between the two
groups (Table 1). There were no deaths, and no patients
were lost in the 6 months follow-up.

Curative effect
The local tumor response rates are summarized in
Table 2. CR (Fig. 1), PR, and SD in the DEB-TACE group
were achieved in 6, 14, and 2 patients at 3 months and
5, 10, and 5 at 6 months, respectively, which reached OR
and DC rates of 83 and 92% at 3 months and 63 and
83% at 6 months, respectively. For the cTACE group, CR,
PR, and SD were achieved in 1, 12, and 7 patients at
3 months; no patients achieved CR; 9 patients achieved
PR; and 8 patients achieved SD at 6 months, with OR and
DC rates of 43 and 67% at 3 months and 30 and 57% at
6 months, respectively. CR, OR, and DC rates in the DEB-
TACE group were all significantly higher than those in
cTACE group at 3 and 6 months. Furthermore, PD rate at
3 months (p = 0.028) and 6 months (p = 0.036) were sig-
nificantly lower in the DEB-TACE group than in the
cTACE group. Overall, local response achieved at 3 and
6 months follow-up were better in the DEB-TACE group
compared to the cTACE group.
Overall tumor recurrence occurred in 8.3% at 3 months

and reached 16.7% at 6 months in the DEB-TACE group.
In the cTACE group, the respective tumor recurrence
rates were 33.3 and 43.3%. The overall tumor recurrence
rates at 3 and 6 months in the DEB-TACE group were
both significantly lower compared to the cTACE group
(p = 0.028 and p = 0.036, respectively) (Table 3).
AFP levels during the study are shown in Table 4. The

mean values of the AFP levels were 1197.41 ± 628.81 ng/
ml, 566.22 ± 217.99 ng/ml, and 158.06 ± 69.89 ng/ml in
the DEB-TACE group and 1144.69 ± 444.35 ng/ml, 604.91
± 250.00 ng/ml, and 221.00 ± 109.12 ng/ml in the cTACE
group at baseline, 1 week and 1 month, respectively. There
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was a statistically significant decrease in the levels of AFP
after 1 week and 1 month of treatment in both groups. At
1 month, the AFP level in the DEB-TACE group was sig-
nificantly lower than that in the cTACE group (p = 0.008),
indicating a relatively better response of the tumors to the
CBDOX.
At the end of follow-up, a total of 6 patients, includ-

ing 4 cases (16.7%, 4/24) in the DEB-TACE group and 2
cases (6.7%, 2/30) in the cTACE group were also treated
with salvage surgery after downstaging the disease. The
remaining cases that were not suitable for hepatic re-
section (HR) received TACE only. Hepatic resections
were all successfully performed, and the mean time
interval between TACE and HR was 2.9 ± 1.8 months.

At the end of follow-up, no patients received a liver
transplant.

Safety
There were no significant differences in liver function tests
between the two groups before treatment (p > 0.05). At
1 week after intervention, ALB and TP levels were signifi-
cantly decreased in the two groups, while ALT, AST, and
TBiL levels were significantly increased. At 1 month after
treatment, liver function tests improved in the two groups.
However, ALT (p = 0.045), AST (p = 0.040), and TBiL (p =
0.038) levels in the DEB-TACE group were significantly
lower than those in cTACE group. There were no

Table 1 Comparison of baseline clinical characteristics of patients between DEB-TACE and cTACE

Variables DEB-TACE cTACE χ2 or t
value

p value

n = 24 n = 30

Gender (M/F) 22/2 27/3 0.044 0.834*

Age (mean ± SD) 56.25 ± 7.47 52.83 ± 6.13 0.225 0.823#

Child-Pugh

A 10 (42%) 14 (47%) 0.135 0.713*

B 14 (58%) 16 (53%)

BCLC stage

B 13 (54%) 17 (57%) 0.034 0.854*

C 11 (46%) 13 (43%)

ECOG PS

0 ~ 1 15 (63%) 18 (60%) 0.035 0.851*

2 9 (37%) 12 (40%)

Etiology

HBV 15 (62.5%) 18 (60.0%) 0.035 0.851*

HCV 5 (20.8%) 4 (13.3%) 0.540 0.462*

Alcohol 1 (4.2%) 2 (6.7%) 0.159 0.690*

Other and mixed 3 (12.5%) 6 (20.0%) 0.540 0.462*

Amount of tumors

1~2 16 (66.7%) 19 (63.3%) 0.065 0.799*

3 8 (33.3%) 11 (36.7%)

Tumor diameter mean ± SD (cm) 7.25 ± 2.33 7.53 ± 2.39 −0.438 0.663#

*χ2 test, #t test
BCLC Barcelona clinic liver cancer, ECOG PS eastern cooperative oncology group performance status, HBV hepatitis B virus, HCV hepatitis C virus

Table 2 Local tumor response at 3 months and 6 months after treatment

Treatment 3 months 6 months

CR PR SD PD OR DC CR PR SD PD OR DC

DEB-TACE
(n = 24)

6
(25.0%)

14
(58.3%)

2
(8.3%)

2
(8.3%)

20
(83.3%)

22
(91.7%)

5
(20.8%)

10
(41.7%)

5
(20.8%)

4
(16.7%)

15
(62.5%)

20
(83.3%)

cTACE
(n = 30)

1 (3.3%) 12
(40.0%)

7
(23.3%)

10
(33.3%)

13
(43.3%)

20
(66.7%)

0 9
(30.0%)

8
(26.7%)

13
(43.3%)

9
(30.0%)

17
(56.7%)

χ2 value 5.548 1.795 2.160 4.821 8.977 4.821 6.888 0.796 0.248 4.396 5.704 4.396

p value 0.019 0.180 0.142 0.028 0.003 0.028 0.009 0.372 0.618 0.036 0.017 0.036

CR complete response, PR partial response, SD stable disease, PD progressive disease, OR objective response, DC disease control
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significant differences in ALB and TP levels between the
two groups (p > 0.05) (Table 4).
The most common complication in the two groups

was post-embolization syndrome, which occurred in 15
patients in the DEB-TACE group and 26 patients in the
cTACE group; this was a significant difference (p = 0.
015) (Table 5). The incidences of DOX-related complica-
tions, including bone marrow suppression (p = 0.015)
and granulocyte reduction (p = 0.004), in the DEB-TACE
group were significantly lower than those in the cTACE

group (Table 5). There were no significant differences in
the incidence of other complications (p > 0.05).

Discussion
Traditionally, cTACE is usually performed by using
lipiodol mixed with chemotherapeutic agents to block
the tumor-feeding arteries and increase the concentra-
tion of chemotherapeutic agents in tumor tissue, while
the surrounding normal liver parenchyma areas are pro-
tected from chemotherapy toxicity. With this strategy,
lipiodol is considered not only an embolic agent but also
a carrier of chemotherapeutic agents [12, 13]. A previous
study has suggested the conferred survival benefit of
cTACE treatment in HCC compared to conservative
treatment [14]. However, the tumor recurrence rate was
relatively high after cTACE [15–17].
The optimal embolic material should achieve a higher

concentration of chemotherapy agents within the tumor
tissues and a lower systemic concentration, combined
with obstruction of the vessels supplying the tumor. Un-
like lipiodol, DEB has the advantages of controlling the
level of occlusion and release of the antitumor drug,
which can provide a prolonged and sustained drug deliv-
ery and a high diffusion of DOX into the liver tissue
surrounding the beads.

Fig. 1 Phases of DEB-TACE with CBDOX in a 54-year-old male patient. a–b Plain phase and portal phase of pretreatment CT scan revealed a recurrence
lesion located at the right lobe of the liver 11 months after surgical resection. c Angiography during the DEB-TACE procedure revealed a comparatively
hypervascular lesion. d An enhanced MRI scan performed at 3 months after treatment showed a complete remission to treatment

Table 3 Comparison of tumor recurrence rates of HCC between
DEB-TACE and cTACE

Group Tumor recurrence 3 months 6 months

DEB-TACE (n = 24) Local recurrence 1 4

New lesions 1 2

Overall ratea 8.3% (2/24) 16.7% (4/24)

cTACE (n = 30) Local recurrence 9 13

New lesions 5 7

Overall ratea 33.3% (10/13) 43.3% (13/30)

Local recurrence 0.015 0.036

p value New lesions 0.146 0.142

Overall ratea 0.028 0.036
aLocal recurrence and new lesions may coexist, it means the number of
patients, not the total of recurrences
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As the first novel DEB product made in China, CB is a
type of ion-exchange bead with some negatively charged
functional groups, which has the capability of loading
chemotherapeutic agents with a positive charge, such as
DOX [18]. A recent report has demonstrated the advan-
tages of CB by comparing the pharmacokinetics and
drug release in rabbit liver tissues after TACE with
doxorubicin using diverse lipiodol emulsions and CB in
rabbit livers [19]. DEB-TACE with CBDOX resulted in a
relatively lower concentration of DOX in serum and
provided longer release of DOX in tumor tissues from
the CB compared to cTACE [19].
The recent introduction of CB in China has provided

a valuable choice for patients with unresectable HCC. At
present, there have been very few studies comparing
DEB-TACE with CB and cTACE in the treatment of
Chinese patients with HCC. Our results revealed that
patients in the DEB-TACE group tended to present a
better response than those in the cTACE group during
6 months of follow-up. OR and DC rates in the DEB-
TACE group were all significantly higher than those in
the cTACE group at 3 and 6 months. At the same time,
this study showed that the OR and DC rates decreased
to a certain extent at 6 months compared to those at
3 months in the two groups, which might be related to
the formation of collateral circulation and recanalization
of tumor vessels. At 1 month after treatment, AFP levels
in the DEB-TACE group were significantly lower than
those in c-TACE group (p = 0.008), indicating a relatively
better response to CBs. At the same time, the overall

tumor recurrence rate in the DEB-TACE group was sig-
nificantly lower compared to the cTACE group at
6 months (p = 0.036). One potential mechanism to ex-
plain our outcomes is that DEB-TACE might contribute
to obvious necrosis of the tumors through permanent,
super-selective embolization of tumor-feeding arteries,
and sustained DOX delivery in tumor tissue. In addition,
complete embolization of tumor peripheral blood vessels
induced by CB could reduce the probability of recanali-
zation of tumor vessels and formation of collateral circu-
lation, thereby reducing the risk of tumor recurrence
and progression.
Several studies have suggested better response using

different DEB products compared to cTACE, which is
consistent with our research [20, 21]. Malagari et al. [20]
used HepaSphere microspheres with a size of 30–60 μm
as carriers loaded with DOX to treat HCC. The results
showed that the CR and DC rates at 3 months after
treatment were 68.9 and 88.9%, respectively. In
addition, a previous randomized study conducted by
Lammer et al [21] showed a relatively higher rate of
CR, OR, and DC in patients who received DEB-TACE
with DC Beads compared to cTACE (27 vs. 22%; 52
vs. 44%; and 63 vs. 52%, respectively), with a signifi-
cant increase in OR rate (p = 0.038).
Previous studies have shown that some palliative treat-

ment could downstage HCC, thereby allowing some
unresectable HCC to become resectable [22, 23]. In this
study, DEB-TACE tended to downstage HCC and create
an opportunity for further salvage surgery compared to

Table 4 Liver enzymes and AFP levels changes before and after treatment

Variables DEB-TACE (n = 24) cTACE (n = 30) DEB-TACE vs cTACEc

Before TACE 1 week
after TACEa

1 month
after TACEb

Before TACE 1 week
after TACEa

1 month
after TACEb

t value p value

ALB (g/L) 40.64 ± 4.77 34.07 ± 4.42 38.23 ± 3.83 39.64 ± 4.33 34.45 ± 3.74 37.52 ± 4.05 0.654 0.516

TP (g/L) 66.32 ± 7.32 61.06 ± 5.27 65.55 ± 5.62 67.03 ± 4.23 59.11 ± 4.35 64.31 ± 3.05 1.037 0.304

ALT (U/L) 38.17 ± 22.92 58.38 ± 38.08 40.50 ± 22.23 38.04 ± 15.71 65.92 ± 30.83 56.75 ± 30.80 − 2.057 0.045

AST (U/L) 44.58 ± 25.06 63.00 ± 25.52 45.67 ± 15.51 45.47 ± 32.53 73.87 ± 47.64 60.77 ± 32.30 − 2.102 0.040

TBil (umol/L) 16.11 ± 4.28 30.33 ± 18.06 16.85 ± 4.24 16.29 ± 4.63 29.59 ± 16.61 20.87 ± 8.47 − 2.124 0.038

AFP (ng/ml) 1197.41 ± 628.81 566.22 ± 217.99 158.06 ± 69.89 1144.69 ± 444.35 604.91 ± 250.00 221.00 ± 109.12 − 2.748 0.008
aCompared with before treatment, p<0.05
bCompared with 1 week after treatment, p<0.05
cComparison between DEB-TACE and cTACE at 1 month by using t test

Table 5 Comparison of complications induced by TACE therapy between DEB-TACE and cTACE

Complications DEB-TACE cTACE χ2 value p value

Post-embolization syndrome 15 (62.5%) 26 (81.3%) 4.260 0.039

Transient liver injury 11 (46%) 20 (67%) 2.367 0.124

Liver abscess 1 (4.1%) 0 1.274 0.259

Ascites 3 (13%) 8 (27%) 1.650 0.199

Myelosuppression 1 (4.1%) 9 (30%) 5.897 0.015

Granulocyte reduction 2 (8.3%) 13 (43%) 8.142 0.004
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cTACE (16.7 vs. 6.7%), indicating a relatively higher rate
of tumor necrosis and volume reduction. However, there
was no statistical significance. It may be related to the
small sample size and short follow-up time; some cases
may have a chance of salvage surgery with an increased
period of treatment.
The most common complication after cTACE is post-

embolization syndrome, including fever, abdominal pain,
nausea, and vomiting, with an incidence rate from 60 to
80% [24]. In the present study, the most common com-
plication was post-embolization syndrome in both
groups, which occurred in 14 patients and 26 patients in
the DEB-TACE group and cTACE group, respectively.
Despite the higher degree of embolic effect caused by
CB, incidence of post-embolization syndrome in the
DEB-TACE group was significantly lower compared to
the cTACE group (p = 0.039), indicating that DEB-TACE
with CB is better tolerated in the treatment of HCC. A
phase II study demonstrated that DEB-TACE with DOX-
loaded DC Beads resulted in decreased toxicity com-
pared to TACE [25]. An elevation of liver enzymes was
observed in 31 of 54 patients of the two groups at 1 week
after treatment in this study. However, liver toxicity
returned to baseline level at 1 month, and parameters of
ALT, AST, and TBiL in the DEB-TACE group were bet-
ter than those in the cTACE group (p = 0.045, p = 0.040,
and p = 0.038, respectively).
Previously, several clinical studies in HCC had demon-

strated a lower toxicity with DEB-TACE treatment com-
pared to cTACE [21, 26]. The PRECISION V study
compared the incidence of complications between DEB-
TACE and cTACE, and the results showed that the over-
all adverse events rate in the DEB-TACE group was sig-
nificantly lower than that in the cTACE group (20.4 vs.
30.6%). DC Beads showed a better tolerability with a sig-
nificant reduction in serious liver toxicity (p < 0.001) and
a significantly lower rate of DOX-related side effects
[21]. In our study, the dosage of DOX loaded in the
DEB-TACE group was higher than that in cTACE
group. However, complications associated with DOX,
including myelosuppression and granulocyte reduction,
were significantly lower than those in the cTACE group
(p = 0.015 and p = 0.004, respectively), which further dem-
onstrated the sustained and slow release characteristics of
CBDOX. The results of this study indicate that DEB-TACE
with CBDOX has a relatively higher safety and lower tox-
icity in the treatment of HCC compared to cTACE.
The current study has several limitations. First, this

single-center, retrospective study had a small sample size
and was thus underpowered. Conclusions regarding the ef-
ficacy of DEB-TACE vs. cTACE cannot be drawn. Second,
the downstaging role of the two procedures cannot be ac-
curately compared due to the small sample size and short
follow-up time. Undoubtedly, further and larger cohort

studies are essential to confirm these preliminary findings.
Second, despite the improved response rates demonstrated
in the DEB-TACE group, a direct survival benefit cannot be
inferred due to the short time of follow-up.

Conclusion
This study demonstrated that, as the first novel DEB prod-
uct in China, CB could induce better response and lower
tumor recurrence rate in the treatment of Chinese patients
with HCC. Furthermore, this regimen was better tolerated
and had a relatively higher degree of safety. Undoubtedly,
additional large, randomized controlled studies are needed
to evaluate this promising therapeutic approach and con-
firm its long-term efficacy and survival benefit.

Abbreviations
AFP: Alpha-fetoprotein; ALB: Serum albumin; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; BCLC: Barcelona clinic liver cancer;
CB: CalliSpheres Beads; CR: Complete remission; CT: Computed tomography;
DC: Disease control; DEB: Drug-eluting beads; DEB-TACE: Drug-eluting beads
transarterial chemoembolization; DOX: Doxorubicin; ECOG PS: Eastern
cooperative oncology group performance status; HBV: Hepatitis B virus;
HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; HR: Hepatic resection;
mRECIST: Modified response evaluation criteria in solid tumors;
MRI: Magnetic resonance imaging; OR: Objective response; PD: Progressive
disease; PR: Partial remission; SD: Stable disease; TACE: Transarterial
chemoembolization; TBiL: Total bilirubin; TP: Total protein

Acknowledgements
Not applicable

Funding
There was no funding for the study.

Availability of data and materials
All the data on which the conclusions of this manuscript rely are available
without restrictions by contacting the corresponding author.

Authors’ contributions
QL, BW, and JZ designed the study, analyzed the data, performed the
statistical analysis, and drafted the manuscript and had full access to all of
the data in the study and take responsibility for the integrity of the data and
the accuracy of the data analysis. GL and DZ helped in the design and
coordination of the study and drafted the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate
The institutional review board of the Zhongnan Hospital of Wuhan University
approved this retrospective study and waived the requirement for patient
informed consent.

Consent for publication
Not applicable

Competing interests
This manuscript contains original material that has not been published or
submitted to any other journal. The authors declare that they have no
competing interests.

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

Wu et al. World Journal of Surgical Oncology  (2018) 16:69 Page 7 of 8



Received: 3 November 2017 Accepted: 16 March 2018

References
1. El-Serag HB, Mason AC. Rising incidence of hepatocellular carcinoma in the

United States. N Engl J Med. 1999;340(10):745–50.
2. Lewandowski RJ, Mulcahy MF, Kulik LM, Riaz A, Ryu RK, Baker TB, Ibrahim

SM, Abecassis MI, Miller FH, Sato KT, et al. Chemoembolization for
hepatocellular carcinoma: comprehensive imaging and survival analysis in a
172-patient cohort. Radiology. 2010;255(3):955–65.

3. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology
(Baltimore, Md). 2005;42(5):1208–36.

4. El-Serag HB, Marrero JA, Rudolph L, Reddy KR. Diagnosis and treatment of
hepatocellular carcinoma. Gastroenterology. 2008;134(6):1752–63.

5. Kishore S, Friedman T, Madoff DC. Update on embolization therapies for
hepatocellular carcinoma. Curr Oncol Rep. 2017;19(6):40.

6. Wiggermann P, Sieron D, Brosche C, Brauer T, Scheer F, Platzek I,
Wawrzynek W, Stroszczynski C. Transarterial chemoembolization of child-a
hepatocellular carcinoma: drug-eluting bead TACE (DEB TACE) vs. TACE with
cisplatin/lipiodol (cTACE). Med Sci Monit. 2011;17(4):Cr189–95.

7. Burrel M, Reig M, Forner A, Barrufet M, de Lope CR, Tremosini S, Ayuso C,
Llovet JM, Real MI, Bruix J. Survival of patients with hepatocellular
carcinoma treated by transarterial chemoembolisation (TACE) using drug
eluting beads. Implications for clinical practice and trial design. J Hepatol.
2012;56(6):1330–5.

8. Ferrer Puchol MD, la Parra C, Esteban E, Vano M, Forment M, Vera A, Cosin O.
Comparison of doxorubicin-eluting bead transarterial chemoembolization
(DEB-TACE) with conventional transarterial chemoembolization (TACE) for the
treatment of hepatocellular carcinoma. Australas Radiol. 2011;53(3):246–53.

9. Varela M, Real MI, Burrel M, Forner A, Sala M, Brunet M, Ayuso C, Castells L,
Montana X, Llovet JM, et al. Chemoembolization of hepatocellular carcinoma
with drug eluting beads: efficacy and doxorubicin pharmacokinetics. J Hepatol.
2007;46(3):474–81.

10. Poon RT, Tso WK, Pang RW, Ng KK, Woo R, Tai KS, Fan ST. A phase I/II trial of
chemoembolization for hepatocellular carcinoma using a novel intra-arterial
drug-eluting bead. Clin Gastroenterol Hepatol. 2007;5(9):1100–8.

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

12. Llovet JM, Real MI, Montana X, Planas R, Coll S, Aponte J, Ayuso C, Sala M,
Muchart J, Sola R, et al. Arterial embolisation or chemoembolisation versus
symptomatic treatment in patients with unresectable hepatocellular
carcinoma: a randomised controlled trial. Lancet (London, England). 2002;
359(9319):1734–9.

13. Deng G, Zhao DL, Li GC, Yu H, Teng GJ. Combination therapy of
transcatheter arterial chemoembolization and arterial administration of
antiangiogenesis on VX2 liver tumor. Cardiovasc Intervent Radiol. 2011;
34(4):824–32.

14. Dai QS, Gu HL, Ye S, Zhang YJ, Lin XJ, Lau WY, Peng ZW, Chen MS.
Transarterial chemoembolization vs. conservative treatment for unresectable
infiltrating hepatocellular carcinoma: a retrospective comparative study. Mol
Clin Oncol. 2014;2(6):1047–54.

15. Yamada R, Sato M, Kawabata M, Nakatsuka H, Nakamura K, Takashima S.
Hepatic artery embolization in 120 patients with unresectable hepatoma.
Radiology. 1983;148(2):397–401.

16. Takayasu K, Shima Y, Muramatsu Y, Moriyama N, Yamada T, Makuuchi M,
Hasegawa H, Hirohashi S. Hepatocellular carcinoma: treatment with
intraarterial iodized oil with and without chemotherapeutic agents.
Radiology. 1987;163(2):345–51.

17. Kawai S, Okamura J, Ogawa M, Ohashi Y, Tani M, Inoue J, Kawarada Y,
Kusano M, Kubo Y, Kuroda C, et al. Prospective and randomized clinical trial
for the treatment of hepatocellular carcinoma–a comparison of lipiodol-
transcatheter arterial embolization with and without adriamycin (first
cooperative study). The Cooperative Study Group for Liver Cancer
Treatment of Japan. Cancer Chemother Pharmacol. 1992;31 Suppl:S1–6.

18. Lewis AL. DC Bead: a major development in the toolbox for the
interventional oncologist. Expert Rev Med Devices. 2009;6(4):389–400.

19. Zhang S, Huang C, Li Z, Yang Y, Bao T, Chen H, Zou Y, Song L. Comparison
of pharmacokinetics and drug release in tissues after transarterial
chemoembolization with doxorubicin using diverse lipiodol emulsions and
CalliSpheres Beads in rabbit livers. Drug Deliv. 2017;24(1):1011–7.

20. Malagari K, Pomoni M, Moschouris H, Kelekis A, Charokopakis A, Bouma E,
Spyridopoulos T, Chatziioannou A, Sotirchos V, Karampelas T, et al.
Chemoembolization of hepatocellular carcinoma with HepaSphere 30-60
mum. Safety and efficacy study. Cardiovasc Intervent Radiol. 2014;37(1):165–75.

21. Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson A, Pitton M,
Sergent G, Pfammatter T, Terraz S, et al. Prospective randomized study of
doxorubicin-eluting-bead embolization in the treatment of hepatocellular
carcinoma: results of the PRECISION V study. Cardiovasc Intervent Radiol.
2010;33(1):41–52.

22. Lau WY, Lai EC. Salvage surgery following downstaging of unresectable
hepatocellular carcinoma–a strategy to increase resectability. Ann Surg
Oncol. 2007;14(12):3301–9.

23. Lau WY, Leung TW, Lai BS, Liew CT, Ho SK, Yu SC, Tang AM. Preoperative
systemic chemoimmunotherapy and sequential resection for unresectable
hepatocellular carcinoma. Ann Surg. 2001;233(2):236–41.

24. Liu YS, Ou MC, Tsai YS, Lin XZ, Wang CK, Tsai HM, Chuang MT. Transarterial
chemoembolization using gelatin sponges or microspheres plus lipiodol-
doxorubicin versus doxorubicin-loaded beads for the treatment of
hepatocellular carcinoma. Korean J Radiol. 2015;16(1):125–32.

25. Recchia F, Passalacqua G, Filauri P, Doddi M, Boscarato P, Candeloro G,
Necozione S, Desideri G, Rea S. Chemoembolization of unresectable
hepatocellular carcinoma: decreased toxicity with slow-release doxorubicineluting
beads compared with lipiodol. Oncol Rep. 2012;27(5):1377–83.

26. Kettenbach J, Stadler A, Katzler IV, Schernthaner R, Blum M, Lammer J, Rand
T. Drug-loaded microspheres for the treatment of liver cancer: review of
current results. Cardiovasc Intervent Radiol. 2008;31(3):468–76.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Wu et al. World Journal of Surgical Oncology  (2018) 16:69 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and groups
	TACE procedures
	Evaluation of clinical efficacy
	Safety evaluation
	Statistical analysis

	Results
	Baseline clinical characteristics
	Curative effect
	Safety

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

