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Purpose

Transarterial chemoembolization (TACE) delivers cytotoxic drugs intra-arterially and induces

ischemic necrosis by arterial embolization. Embolization is achieved using a variety of agents

that differ widely in particle size and range, deformation, and in vivo arterial distribution.

The clinical significance of these differences has not been thoroughly characterized. The

present study is to compare the efficacy of Embosphere and Embozene microspheres in

TACE therapy for hepatocellular carcinoma.

Materials and Methods

This retrospective study includes 108 hepatocellular carcinoma (HCC) patients who received

TACE/doxorubicin with Embozene (70 patients) or Embosphere (38 patients) at a single

medical center. Patient outcomes, including liver function, tumor size, tumor response, and

complications after treatment, were analyzed. The change in total target lesion size and

tumor response was evaluated according to embolization agent and clinical characteris-

tics.

Results

The postoperative glutamate oxaloacetate transaminase (mean, 194.5 vs. 147.5; p=0.032)

and bilirubin (mean, 1.11 mg/dL vs. 0.73 mg/dL; p=0.016) were higher among patients

treated with Embozene, the decrease in the number (55.86±25.55% vs. 41.81±38.51%,

p=0.027) and size (56.37±25.91 mm vs. 43.44±37.89 mm, p=0.001) of liver tumors rel-

ative to baseline was greater in these patients than in those treated with Embosphere.

These greater antitumor effects were achieved using lower doses of doxorubicin than for

treatment with Embozene. Minor complications were more common among patients treated

with Embosphere than with Embozene.

Conclusion

These results suggest that Embozene is more efficacious than Embosphere for HCC treat-

ment using TACE/doxorubicin.
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Introduction

Hepatocellular carcinoma (HCC), the most common hepa-
tic malignancy, has a high mortality rate. Improvements in
surgical techniques and growing acceptance of organ trans-
plantation have made liver transplantation a feasible, cura-
tive treatment for HCC. However, the shortage of available
organs limits transplantation to 30% of patients who meet

the criteria [1]. For this reason, most HCC patients are treated
with palliative therapies.

Transarterial chemoembolization (TACE), an intra-arterial
catheter-based chemotherapy, selectively delivers high doses
of cytotoxic drugs to the tumor bed together with the induc-
tion of ischemic necrosis via arterial embolization [2]. This
treatment is one of the preferred modalities for HCC patients
who are not suitable for curative therapy [3] and is the stan-
dard of care for non-surgical patients with tumors limited to
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the liver because it preserves liver function [4,5]. TACE also

is recommended for late-stage HCC as the first option for

palliative treatment. The most common sole-agent anticancer

drug used in published TACE studies is doxorubicin (36%),

followed by cisplatin (31%), epirubicin (12%), mitoxantrone

(8%), mitomycin (8%), and SMANCS (5%) [6].

Transcatheter vascular occlusion is achieved using a vari-

ety of embolic agents, including biodegradable products

such as gelatin sponges, starch microspheres, and collagen

particles for temporary occlusion and non-biodegradable

products such as polyvinyl alcohol (PVA) polymer agents,

including Embosphere and Embozene, for permanent occlu-

sion [2]. PVA agents vary widely with respect to compress-

ibility, elasticity, and rigidity, with these properties playing

critical roles in the level of embolization achieved [7].

Embosphere is a polymeric microsphere made of trisacryl

cross-linked to gelatin. This product comes in a variety of cal-

ibrated size ranges. Embosphere does not aggregate, has a

smooth and hydrophilic surface, and is deformable, allowing

it to penetrate deeper and embolize smaller vessels than

other products of this type [8]. Embozene microspheres are

composed of a hydrogel core (polymethylmethacrylate) and

a Polyzene-F shell. These microspheres have a narrower

granulometric distribution than the other available micros-

pheres (100, 250, 400, 500, 700, and 900 µm), with each size

tightly calibrated to have 95% of the particles within 50 µm

of the nominal size. Embozene microspheres have a higher

in vivo deformation, which results in more distal occlusion

within the vascular network as compared to that of Embo-

sphere microspheres of medium to large size [9]. However,

it remains to be determined whether these theoretical advan-

tages of Embozene bring additional clinical benefits to embo-

lization. This study aims to answer this question by investi-

gating HCC patient outcomes after TACE treatment using

Embozene or Embosphere as the embolic agent. Patient out-

comes, including liver function, tumor size, tumor response,

and complications after TACE treatment are compared bet-

ween these two treatments.

Materials and Methods

1. Patient cohort

This retrospective study includes HCC patients who recei-

ved TACE with Embozene or Embosphere as the embolic

agent at a single medical center between May 2014 and Sep-

tember 2016. The cohort comprised a total of 108 patients, 38

who received Embosphere 100-300 µm (Merit Medical, South

Jordan, UT) (group A) and 70 who received Embozene 75

µm, 100 µm, or 250 µm (Celonova Biosciences, Inc., Atlanta,

GA) (group B). All included patients had at least one treat-

ment-naïve lesion ! 10 mm, Child-Pugh score " 8, serum

bilirubin " 2, not amenable for operation or radiofrequency

ablation, and no or mild ascites. To avoid the systemic effect

of chemical, targeted, or immunotherapy drugs on the 

untreated target lesion, patients who received these drugs

were excluded.

Data were gathered from patient medical records, includ-

ing demographic data, history of hepatitis virus infection,

Child-Pugh score, and duration of hospitalization. All pati-

ents had baseline and 1-3-month post-treatment images. We

used the modified Response Evaluation Criteria in Solid 

Tumors (mRECIST) to evaluate target lesions.

2. TACE implementation

1) Procedure

The therapeutic plan for each patient was devised by their

physician, including the timing of TACE implementation and

choice of microspheres. Femoral puncture was performed

and a 5-Fr angiosheath (Medikit, Tokyo, Japan) was placed in

the artery. A 4- or 5-Fr angiocatheter was selected by the 

radiologist for further procedure. Digital subtraction angiog-

raphy (DSA) at the celiac trunk was performed in every pati-

ent. TACE was performed using a microcatheter and super

selection technique to approach the target lesion. To control

vasospasm, intra-arterial nitroglycerin was infused at a dose

of " 250 µg. An emulsion of lipiodol, a vehicle that carries the

drug into the tumor, and doxorubicin (Embosphere: 1 mL 

lipiodol to 5 mg doxorubicin; Embozene, 1 mL lipiodol to 2.5

mg doxorubicin) was then infused with the embolic agent 

according to the manufacturer’s instructions. The endpoint of

embolization was the point at which the test contrast column

in the proximal hepatic artery was clear within five patient

heartbeats. The post-TACE DSA was evaluated using half-

dose contrast. If the tumor stain was still visible, the emboliza-

tion was repeated until the endpoint was reached.

2) Dose determination

We presume that a more size-uniform microsphere suspen-

sion is less porous and more compact, thereby size-uniform

microspheres would lead to a more distal occlusion to target

area than less uniform microspheres. Thus, the administrating

amount of lipiodol were determined by the type of embolic

agent used (Embosphere: 1 mL lipiodol for 1 cm target area;

Embozene, 0.5 mL lipiodol for 1 cm target area). The admin-

istrating dose of chemotherapeutic agents were depended on

the amount of lipiodol, as 5 mg chemotherapeutic agent

emulsion/mL lipiodol. For example, a 2-cm diameter target
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Table 1.  Baseline patient characteristics according to the treatment group

Total Embosphere Embozene p-valuea)
(n=108) (n=38) (n=70)

Age (yr) 67.07±9.86 68.39±9.28 66.36±10.16 0.307 
Sex

Female 40 (37.0) 12 (31.6) 28 (40.0) 0.413 
Male 68 (63.0) 26 (68.4) 42 (60.0)

HBV/HCV
None 10 (9.3) 4 (10.5) 6 (8.6) 0.595 
HBV 50 (46.3) 17 (44.7) 33 (47.1)
HCV 45 (41.7) 17 (44.7) 28 (40.0)
HBV+HCV 3 (2.8) 0 ( 3 (4.3)

Child-Pugh score
A 99 (91.7) 36 (94.7) 63 (90.0) 0.489 
B 9 (8.3) 2 (5.3) 7 (10.0)

BCLC staging
A 5 (4.6) 1 (2.6) 4 (5.7) 0.655 
B 103 (95.4) 37 (97.4) 66 (94.3)

Values are presented as the mean±standard deviation and number (%). HBV, hepatitis B virus; HCV, hepatitis C virus; BCLC,
Barcelona Clinic Liver Cancer. a)Embosphere vs. Embozene as determined by two-sample t test for age and Pearson chi-
square/or Fisher exact test for other categorical variables. No significant differences were observed in baseline characteristics
between the two treatment groups.

Table 2.  Laboratory results according to treatment

Total Embosphere Embozene p-valuea)
(n=108) (n=38) (n=70)

GOT (U/L)
Ratiob) 177.99±234.31 147.49±174.51 194.54±260.8 0.032c)

Pre-treatment 70.51±43.58 67.32±33.21 72.24±48.43 0.748 
Post-treatment 116.31±168.21 90.10±102.24 130.54±194.14 0.257 

GPT (U/L)
Ratiob) 173.03±164.49 155.74±118.25 182.42±184.95 0.286 
Pre-treatment 61.22±53.76 54.26±32.53 65.00±62.23 0.632 
Post-treatment 87.67±77.87 74.50±60.42 94.81±85.44 0.465 

Bilirubin (mg/dL)
Ratiob) 147.1±116.61 125.93±61.78 158.6±136.6 0.117 
Pre-treatment 0.72±0.42 0.62±0.25 0.78±0.48 0.122 
Post-treatment 0.97±0.76 0.73±0.37 1.11±0.88 0.016c)

Creatinine (mg/dL)
Ratiob) 99.24±24.88 96.79±12.75 100.56±29.46 0.560 
Pre-treatment 1.13±1.27 1.05±0.70 1.18±1.50 0.256 
Post-treatment 1.16±1.54 1.03±0.78 1.23±1.82 0.294 

Values are presented as the mean±standard deviation. GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate
transaminase. a)Embosphere vs. Embozene as determined by Mann-Whitney U test, b)Ratio=Post-treatment/Pre-treatment,
c)Significant difference.
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area were treated by 2 mL of lipiodol containing 10 mg dox-
orubicin. The patient with a 3-cm diameter target area who
were treated with Embozene receiving 1.5 mL lipiodol con-
taining 7.5 mg doxorubicin.

Triple-phase contrast-enhanced computed tomography or
contrast-enhanced magnetic resonance was performed at
baseline and during post-therapeutic evaluation at 1-3 months.
The images were interpreted by two radiologists and evalu-
ated using mRECIST criteria, as follows: complete remission
(CR), absence of intratumoral arterial enhancement in all tar-
get lesions; partial response (PR), decreased sum of the diam-
eter of viable target lesions; stable disease (SD), no PR and no
progressing disease (PD); PD, increase of > 20% in the sum of

the smallest diameter target lesions since the start of the treat-
ment. Major complications included fever, abdominal pain,
and other adverse events necessitating the use of medication
or further management. Minor complications included nau-
sea, vomiting, fever, abdominal pain, and other adverse events
that did not require medication or further management.

3. Statistical analysis

Data are presented as the mean±standard deviation (SD)
for age, laboratory examinations, and the number of target
lesions; mean±SD (range) for length of hospital stay and
dosage of lipiodol and doxorubicin; and number (%) for

Table 3.  Patient outcomes according to treatment

Total Embosphere Embozene p-valuea)
(n=108) (n=38) (n=70)

Duration of hospitalization 3.86±2.48 3.95±2.03 3.81±2.7 0.786
(2-24) (2-11) (2-24)

Chemical agent
TAE 7 (6.5) 0  ( 7 (10.0) 0.050 
TACE 101 (93.5) 38 (100) 63 (90.0)

Lipiodol (mL) 3.45±2.86 5.97±2.93 2.08±1.64 < 0.001b)

(1-12) (1-12) (1-10)
Doxorubicin (mg) 17.23±4.31 29.84±14.64 10.38±8.22 < 0.001b)

(5-60) (5-60) (5-50)
No. of target lesions 2.29±1.29 2.87±1.19 1.97±1.24 < 0.001

1 40 (37) 6 (15.8) 34 (48.6)
2 26 (24.1) 8 (21.1) 18 (25.7)
3 22 (20.4) 12 (31.6) 10 (14.3)
4 11 (10.2) 9 (23.7) 2 (2.9)
5 9 (8.3) 3 (7.9) 6 (8.6)

Total size of target lesions (mm)
Pre-treatment 47.99±34.59 56.37±25.91 43.44±37.89 0.001b)

Post-treatment 23.6±23.73 31.03±18.14 19.57±25.5 < 0.001b)

Change (%) 46.75±35.03 55.86±25.55 41.81±38.51 0.027b)

Progression of non-target lesions
No 99 (91.7) 36 (94.7) 63 (90.0) 0.489 
Yes 9 (8.3) 2 (5.3) 7 (10.0)

Response
CR 22 (20.4) 1 (2.6) 21 (30.0) 0.002b)

PR 52 (48.2) 24 (63.2) 28 (40.0)
SD 25 (23.2) 11 (29) 14 (20.0)
PD 9 (8.3) 2 (5.3) 7 (10.0)

Major complications 4 (3.7) 2 (5.3) 2 (2.9) 0.612 
Minor complications 20 (18.5) 11 (28.9) 9 (12.9) 0.040b)

Values are presented as the mean±standard deviation (range) or number (%). TAE, transarterial embolization; TACE, transar-
terial chemoembolization; CR, complete remission; PR, partial response; SD, stable disease; PD, progressing disease. 
a)Embosphere vs. Embozene as determined by Mann-Whitney U test for continuous variables and Pearson chi-square or
Fisher exact test for categorical variables, b)Significant difference.
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other categorical variables by treatment. Differences between
the two treatments were evaluated using a two-sample t test
for continuous data, the Mann-Whitney U test for continuous
variables without normal distribution, and the Pearson chi-
square or Fisher exact test for categorical variables. Univari-
ate simple linear regression and binary logistic regression
analyses were applied to evaluate the association of % change
in total size of target lesions and tumor response (CR+PR)
according to treatment and clinical characteristics, separa-
tely. Results are presented as !with corresponding 95% con-
fidence interval (95% CI) and p-values via univariate linear
regression analysis and as odds ratio (OR) with correspon-
ding 95% CI and p-value via binary logistic regression analy-
sis. All statistical assessments were two-tailed and consi-
dered significant for p < 0.05. All statistical analyses were
performed using IBM SPSS statistical software ver. 22 for
Windows (IBM Corp., Armonk, NY).

4. Ethical statement 

This study was approved by the Institutional Review
Board of National Cheng Kung University Hospital with a
waiver of informed consent (IRB No. B-ER-106-020) and per-
formed in accordance with the principles of the Declaration
of Helsinki.

Results

The patient cohort comprised a total of 108 patients, 38
treated with Embosphere and 70 treated with Embozene. The
mean age of all patients was 67.07 years (SD, 9.86). The majo-
rity of patients were male (63%), and 90.7% were infected
with hepatitis B virus, hepatitis C virus, or both. Tumor and
liver function assessment classified 91.7% of the patients as
stage A according to Child-Pugh score and 95.4% as stage B

Change of total size of target lesions (%)a) Tumor response (CR+PR)b)

! (95% CI) p-value OR (95%CI) p-value
Embolic agent

Embosphere Reference 1
Embozene !14.05 (!27.84 to !0.25) 0.046c) 1.21 (0.52 to 2.82) 0.653

Age (yr) 0.08 (!0.61 to 0.76) 0.827 0.99 (0.95 to 1.03) 0.666
Sex

Female Reference 1
Male 5.75 (!8.11 to 19.61) 0.413 0.49 (0.20 to 1.22) 0.127

Chemical agent
TAE Reference 1
TACE 6.40 (!20.84 to 33.65) 0.642 0.34 (0.04 to 2.97) 0.332

TACE with Lipiodol+Doxorubicin 2.48 (0.003 to 4.95) 0.050c) 0.45 (0.05 to 4.19) 0.483
HBV/HCV

None Reference 1
HBV 3.81 (!20.44 to 28.07) 0.723 0.48 (0.09 to 2.54) 0.392
HCV !4.39 (!28.87 to 20.09) 0.756 0.55 (0.10 to 2.95) 0.488
HBV+HCV !5.24 (!51.33 to 40.85) 0.822 0.50 (0.03 to 8.71) 0.634

Child-Pugh score
A Reference 1
B !8.2 (!32.44 to 16.04) 0.504 0.91 (0.21 to 3.88) 0.901

No. of target lesions 2.89 (!2.3 to 8.09) 0.272 0.87 (0.64 to 1.19) 0.399
Pre-treatment total size of target lesions (mm) 0.098 (!0.096 to 0.292) 0.318 1.00 (0.99 to 1.01) 0.827
Change in total size of target tumors (%) n/a - 0.91 (0.88 to 0.95) < 0.001c)

CR, completed response; PR, partial response; CI, confidence interval; OR, odds ratio; TAE, transarterial embolization; TACE,
transarterial chemoembolization; HBV, hepatitis B virus; HCV, hepatitis C virus; n/a, not assessed. a)Determined by uni-
variate linear regression analysis, b)Determined by logistic regression analysis, c)Significant difference.

Table 4. Change in total size of target lesions and tumor response (CR+PR) according to treatment and patient characteris-
tics
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according to Barcelona Clinic Liver Cancer classification
(Table 1).

Laboratory results show that the glutamate oxaloacetate
transaminase (GOT) ratio was higher in the Embozene group
than in the Embosphere group (mean, 194.5 vs. 147.5; p=0.032).
The postoperative bilirubin level was higher in the Embo-
zene group than in the Embosphere group (mean, 1.11 mg/
dL vs. 0.73 mg/dL; p=0.016) (Table 2). On average, the 
duration of hospital stay for all patients after treatment was
3.86 days (range, 2 to 24 days). A TACE chemical agent was
administered to all patients in the Embosphere group and
90% of those in the Embozene group (Table 3).

Before treatment, the average number of target lesions was
higher in the Embosphere group than in the Embozene
group (2.87±1.19 vs. 1.97±1.24, p < 0.001), and the total target
tumor size was larger in the Embosphere group (56.37±25.91
mm vs. 43.44±37.89 mm, p=0.001). After treatment, the total
target tumor decreased in both groups, with the percentage
change greater in the Embosphere group than in the Embo-
zene group (55.86±25.55% vs. 41.81±38.51%, p=0.027). Two
months after treatment, the tumor response differed signifi-
cantly between the groups (p=0.002), while the CR+PR res-
ponse rate did not differ significantly between the groups
(65.8% vs. 70%, p=0.653) (data not shown). Four patients
(3.7%) had major complications, and 20 patients (18.5%) had
minor complications after treatment. The occurrence rate of
minor complications was higher in the Embosphere group than
in the Embozene group (28.9% vs. 12.9%, p=0.040) (Table 3).

Univariate analysis results show that patients treated with
Embozene experienced a greater percentage change in total
tumor size (!=!4.05, p=0.046) than did those treated with
Embosphere. A marginal association was found between the
percentage change in total tumor size and lipiodol+doxoru-
bicin combination treatment (p=0.050) (Table 4). Multivariate
analysis showed no significant associations with lipiodol+
doxorubicin treatment (data not shown). Regarding tumor
response, the only significant association of CR+PR was with
the percentage change in total size of target lesions, by univa-
riate logistic regression analysis (OR, 0.91; p < 0.001) (Table 4).

Discussion

This study compares the efficacy of the embolic agents 
Embozene and Embosphere for use with TACE in HCC pati-
ents. We observed that while postoperative GOT and biliru-
bin were higher among patients treated with Embozene, the
decrease in the number and size of liver tumors relative to
baseline was greater in these patients than in those treated
with Embosphere. Furthermore, these greater effects on 

tumors were achieved using lower doses of the anticancer
drug doxorubicin than in treatment with Embozene. The 
occurrence rate of minor complications was higher among
patients treated with Embosphere than with Embozene.
These results suggest that Embozene is more efficacious than
Embosphere for HCC treatment using TACE/lipiodol–dox-
orubicin.

The greater tumor effects of Embozene are consistent with
the known characteristics of this product. A previous study
in sheep reports that the particle size is more precisely cali-
brated in Embozene than in Embosphere, allowing it to pen-
etrate further into distal vessels [9]. Tight calibration of parti-
cles within a small range of diameters is important to elimi-
nate larger particles that can occlude microvessels more
proximally, which prevents deeper penetration of smaller
particles during administration [10]. In addition, the defor-
mation of Embozene is greater than that of Embosphere and 
appears to determine the size (i.e., distality) of the vessel occ-
luded as opposed to the in vitro granulometric particle size [9].

We observed that the better outcome by Embozene was
achieved using lower doses of doxorubicin than that admin-
istered with Embosphere. This result might arise from the
deeper distal occlusion of vessels by Embozene, maximizing
the vascular shutdown of the tumor and achievement of an
anoxic environment. The vascular occlusion induced by
TACE increases the cytotoxic effect over that of doxorubicin
alone [11]; thus, maximization of vascular occlusion may 
result in greater cytotoxicity at lower drug doses. This factor
may be of importance to patients experiencing adverse reac-
tions to doxorubicin, which is reported to cause occasional
acute dyspnea associated with transient neutropenia during
systemic infusion [12]. The use of Embozene may allow for
suitable tumor effects with less drug administered.

This study has several limitations. First, the retrospective
design of the study makes it subject to bias and confounding
and precludes the determination of cause and effect. Second,
this study only investigates medium- to large-sized particles.
We also lack the small particle granulometry to strengthen
our theory. Third, TACE with Embosphere is in the early
stages of development, so the proficiency of this technique
should be considered in viewing these results. The small
sample size also is a limitation of this study.

The use of Embozene as the embolic agent in TACE pro-
vides a better target tumor response at lower doses of chemo-
medication, possibly because of its more precisely-sized
microspheres. Future studies addressing granulometry in 
relation to tumor response may provide more solid evidence
to support this conclusion.
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