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Background: The objective of this study was to investigate the plasma pharmacokinetic

profiles, intratumoral concentration and tissue distribution of arsenic trioxide (ATO) by drug-

eluting beads (DEB)-transcatheter arterial chemoembolization (TACE) compared with con-

ventional TACE (cTACE) in a rabbit liver tumor model.

Methods: Sixty-four rabbits with VX2 liver tumor were established and randomly assigned

to four groups equally. The calliSpheres microspheres (CSM)-ATO group received DEB-

TACE treatment using ATO-loaded CSM; the cTACE-ATO group received cTACE treatment

using ATO mixed with lipiodol; the CSM-normal control (NC) group received DEB-TACE

treatment using blank CSM; the TAE-lipiodol group received cTACE treatment using saline

mixed with lipiodol. ATO concentration in plasma, tumor and normal tissues, and liver and

kidney function indexes were evaluated.

Results: The CSM-ATO group exhibited lower plasma ATO concentrations at 10 minutes and 20

minutes post treatment compared with the cTACE-ATO group. Meanwhile, intratumoral ATO

concentrations were higher in the CSM-ATO group compared with the cTACE-ATO group at 3-,

7- and 14-days post treatment. In normal liver tissue, heart andmuscle tissues, ATO concentrations

between the CSM-ATO and cTACE groups were similar at each time point; in kidney and lung

tissues, ATO concentrations were lower in the CSM-ATO group at 1-day post treatment while they

were similar at 3, 7 and 14 days post treatment. Also, liver or kidney function indexes were of no

difference at each time point between CSM-ATO and cTACE-ATO groups.

Conclusion: Administration of ATO via DEB-TACE decreases systemic concentration

while increasing intratumoral concentration of ATO without increasing liver or kidney

toxicity compared with cTACE.

Keywords: liver cancer, Arsenic trioxide, Transcatheter arterial chemoembolization, Drug-

eluting beads, pharmacokinetics

Introduction
Liver cancer is reported to be the sixth most prevalent cancer and the fourth leading

cause of cancer deaths all over the world, with approximately 841,000 new cases

and 782,000 deaths every year.1 Despite that there are a considerable number of

treatment strategies for liver cancer, the 5-year survival rate is still less than 20%,
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indicating a great challenge for liver cancer treatment.2,3

Arsenic trioxide (ATO), an inorganic compound which is

used as a traditional Chinese medicine, has been permitted

for acute promyelocytic leukemia treatment by the US

Food and Drug Administration since 2000.4 ATO is also

discovered to play anti-tumor effects in various solid

tumors including liver cancer.5–8 In a previous in vitro

study, the administration of ATO in liver cancer cells

(HepG2 cells) resulted in cell apoptosis via activation of

caspase-3 and phosphatidylserine externalization.9 In

another study, intraperitoneal administration of ATO in

HCC rats induced tumor necrosis through decreasing vas-

cular endothelial growth factor (VEGF) expression and

microvessel density (MVD) in tumor tissues.10 These stu-

dies indicate the clear anti-tumor activity of ATO and its

wide clinical application potential in liver cancer treat-

ment. However, systemic administration of ATO might

cause intolerant adverse events due to its hypertoxicity

(such as bleeding, liver function lesion and cardiovascular

diseases), and it could hardly achieve effective drug con-

centration in tumor tissues owing to the high serum protein

binding rate and rapid renal clearance, which impede its

clinical utility significantly.11–15

Transcatheter arterial chemoembolization (TACE),

a locoregional therapy which is able to pronouncedly

increase intratumoral drug concentration while decreasing

systemic drug concentration in liver cancer patients, might

help to maximize the anti-tumor efficacy of ATO while

minimizing its systemic adverse events.16,17 A few animal

studies have investigated the efficacy of conventional

TACE (cTACE) treatment using ATO iodized oil emulsion

in a rabbit VX2 liver tumor model, which reveal that

administration of ATO via cTACE greatly suppresses

liver tumor growth without causing severe liver or kidney

toxicity.18,19 However, these studies do not comprehen-

sively explore the pharmacokinetics or tissue distribution

of ATO during cTACE treatment, thus whether adminis-

tration of ATO via TACE is effective and safe in treating

liver cancer patients remains unclear. Drug-eluting beads

(DEB)-TACE is a novel TACE approach which utilizes

microspheres as both drug carrier and embolic agent.20

Accumulating evidences have revealed that DEB-TACE

exhibits more stable and sustained drug delivery compared

with cTACE, hence the administration of ATO via DEB-

TACE provides better pharmacokinetics of ATO compared

with cTACE, which might enhance treatment efficacy of

ATO while diminishing its systemic adverse events more

obviously.21–23 However, no relevant study is reported

until now. Therefore, we conducted the current study to

investigate the plasma pharmacokinetic profiles, intratu-

moral concentration and tissue distribution of ATO by

DEB-TACE treatment compared with cTACE in a rabbit

model with VX2 liver tumor.

Materials And Methods
Animals And Ethics
Adult Japanese white rabbits (weighting 2.8 kg~3.4 kg with-

out sex preference or pregnancy) used in the current study

were provided by Experimental Animal Center of Henan

Province. All the rabbits were bred in our Laboratory

Animal Center and had free access to standard pellet diets

and water during the experimental period. The study was

approved by the Animal Care and Use Committee of Henan

Province, and all related experiments were conducted in

accordance with the “Code for the Care and Use of

Animals for Scientific Purposes” statement and under the

principles of 3R (replacing, refining and reducing).

Tumor Implantation
To obtain solid liver tumor in experimental rabbits, active

VX2 tumors derived from the donor rabbits (donated by

Tongji Medical College Animal Experimental Center of

Huazhong University of Science and Technology) were

inoculated into the experimental rabbits according to pre-

vious methods.19,20,24,25 In brief, experimental rabbits

were anesthetized with intramuscular injections of sodium

pentobarbital (30 mg/kg) and immobilized on a surgical

table. Next, the abdomens were shaved, and livers were

exposed through a midline subxiphoid incision under asep-

tic conditions, then the minced active VX2 tumors were

implanted directly into the left lobe of the exposed livers.

After surgery, the experimental rabbits were monitored

and bred for 16 days before TACE treatment to make

sure the growth of the VX2 tumors, then contrast-

enhanced computed tomography (CT) was utilized to

obtain tumor location and size.

Randomization And Grouping
A total of 64 eligible rabbits were randomly assigned into

four groups (CSM-ATO group, cTACE-ATO, TAE-CSM

group and TAE-lipiodol group) using a simple randomiza-

tion method (Random Number Remainder Grouping

Method) with 16 rabbits in each group. Briefly, randomi-

zation was performed as follows: (1) numbering rabbits by

body weight from 1 to 64; (2) 64 random numbers were
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created by SAS 9.0 (SAS Institute, Inc., Cary, NC, USA);

(3) dividing the random number by the number of groups

(n=4) to get the remainders. If the random number was

divided by 4 with no remainder generated, the “4” was

used as remainder; (4) grouping by remainder; (5) if a total

of N cases need to be adjusted due to unbalanced group-

ing, N random numbers were generated by SAS again,

which then were divided by the “N”, and the obtained

remainder was considered as the serial number of the

selected animals. If the random number was divided by

N with no remainder generated, the “N” was used as

“remainder” to select animals for adjustment.

Treatment
All these 64 rabbits in 4 groups received treatment through

the TACE procedure, and the detailed treatment proce-

dures were as follows: (1) the CSM-ATO group received

hepatic intraarterial administration of ATO-loaded

CalliSpheres (CSM) (100–300 μm, Jiangsu Hengrui

Medicine Co. Ltd., Jiangsu, China) (0.5 mg/kg of ATO);

(2) the cTACE-ATO group received hepatic intraarterial

administration of a mixture of ATO and lipiodol

(LaboratoireGuerbet, Aulnay-Sous-Bois, France) (0.5 mg/

kg of ATO); (3) the TAE-CSM group received hepatic

intraarterial administration of blank CSM (100–300 μm,

Jiangsu Hengrui Medicine Co. Ltd., Jiangsu, China); (4)

the TAE-lipiodol group received hepatic intraarterial

administration of 10 mL saline mixed with lipiodol

(LaboratoireGuerbet, Aulnay-Sous-Bois, France).

CSM Preparation
CSM preparation was conducted in an aseptic environment.

The loading procedures were performed as follows: (1)

15 mg of ATO was firstly diluted with saline; (2) one vial

of CSM solution (containing 1 g CSM) was shaken up and

the supernatant was extracted then added to the ATO solu-

tion; (3) the mixture was shaken up for 30 mins at room

temperature and then nonionic isotonic contrast agent was

added, the mixture was then vibrated for further used.

TACE Procedure
Hepatic arteries in the CSM-ATO and TAE-CSM groups were

embolizedwith CSM, while the hepatic arteries in the cTACE-

ATO and TAE-lipiodol groups were embolized with lipiodol.

All rabbits were anesthetized using the aforementioned

method in tumor implantation, then the right femoral artery

was exposed, and a 4-F sheath (Terumo, Tokyo, Japan) was

placed into the artery; after that, a 4-F catheter (Terumo) was

inserted into the common hepatic artery to identify the hepatic

artery anatomy. A 2.7-F coaxial microcatheter (Terumo) was

then catheterized to the left hepatic artery, and the following

treatments were conducted respectively according to the

method previously described in grouping and treatment.

After the treatment, the sheath and the catheter were removed

from the artery and the wound was sewn up.

Measurement Of ATO Concentration In

Plasma
Blood samples (0.5 mL) from the CSM-ATO and cTACE-

ATO groups were collected at 10 minutes, 20 minutes, 40

minutes, 1 hour, 3 hours, 6 hours, 12 hours, 1 day and 3 days

post treatment via the ear vein, and then were added to

centrifuge tubes (containing 2 μL heparin) and centrifuged

for 10 minutes (3000 rpm/minute at 4°C), respectively. After

that, the upper layer (plasma) from each tube was obtained

and stored at −80°C until further analysis. 0.1 g of upper

layer was added to the flask containing 5 mL 67% HNO3,

then the mixture was sealed and vibrated overnight. After

that, 2 mL 30% H2O2 was added and incubated at 100°C for

3 hours and then cooled to room temperature. The solution

was added to the 10 mL volumetric flask and diluted with 2%

HNO3 to 10 mL.26 Subsequently, the solution was centri-

fuged at 3000 g for 5 minutes, then the upper layer (contain-

ing arsenic ion) was obtained to determine the ATO

concentration using the atomic fluorescence method. In addi-

tion, alanine transaminase (ALT), aspartate transaminase

(AST), blood urea nitrogen (BUN) and serum creatinine

(Scr) levels in plasma were also evaluated before treatment,

at 1-day, 3-days and 7-days post treatment.

Measurement Of ATO Concentration In

Tissues
Four rabbits in each groupwere humanely sacrificed at 1-day,

3-days, 7-days and 14-days post treatment, and active VX2

tumor tissue, normal liver tissue (taken from the right lobe of

the liver, farthest from the tumor), heart tissue, lung tissue

and kidney tissue were harvested and frozen at −80°C until

analysis. Then 0.5–1.0 g tissue samples were obtained and

the ATO concentration in each tissue sample was determined

according to the method described in the plasma ATO con-

centration measurement section.26

Statistical Analysis
Statistical analysis was performed using SPSS 19.0 software

(IBM Corporation, Armonk, NY, USA) and GraphPad Prism
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6.01 software (GraphPad Software Inc., San Diego, USA).

Data were expressed as mean ± standard deviation.

Comparison between two groups at the same time point

was determined by t-test. Comparison among 4 groups at

same time point and among different time points in the same

group was determined by One-way ANOVA, followed by

Tukey’s multiple comparisons test. P < 0.05 was considered

significant.

Results
Animal Model Construction And

Transarterial Embolization
All of the 64 rabbits were incubated with VX2 tumor

successfully at 16-days post implantation (Figure 1A and

B). Subsequently, the transarterial embolization procedure

in each group (the CSM-ATO, cTACE-ATO, TAE-CSM

and TAE-lipiodol groups) was performed, and the embo-

lization effect in the CSM-ATO group was utilized as an

example, and is displayed in Figure 1C–F as follows. After

transarterial embolization, the blood supply was blocked

completely without obvious reflux, indicating that transar-

terial embolization was successful (Figure 1C). At 7-days

post treatment, contrast-enhanced CT showed that the

tumor volume of rabbits was not increased (Figure 1D),

and then a tumor tissue sample was obtained and dissected

(Figure 1E), showing that the tumor was completely

necrotic (Figure 1F). These analyses indicated the good

treatment efficacy of CSM-ATO in VX2 tumor rabbits.

ATO Concentration In Plasma
Plasma ATO concentration reached a maximum at 10 minutes

post treatment, and then decreased over time both in the CSM-

ATO group and the cTACE-ATO group (Figure 2). At 10 min-

utes (31.46±8.12 ng/mL vs 136.43±26.12 ng/mL, P = 0.002)

and 20 minutes (19.34±7.61 ng/mL vs 77.60±16.35 ng/mL,

P = 0.006) post treatment, the CSM-ATO group had lower

plasma ATO concentration compared with the cTACE-ATO

group (Figure 2). The CSM-ATO group also had numerically

lower plasma ATO concentration compared to the cTACE-

ATO group at 40-minutes (P = 0.566), 1-hour (P = 0.256) and

3-hours (P = 0.604) post treatment although statistically insig-

nificant. At 6-hours-, 12-hours-, 24-hours and 72-hours post

treatment, plasma ATO concentration was similar between the

two groups (all P > 0.05). These data indicated that adminis-

tration of ATO via DEB-TACE exhibited lower and more

stable plasma ATO concentration compared with cTACE,

which might decrease the systemic adverse events of ATO.

ATO Concentration In Tumor
The CSM-ATO group had higher intratumoral ATO concen-

tration compared with the TAE-CSM group at each time point

post treatment, and the cTACE-ATO group had higher intra-

tumoral ATO concentration compared with the TAE-lipiodol

group at 1-day and 3-days post treatment (all P < 0.05,

Figure 3). Meanwhile, intratumoral ATO concentration was

lower at 1-day (0.2501±0.0279 μg/g vs 0.3486±0.0278 μg/g,
P < 0.001) post treatment but higher at 3-days (0.8075±0.1145

μg/g vs 0.1447±0.0163 μg/g, P < 0.001), 7-days (0.3383

±0.0731 μg/g vs 0.0583±0.0072 μg/g, P < 0.001) and 14-

days (0.1701±0.0993 μg/g vs 0.0363±0.0186 μg/g,
P = 0.010) post treatment in the CSM-ATO group compared

with the cTACE-ATO group. Notably, intratumoral ATO con-

centration in the CSM-ATO group still remained at a high

level at 14-days post treatment, whereas in cTACE-ATO

group, the concentration was decreased to baseline level at

7-days post treatment. These data suggested that administra-

tion of ATO via DEB-TACE achieved higher intratumoral

ATO concentration andmore sustained ATO release compared

to cTACE (Figure 3).

ATO Concentration In Normal Liver

Tissue
ATO concentration in normal liver tissue was higher at

1-day, 3-days or 7days post treatment (P < 0.05), while it

was similar at 14-days post treatment (all P > 0.05) in the

CSM-ATO group compared with the TAE-CSM group or

in the cTACE-ATO group compared with the TAE-lipiodol

group (Figure 4), suggesting that the potential liver injury

of ATO would be attenuated at 14-days post-DEB-TACE

and post-cTACE treatment. What’s more, there was no

difference of ATO concentration in normal liver tissue

between the CSM-ATO and cTACE-ATO groups at each

time point (all P > 0.05, Figure 4), implying that admin-

istration of ATO via DEB-TACE was similar to that of

cTACE regarding underlying liver toxicity.

ATO Concentration In Kidney, Lung,

Heart And Muscle Tissues
ATO concentration in the kidney (Figure 5A), lung

(Figure 5B), heart (Figure 5C) and muscle (Figure 5D) was

increased at 1-day or 3-days post treatment in the CSM-ATO

group compared with the TAE-CSM group, and increased in

the cTACE-ATO group compared to the TAE-lipiodol group

(P < 0.05). While at 7-days or 14-days post treatment, no

difference was observed between either of the two groups
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(P > 0.05). More importantly, ATO concentration in kidney

(P = 0.020) and lung (P = 0.010) was decreased in the CSM-

ATO group compared with the cTACE-ATO group at 1-day

post treatment, whereas at 3-days, 7-days or 14-days post

treatment, there was no difference in kidney or lung between

the CSM-ATO and cTACE-ATO groups (all P > 0.05)

(Figure 5A and B). No difference of ATO concentration in

heart or muscle was observed between the two groups at each

time point, either (all P>0.05) (Figure 5C and D), suggesting

that administration of ATO via DEB-TACE was equally safe

comparedwith cTACE in terms of potential kidney, lung, heart

and muscle toxicity.

Figure 1 Construction of animalmodel and transarterial embolization. All 64 rabbits were incubated with VX2 tumor successfully at 16 days post implantation (A,B). Transarterial
embolization in the CSM-ATO group was exemplified as follows: the blood supply was embolized completely after transarterial embolization (C); at 7-days post treatment, tumor

volume of rabbits was not increased (D), then the tumor tissue sample was obtained and dissected (E), showing that the tumor was necrotic throughout (F).
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Liver And Kidney Function Indexes
ALT (Figure 6A) and AST (Figure 6B) levels were increased

at 1-day, 3-days or 7-days post treatment in the CSM-ATO

group compared with the TAE-CSM group and in the

cTACE-ATO group compared with the TAE-lipiodol group

(P < 0.05), while they were similar between the CSM-ATO

and cTACE-ATO groups at each time point post treatment

(all P > 0.05), indicating that administration of ATO via

DEB-TACE did not deteriorate liver function. Meanwhile,

BUN (Figure 6C) and Scr (Figure 6D) levels remained

similar among the four groups at each time point (all

P > 0.05), implying that administration of ATO via DEB-

TACE did not deteriorate kidney function compared with

cTACE, either.

Discussion
ATO has been used as a palliative treatment for late-stage

liver cancer patients in China for its great anti-hepatoma

activity. It is reported that ATO is able to induce cell

apoptosis in a dose- and time-dependent manner and

bring in considerable reactive oxygen species (ROS),

while adding the antioxidant N-acetylcysteine could sup-

press ATO-induced cell apoptosis in HepG2 cells, indicat-

ing that ATO stimulating cell apoptosis might be through

producing ROS.27 ATO is also discovered to inhibit activ-

ity of DNA methyltransferase dose-dependently and then

promotes cell apoptosis in HepG2 and Huh-7 cells.28

Also, ATO enhances G2/M arrest in HepG2 and

SMMC7721 cells by up regulating the expression of

a tumor suppressor (phosphatase and tensin homologue

deleted on chromosome 10 (PTEN)) thereby inhibiting

cell proliferation.8 Another animal study found that ATO

decreases VEGF expression and MVD as well as cancer

cell proliferation while increases cancer cell apoptosis and

tumor necrosis in experimental liver cancer rats.10 Despite

the superb anti-hepatoma activity of ATO, its clinical

application is strictly restrained due to the hypertoxicity

Figure 2 Plasma ATO concentration. Plasma concentration of ATO was highest at

10-minutes post treatment then decreased over time both in the CSM-ATO and

cTACE-ATO groups. Meanwhile, plasma concentration of ATO in CSM-ATO group

was decreased at 10=minutes and 20-minutes post treatment compared with the

cTACE-ATO group. Comparison between two groups at the same time point was

determined by t test. P < 0.05 was considered significant. *P < 0.05.

Abbreviations: ATO, arsenic trioxide; CSM, CalliSpheres Microspheres; cTACE,

conventional transcatheter arterial chemoembolization.

Figure 3 Comparison of ATO concentration in tumor. At 1-day post treatment,

intratumoral ATO concentration in the CSM-ATO group was lower compared with

the cTACE-ATO group, whereas at 3-days, 7-days and 14-days post treatment,

intratumoral ATO concentration was higher in the CSM-ATO compared with the

cTACE-ATO group. Comparison among the four groups at the same time point and

among different time points in the same group was determined by One-way

ANOVA, followed by Tukey’s multiple comparisons test. P < 0.05 was considered

significant. *Comparison between the CSM-ATO and cTACE-ATO groups was sig-

nificant. #Comparison between the CSM-ATO and TAE-CSM groups was significant,

or comparison between the cTACE-ATO and TAE-lipiodol groups was significant.

Abbreviations: ATO, arsenic trioxide; CSM, CalliSpheres Microspheres; cTACE,

conventional transcatheter arterial chemoembolization; TAE, transcatheter arterial

embolization; NC, negative control.

Figure 4 Comparison of ATO concentration in normal liver tissue. ATO concen-

tration in normal liver tissue between the CSM-ATO and cTACE-ATO groups was

of no difference at each time point. Comparison among the four groups at the same

time point and among different time points in the same group was determined by

One-way ANOVA, followed by Tukey’s multiple comparisons test. P < 0.05 was

considered significant. #Comparison between the CSM-ATO and TAE-CSM

groups was significant, or comparison between the cTACE-ATO and TAE-lipiodol

groups was significant.

Abbreviations: ATO, arsenic trioxide; CSM, CalliSpheres Microspheres; cTACE,

conventional transcatheter arterial chemoembolization; TAE, transcatheter arterial

embolization; NC, negative control.
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and poor pharmacokinetic profile after systemic treatment

of ATO.29

TACE brings in a high intratumoral drug concentration

while a low systemic concentration in liver cancer patients,

which enhances treatment efficacy and alleviates adverse

events.16,17 Such good properties make it one of the first-line

treatments for unresectable liver cancer. Generally, the che-

motherapeutic drugs used for cTACE and DEB-TACE include

doxorubicin, cisplatin and so on, which have been demon-

strated to be successful in liver cancer treatment.30,31 Recently,

ATO has also been applied for cTACE treatment and is

observed to be effective in a rabbit model with VX2 liver

cancer by a few studies, suggesting the feasibility of ATO via

TACE in liver cancer treatment.18,19 However, there are two

problems remained unsolved: firstly, the pharmacokinetic pro-

file and tissue distribution of ATO after TACE treatment are

rarely known; secondly, whether administration of ATO via

DEB-TACE is superior to cTACE also remains unclear.

In the current study, we found that administration of ATO

via DEB-TACE produced lower and more stable plasma

ATO concentration compared with cTACE, indicating that

DEB-TACE might alleviate systemic adverse events of ATO

compared with cTACE. Our study was consistent with

a previous study. In that previous study, administration of

doxorubicin via DEB-TACE produces lower plasma drug

concentration at 6-hours post treatment compared with

cTACE.23 The possible reasons for our result might derive

from the better properties of DEB-TACE than that of

cTACE: on one hand, cTACE uses lipiodol as drug carrier,

which is not stable enough and will release ATO rapidly,

leading to a higher plasma concentration post treatment

compared with DEB-TACE. On the other hand, the lipiodol

might escape via arterial branches whereas CSM blocks the

tumor blood supply permanently.

According to a recent study, administration of doxorubicin

(4 mg) via DEB-TACE yields an intratumoral doxorubicin

concentration of 196.5±312.8 ng/mg at 1-day post treatment,

while administering the same dose of doxorubicin via cTACE

only yields a concentration of 61±4.9 ng/mg at the same time

in a rabbit model with VX2 liver cancer. Besides, intratumoral

Figure 5 Comparison of ATO concentrations in kidney, lung, heart and muscle. ATO concentration in kidney (A), lung (B), heart (C) and muscle (D) was at the highest level

at 1-day post treatment, then declined to baseline levels within 7-days post treatment both in the CSM-ATO and cTACE-ATO groups. ATO concentration of kidney and lung

in the CSM-ATO group was decreased compared with the cTACE-ATO group at 1-day post treatment, while at 3-days, 7-days or 14-days post treatment, no difference was

observed between the two groups; no difference of ATO concentration in heart or muscle was discovered between the two groups at the same time point either.

Comparison among the four groups at the same time point and among different time points in the same group was determined by One-way ANOVA, followed by Tukey’s

multiple comparisons test. P < 0.05 was considered significant. *Comparison between the CSM-ATO and cTACE-ATO groups was significant. #Comparison between the

CSM-ATO and TAE-CSM groups was significant, or comparison between the cTACE-ATO and TAE-lipiodol groups was significant.

Abbreviations: ATO, arsenic trioxide; CSM, CalliSpheres Microspheres; cTACE, conventional transcatheter arterial chemoembolization; TAE, transcatheter arterial

embolization; NC, negative control.
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concentration of doxorubicin remains at a high level (43.88

±23.2 ng/mg) at 14-days post DEB-TACE treatment, while it

is decreased to the negligible level from 7-days post cTACE

treatment.21 Similar results are observed in another animal

study that intratumoral concentration of doxorubicin (5 mg)

maintains at a high level (23.1 nM/g) at 7-days post DEB-

TACE treatment in a rabbit model with VX2 liver cancer.32 In

addition, a more recent study shows that doxorubicin (4 mg)

concentration remains at 28.09±5.10 μg/mL at 1-month post

DEB-TACE treatment in rabbit liver.23 These studies indicate

the higher drug intratumoral concentration andmore sustained

drug release of DEB-TACE compared with cTACE. In line

with these previous studies, we discovered that administration

of ATO via DEB-TACE exhibited higher intratumoral ATO

concentration at 3-, 7- and 14-days post treatment compared

with cTACE, and the concentration maintained at the high

level at 14-days post DEB-TACE treatment, suggesting that

administration of ATO via DEB-TACE produced higher intra-

tumoral ATO concentration and more long-lasting ATO

release than that of cTACE, which might bring in better

treatment efficacy. The possible reason for our results might

be due to that (1) ATO is tightly encapsulated in CSMwhereas

the lipiodol emulsion is not stable enough, thus CSM releases

ATO more stably and sustainably than that of lipiodol; (2)

CSM embolizes tumor blood supply permanently, whereas

lipiodol would escape from the hepatic artery over time.

Although a lot of studies have investigated the safety of

ATO in the animal model, the tissue distribution of ATO

post DEB-TACE treatment remains unilluminated. Besides,

liver and kidney function indexes of ATO post DEB-TACE

treatment also need to be further explored.13,18 To this end,

tissue distribution of ATO, liver function indexes and kid-

ney function indexes were evaluated in this study, which

revealed that administration of ATO via DEB-TACE exhib-

ited reduced ATO concentration at 1-day post treatment

while similar ATO concentration at 3-days, 7-days and 14-

days post treatment in kidney and lung tissues compared

with administration of ATO via cTACE. In addition, admin-

istration of ATO via DEB-TACE also had similar ATO

concentration in normal liver, heart and muscle tissues, as

well as similar ALT, AST, BUN and Scr levels compared

with cTACE. Our studies implied that administration of

Figure 6 Comparison of liver and kidney function indexes. ALT (A) and AST (B) levels were increased at 1-day post treatment and then decreased over time both in the

CSM-ATO and cTACE-CSM groups, and no difference of ALT or AST level between the two groups was observed at each time point. As for BUN (C) and Scr (D), they

remained at baseline levels in the CSM-ATO and cTACE-ATO groups post treatment and no difference was observed between the two groups either. Comparison among the

four groups at the same time point and among different time points in the same group was determined by One-way ANOVA, followed by Tukey’s multiple comparisons test.

P < 0.05 was considered significant. #Comparison between the CSM-ATO and TAE-CSM groups was significant, or comparison between the cTACE-ATO and TAE-lipiodol

groups was significant.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; BUN, blood urea nitrogen; Scr, serum creatinine; ATO, arsenic trioxide; CSM, CalliSpheres

Microspheres; cTACE, conventional transcatheter arterial chemoembolization; TAE, transcatheter arterial embolization; NC, negative control.
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ATO via DEB-TACE was as safe as cTACE. These data

were in consistent with a previous study that ALT and AST

levels were elevated at 1 day, but nearly decreased to

normal range at 7 days post DEB-TACE or cTACE treat-

ment, and no difference of ALT or AST level was observed

between the DEB-TACE and cTACE groups.20 The possi-

ble explanation for the results might be that: Since the

plasma ATO concentration in the CSM-ATO group is

lower at an early stage but is similar at a later stage com-

pared with cTACE-ATO, and ATO in normal tissues is

derived from blood circulation, thus ATO concentration in

kidney and lung tissues might also be lower at an early stage

(1-day post treatment) but similar at a later stage (3 days, 7

days and 14 days) compared to cTACE.

As far as we know, it was the first study to investigate

the pharmacokinetic profiles and tissue distribution of

ATO post-TACE treatments, which highlighted the advan-

tages of DEB-TACE over cTACE in ATO delivery, and

provided novel insights for future liver cancer treatment.

However, there were several limitations which should not

be ignored. To begin with, the size of CSM in this study

was 100–300 μm, while other sized CSM might exhibit

different pharmacokinetic profiles, which needed further

investigation. Also, an ATO dose of 0.5 mg/kg was applied

in the current study in order to minimize the potential

sufferings of rabbits, whereas it might not be the optimal

dose, thus further studies with dose gradient needed to be

conducted. Besides, there could be biological differences

between male and non-pregnant female rabbits that might

bring in confounding bias to the results. Finally, the

experiments lacked spatial analysis of ATO distribution

in the tumor, since ATO in tumor tissue might be unevenly

distributed.

In conclusion, administration of ATO via DEB-TACE

decreases systemic concentration but increases intratu-

moral concentration of ATO without increasing liver or

kidney toxicity compared with cTACE.
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