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Abstract. - OBJECTIVE: This study aimed to
build VX2 liver tumor model in rabbits and to
investigate the sequential transcatheter arterial
chemoembolization (TACE) and portal vein em-
bolizations (PVE) vs. TACE or PVE alone on rabbit
VX2 liver carcinoma and liver regeneration.

MATERIALS AND METHODS: VX2 liver tu-
mor models were built in the rabbit. Rabbits
carrying VX2 liver tumors were divided into four
groups, including TACE+PVE, TACE, PVE and
Sham groups respectively. Hematoxylin and
eosin (HE) staining was performed to visualize
the structures of tumor tissues. The volume
data of caudal liver on day 3 and day 7 was
measured by CT. Western blot analysis of ac-
tive caspase-3 was performed to examine cell
apoptosis. Inmunohistochemical (IHC) staining
of Ki-67 was performed to visualize hepatocyte
regeneration. Serum IL-6, TNF-alpha, HGF and
TGF-betal on 6™ h, 24" h, day 3 and day 7 were
measured by ELISA assay.

RESULTS: The TACE+PVE group had the stron-
gest suppressive effect on tumor growth and in-
duced the highest level of tumor cell apoptosis.
TACE+PVE can induce evident liver regeneration,
which is reflected by the largest caudal liver vol-
ume increase and the highest ratio of Ki-67 positive
cells. ELISA assay showed that during the first 7
days since day 0, TACE+PVE group had the highest
level of HGF, IL-6 and TNF-alpha.

CONCLUSIONS: TACE+PVE can significant-
ly inhibit VX2 tumor growth, induce tumor cell
apoptosis and liver regeneration, the effects of
which are stronger than TACE or PVE alone. In
the first 7 days since day 0, TACE+PVE group
had the highest level of IL-6, TNF-alpha and
HGF. This might be the reason why TACE+PVE
induced the strongest liver regeneration.
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Introduction

The liver is one of the most common sites
for malignant tumor metastasis'>. In China, the
occurrence rate of metastatic hepatic carcino-
ma (MHC) is similar to that of primary hepatic
carcinoma (PHC)*. The prognosis of the patients
with MHC is poor>®. Currently, surgical resection
is still the most effective strategy to improve the
survival of the patients’. However, a large pro-
portion of the patients suffered unresectable liver
metastases due to late diagnosis and small future
liver remnant (FLR)". Therefore, how to increase
FLR and to make the unresectable MHC resect-
able is one of the focuses of MHC therapy.

Sequential transcatheter arterial chemoembo-
lization (TACE) and portal venous embolizations
(PVE) in patients with hepatocellular carcino-
ma could significantly inhibit tumor growth and
promote the increase in the percentage of the
future liver remnant (FLR) volume, which were
beneficial for following tumor resection®. How-
ever, only limited reports compared the effect of
TACE+PVE vs. PVE alone on liver regeneration.
Two previous studies®® found that TACE+PVE
had a better effect on increasing FLR volume
than PVE alone. However, the underlying mecha-
nisms are still not quite clear.

After a liver injury such as resection, the
initiation and termination of liver regeneration
were regulated by multiple genes and signaling
pathways''2. A series of cytokines and growth
factors are involved in the regulation, such as
TGF-a, aEGF, HGF, TNF-a and I1L-6"*'. These
factors cooperate to activate hepatocellular cells
in GO phase and initiate mitosis of the cells. Af-
ter one or two cycles of replication, some other
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factors are involved in the termination of liver
regeneration, such as TGF-B1'*. However, how
TACE+PVE affects the expression of these im-
portant factors has not been reported yet.

This study aimed to build VX2 liver tumor
model in rabbits and to investigate the sequential
TACE and PVE vs. TACE or PVE alone on rabbit
VX2 liver carcinoma and liver regeneration.

Materials and Methods

Establishment of the VX2 Tumor Model

The protocol was approved by the Ethics
Committee of Nanfang Hospital, Southern Medi-
cal University. Adult New Zealand White rabbits
with weight around 2-2.5kg were purchased from
the Experimental Animal Center of Sichuan Uni-
versity. Tumor implantation was performed ac-
cording to the method introduced in one previous
study®. In brief, VX2 tumor cell suspension was
injected into thigh muscles of a carrier rabbit.
Three weeks later, the solid tumor was harvested
from the donor rabbit. Then, three tumor frag-
ments around 0.5 mm? were injected superficially
in the subcapsular area of the left medial liver
lobe using a 16-gauge angiocatheter. 18 days after
implantation, the tumor size was measured by
CT scan and the rabbits carrying tumors around
15-30 mm in diameter were used for following
experiments. The images of gross specimens of
the VX2 liver tumor were captured after euthani-
zation of the rabbits.

Experimental Design

Forty rabbits with VX2 tumors were divided
into four experimental groups, including TA-
CE+PVE, TACE, PVE and Sham groups respec-
tively (n=10 in each group). PVE was performed
with polyvinyl alcohol (PVA) particles 90-180
pm in combination with 300-500 pm particles
and three or four platinum coils. TACE was
performed by infusion of a suspension of 1 mg/
kg 10-hydroxycamptothecin and 0.4 ml iodized
oil into the left hepatic artery and subsequent
embolization was performed with PVA particles
150-250 um in diameter. In PVE and TACE
groups, PVE or TACE was performed on day 0.
In TACE+PVE groups, TACE was performed on
day 7, PVE was performed on day 0. The sham
group received sterile physiological saline as pla-
cebo embolization material. On day 3, 3 rabbits
in each group were sacrificed to examine cell
proliferation in the caudal liver by using immu-

nohistochemical (IHC) staining of Ki-67. On day
7, the rest rabbits were sacrificed after CT scan of
caudal liver volume.

Hematoxylin and Eosin (HE) Staining
of Liver Specimen

HE staining was performed to visualize the struc-
tures of the tumor and normal tissues. In brief, the
VX2 tumor and normal liver tissues after resection
were fixed in 15% formalin. Then the samples were
embedded in paraffin wax and were further sec-
tioned into 4 um slices. Then tissue silences were
stained with hematoxylin and eosin (HE).

IHC Staining of Ki-67

Tissues for IHC staining were prepared fol-
lowing the methods introduced in one previous
study's. The tissue sections were incubated with
primary antibody against Ki-67 (ab15580, 1:500,
Abcam, Cambridge, MA, USA) at 4°C in a hu-
midified chamber overnight. Then the slides were
incubated with biotinylated anti-rabbit secondary
antibody for 30 minutes and then washed with
PBS for 5 minutes. After that, the slides were in-
cubated with streptavidin-horseradish peroxidase
(HRP) solution for another 30 minutes. The HRP
activity was detected using DAB as substrate.
Counterstaining was performed using Harris he-
matoxylin. Negative controls were performed by
incubation in PBS without the presence of pri-
mary antibody. Then, the slides were examined
under a transmission light microscope.

Western Blot Analysis of Active
Caspase-3

On day 7, the tumor tissues were obtained
from the rabbit liver and the protein used for
Western blot analysis was prepared by using a
lysis buffer (Beyotime, Shanghai, China). 30 pg
of protein were loaded in each lane and separated
on 12% sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) gel. The proteins
after separation were transferred to nitrocellulose
membranes. The membranes were then blocked,
washed and then incubated with anti-active
caspase-3 (1:1000, ab2302, Abcam) or anti-GAP-
DH (1:1000, Abcam, ab181602) overnight at 4°C.
After washing, the membranes were incubated
with HRP conjugated secondary antibodies for
another 1 hour at room temperature. The pro-
tein band signals were visualized using the ECL
Western blotting substrate (Promega, Madison,
WI, USA) and the relative gray-scale value was
quantified using ImagelJ software.
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CT-scan

The volume data of caudal liver before the
intervention, on day 3 and on day 7 after the inter-
vention was obtained by using a multiphasic CT
scan with a 64-slice CT scanner (Brilliance 64;
Philips, Eindhoven, The Netherlands) according to
the methods described in one previous study'’. The
total liver and the caudal liver lobe were manually
delineated, and the total liver volume (TLV) and
caudal liver volume (CLV) were calculated. The
percentage of CLV and the degree of hypertrophy
were calculated by the following formula:

%CLV = (CLV /TLV

%re—intervemion pre-intervention pre-inter-

Vemion)xloo A)’
= (CLV /TLV

%CLV____ . _ . .
Vemion)xloo%zs)t;mterventlon post-intervention pre-inter-
Degree of hypertrophy = %CLV .
tion_%CLVpre—intervention.
ELISA Assay
Serum level of IL-6, HGF, TNF-a and TGF-$1
on the 6" h, 24" h, day 3 and day 7 were mea-
sured using ELISA assay with the Kits purchased
from Boster (Wuhan, China) according to manu-
facturer’s instruction.

Statistical Analysis

Data were reported as means =+ standard devi-
ation (SD). Comparison between groups was per-
formed using unpaired Student’s ¢-test in Graph-
pad Prism 5.0. p-value of <0.05 was considered as
statistically significant.

Results

Development of Rabbit VX2 Tumor Liver
Carcinoma Model

18 days after VX2 tumor tissue implantation,
the images of a gross specimen of VX2 liver
tumor were captured after euthanization of the

VX2 liver tumor model

rabbits with confirmed tumor formation accord-
ing to CT scan (Figure 1A). Compared with the
normal liver tissue, the gross specimen of VX2
tumor was hard and with a round and clear edge
(Figure 1A and B). HE staining showed that the
tumor tissues have abundant cellular compo-
nents, with little intercellular substance (Figure
1C). In addition, compared with the normal liver
cells, the cancerous cells are with an irregular
size and shape, had larger and prominent nucleus
and less cytoplasm which is pale or intensely col-
ored (Figure 1C and D).

The Therapeutic Effect of TACE+P
VE vs. TACE or PVE Alone on the
VX2 Liver Carcinoma

To assess the tumor suppressive effect of
TACE+PVE, TACE or PVE on the VX2 liver
carcinoma, four intervention groups were de-
signed (Figure 2A). The rabbits in TACE+PVE
group firstly had TACE and 7 days later had PVE
administration. The rabbits in TACE and PVE
groups firstly had a sham operation and then
received TACE or PVE operation 7 days later
(Figure 2A). On day 7, the rabbits were sacrificed.
By examining the tumor volume of the tumors,
we found that TACE+PVE showed the best in-
hibiting effect on VX2 tumor growth. The tumor
diameter in this group was 2.03£0.14 cm, which
was significantly smaller than that in TACE, PVE
and sham groups (2.49+£0.25 cm, 2.68+0.31 cm
and 3.324+0.42 cm, respectively) (Figure 2B). HE
staining showed that structural characteristics of
tumor tissues in TACE group were similar to that
of TACE+PVE groups. However, TACE group
had more centralized tumor necrosis area. Fibro-
sis was quite evident in PVE groups, with necro-
sis tissues around (Figure 2C). By performing
Western blot of active caspase-3, we confirmed
that TACE+PVE group had the highest rate of
apoptosis. The expression of active caspase-3 in
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Figure 1. Development of rabbit VX2 tumor liver carcinoma model. A and B. The Gross specimen (A) and cross section (B) of
rabbit VX2 liver tumor. C and D. HE staining of section of VX2 liver tumor (C) and normal rabbit liver section (D).
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Figure 2. The therapeutic effect of TACE+PVE vs. TACE or PVE alone on the VX2 liver carcinoma. A, The experimental de-
sign of four intervention groups. In PVE and TACE groups, Sham operation was performed from day -7 to day 0. PVE or TACE
was performed on day 0. In TACE+PVE groups, TACE was performed on day -7, PVE was performed on day 0. The sham group
received sterile physiological saline as placebo embolization material. B, The average tumor diameter in the four groups on day
7. C, HE staining of tumor sections in the four groups on day 7. D, Western blot analysis (up: band images; down: quantitation
data) of active caspase-3 expression in the tumor tissues in the four groups on day 7. **p<0.01

the TACE+PVE group was about 1.5 times higher
than in the TACE group and 4 times higher than
in PVE groups (Figure 2D).

The effect of TACE+PVE vs. TACE or PVE
alone on liver regeneration

Then, we examined how these interventions
affected liver hypertrophy. After the interven-
tions, the caudal liver in TACE+PVE, TACE and
PVE groups all had hypertrophy to some extent
(Table T). The TACE+PVE groups had the highest
level of liver hypertrophy, with 7% and 14.3% in-

Table I. CT volumetry data.

crease on day 3 and day 7 respectively (Table I).
The hypertrophy degree in TACE group were 2%
and 5.1% and in PVE group were 5% and 12.4%
(Table I). By performing IHC staining of Ki-67,
we observed that the increase of Ki-67 positive
cells was quite significant in both TACE+PVE
and PVE groups on day 3 and on day 7 (Figure
3A and B). TACE+PVE group had a signifi-
cantly higher proportion of Ki-67 positive cells
than PVE group (Day 3: TACE+PVE vs. PVE:
64%=7% vs. 42%=+4%; day 7. TACE+PVE vs.
PVE: 53%+6% vs. 29%=6%) (Figure 3A and B).

Group Index Time points
Before Interventions Day 3 Day 7
Sham CLV, cm3 182+1.2 176 +£0.9 172+ 1.1
CLV% 251+1.3 236+ 1.5 234+ 1.7
Hypertrophy level - -1% -1.0%
TACE+PVE CLV, cm3 17.1+1.7 243+29 314+3.6
CLV% 244+£23 29.8+2.2 40.3+2.2
Hypertrophy level - 7% 14.3%
TACE CLV, cm3 176 +2.8 194+24 227+21
CLV% 249+2.5 26.3+2.7 29.6 £2.6
Hypertrophy level - 2% 5.1%
PVE CLV, cm3 179+ 1.8 229+13 303+2.6
CLV% 24.8+2.1 29.8 £2.7 399+38
Hypertrophy level - 5% 12.4%

Abbreviation: CLV, caudal liver volume; TACE: transcatheter arterial chemoembolization; PVE, portal vein embolization;
N/A, not applicable.
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Figure 3. The effect of TACE+PVE vs. TACE or PVE alone on liver hypertrophy. A, Representative images of IHC staining of
Ki-67 in caudal liver section of each groups on day 3 and on day 7. B, Quantitation of the ratio of Ki-67 positive cells showed

in figure A.

The effect of TACE+PVE vs. TACE or PVE
alone on the expression of liver
regeneration related factors

To further explore why TACE+PVE is asso-
ciated with higher level of liver hypertrophy, we
measured serum IL-6, TNF-a, HGF and TGF-p1
on the 6™ h, 24" h, day 3 and day 7 by ELISA
assay. The results showed that both TACE+PVE
and PVE groups had significantly increased HGF,
IL-6 and TNF-a after the intervention.

At the 6™ h, serum IL-6 in the TACE+PVE
group was 6085+28 pg/ml, in PVE group was
615+22 pg/ml (Figure 4A). Then, they substan-
tially increased to 1538+113 pg/ml and 1338+101
pg/ml, respectively at the 24™ h (p<0.01). TACE
group only had minor increase. Serum IL-6 in
TACE+PVE and PVE groups showed a signifi-
cant decrease from the 24" h to day 7 (Figure 4A).
Both TACE+PVE and PVE groups had TNF-a
peak at the 24" h (6™ h, TACE+PVE group:
685+28 pg/ml; PVE group: 615+22 pg/ml; 24" h:
TACE+PVE group: 1538+113 pg/ml; PVE group:
1338+101 pg/ml) (Figure 4B).
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TACE and PVE group had HGF peak at the
24" h (Figure 4C). HGF level in the TACE+PVE
group increased from 392 pg/ml from the 6™ h to
633 pg/ml at the 24" h. PVE group showed a simi-
lar trend. But the peak HGF level at the 24" h was
about 583+24 pg/ml, which was significantly low-
er than that in the TACE+PVE group (p<0.01). On
day 7, both TACE+PVE and PVE groups showed
declined HGF level, which were 405+19 pg/ml and
378427 pg/ml, respectively (Figure 4C).

TGF-B1 increased gradually after the inter-
vention in TACE+PVE and PVE groups and
reached the peak on day 7. However, the dif-
ference of TGF-f1 between the two groups was
not significant. The increase was not evident in
TACE and Sham group (Figure 4D).

Discussion
PVE can redirect portal vein flow toward

specific hepatic segments and is a method cur-
rently used for FLR increase before surgical
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Figure 4 . The effect of TACE+PVE vs. TACE or PVE alone on the expression of liver regeneration related factors. A-D. The
serum level of IL-6 (A), TNF-a (B), HGF (C) and TGF-B1 (D) in the four groups on the 6th h, 24th h, day 3 and day 7.

resection'®”®, However, multiple studies found
that PVE might be associated with higher disease
recurrence and tumor growth acceleration in both
embolized and non-embolized liver lobes*-.
The possible accelerated tumor growth and pro-
gression after PVE are one of the major obstacles
for successful therapy. Therefore, how to limit
tumor progression post-PVE is one of the current
research focuses.

Several studies? evaluated the safety and
efficacy of sequential TACE and PVE before ma-
jor hepatectomy for patients with hepatocellular
carcinoma (HCC). The results showed that the
FLR after sequential TACE and PVE increased
from 32.3-71.4% (mean 55.4%). In addition, no
patients had intro- or extrahepatic metastasis®.
Another work in Korea compared the prognostic
impact of preoperative sequential TACE and PVE
or PVE alone in patients received right liver re-
section for solitary HCC. The results showed that
the 1-, 3-, 5-, and 10-year overall survival rates in
the TACE+PVE group were 96.3%, 83.4%, 83.4%
and 47.6%, respectively and in PVE alone group
were 84.6%, 76.9%, 57.7% and 19.2%, respective-
ly*’. One recent retrospective research based on
116 Chinese patients with primary HCC showed
that the 1-, 3- and 5-year overall survival rates for
the TACE and TACE + PVE groups were 39/64,
16/64, 0/64 and 42/52, 19/52, 6/52 respectively (p
= 0.015, 0.046 and 0.002, respectively)®®. These

studies suggest that TACE+PVE might be an
effective strategy to improve patients’ survival.
However, the effect of TACE+PVE on MHC
is still not quite clear. In this study, we firstly
assessed the therapeutic effect of TACE+PVE,
TACE or PVE alone on rabbit VX2 liver carcino-
ma. The results showed that TACE+PVE had the
strongest suppressive effect on tumor growth and
induced the highest level of tumor cell apoptosis.

In addition, in this work, we also observed
that TACE+PVE can induce evident liver regen-
eration, the effect of which was stronger than
PVE alone. This triggered our interest to explore
further the underlying possible mechanisms. Liv-
er regeneration can be divided into three stages,
including priming, proliferation and growth ter-
mination®. In the priming phase, IL-6 and TNF-a
are the two major signal modulators and their sig-
naling duration is very tightly controlled”. The
hepatocytes stimulated by these cytokines then
become responsive to growth factors and then
enter the second proliferation phase. Multiple
growth factors are involved in this stage such
as HGF, EGF receptor ligands such as EGF and
TGF-0*. Among the growth factors, HGF is the
strongest mitogen, which induces cell prolifera-
tion*’. The metabolic demand increase in the FLR
may trigger the signaling related to termination
onset”. The proliferation inhibiting factors such
as TGF-P1, 2, and 3, activins, and inhibins, are all
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involved in the termination phase of liver regen-
eration®*, Therefore, in this study, we measured
the change of serum IL-6, TNF-a, HGF and
TGF-1, the four key players in the three phases
respectively on the 6™ h, 24" h, day 3 and day 7
by ELISA assay. The results showed that during
the first 7 days since day 0, TACE+PVE group
had the highest level of HGF, IL-6 and TNF-q.
This might be the reason why TACE+PVE in-
duced the strongest liver regeneration.

Conclusions

TACEAPVE can significantly inhibit VX2 tu-
mor growth, induce tumor cell apoptosis and liver
regeneration, the effects of which are stronger
than TACE or PVE alone. In the first 7 days since
day 0, TACE+PVE group had the highest level of
IL-6, TNF-a and HGF. This might be the reason
why TACE+PVE induced the strongest liver re-
generation.

Conflict of Interests
The Authors declare that they have no conflict of interests.

References

1) ScHADDE E, ScHNiTzBauer AA, TscHuor C, RapTis DA,
BecHsTeIN WO, Cravien PA. Systematic review and
meta-analysis of feasibility, safety, and efficacy of
a novel procedure: associating liver partition and
portal vein ligation for staged hepatectomy. Ann
Surg Oncol 2015; 22: 3109-3120.

2) YN Z, Huang X, MA T, JN H, LN Y, Yu M, JaN
Z. Postoperative complications affect long-term
survival outcomes following hepatic resection for
colorectal liver metastasis. World J Surg 2015;
39: 1818-1827.

3) Lu XH, Mao GX, ZHANG YY, CHu YS, YuaN HX, ZHu
XQ. Association between variants of IL-8 and IL-
10 genes, and efficacy of transcatheter arterial
chemoembolization and subsequent prognosis in
patients with liver cancer. Eur Rev Med Pharma-
col Sci 2015; 19: 3218-3223.

4) WanG S, SHeN ZL. [Considerations on the therapy
of colorectal cancer liver metastasis in China].
Zhonghua Wei Chang Wai Ke Za Zhi 2012; 15:
993-996.

5) He YF, Li YH, ZHanG DS, XianG XJ, Xu RH, Pan ZZ,
ZHou ZW/, Jiang WQ, He YJ, Wan DS. [Prognostic
analysis of 220 colorectal cancer patients with
synchronous liver metastases]. Ai Zheng 2006;
25: 1153-1157.

3192

6) Kuo IM, Huang SF, CHiang JM, Yen CY, CHaN KM,
CHen JS, Yu MC. Clinical features and prognosis in
hepatectomy for colorectal cancer with centrally
located liver metastasis. World J Surg Oncol
2015; 13: 92.

7) SHinDoH J, Tzeng CW, ALoia TA, Curtey SA, HuANG

SY, ManvasH A, GuPTA S, WALLACE MJ, VAuTHEY JN.

Safety and efficacy of portal vein embolization

before planned major or extended hepatectomy:

an institutional experience of 358 patients. J Gas-

trointest Surg 2014; 18: 45-51.

IMAMURA H, SevamA Y, MakuucHi M, Kokubo N. Se-

quential transcatheter arterial chemoemboliza-

tion and portal vein embolization for hepatocellu-
lar carcinoma: the university of Tokyo experience.

Semin Intervent Radiol 2008; 25: 146-154.

OGATA S, BEeLGHITI J, FArRGEs O, VARMA D, SIBERT A,

ViLGrain V. Sequential arterial and portal vein em-

bolizations before right hepatectomy in patients

with cirrhosis and hepatocellular carcinoma. Br J

Surg 2006; 93: 1091-1098.

10) Yoo H, Kim JH, Ko GY, Kim KW, Gwon DI, Lee
SG, Hwang S. Sequential transcatheter arterial
chemoembolization and portal vein embolization
versus portal vein embolization only before major
hepatectomy for patients with hepatocellular car-
cinoma. Ann Surg Oncol 2011; 18: 1251-1257.

11) Masson S, Scotte M, Francois A, Coerrier M, Provor
F, Hiron M, TeNiere P, FaLu J, SAuer JP, Daveau M.
Changes in growth factor and cytokine mRNA
levels after hepatectomy in rat with CCI(4)-induced
cirrhosis. Am J Physiol 1999; 277: G838-846.

12) Fausto N, Cawmpselt JS, RieHie KJ. Liver regenera-
tion. J Hepatol 2012; 57: 692-694.

13) Su Al, GuipotTi LG, Pezacki JP, CHisArl FV, ScHultz PG.
Gene expression during the priming phase of liver
regeneration after partial hepatectomy in mice. Proc
Natl Acad Sci U S A 2002; 99: 11181-11186.

14) Fausto N. Liver regeneration. J Hepatol 2000; 32:
19-31.

15) WaranaBe D, Ueo H, INoue H, Matsuoka H, Honba
M, SHiNomIYA Y, Takamatsu T, AkiyosHi T. Antitumor
effects of intraarterial infusion of tumor necrosis
factor/lipiodol emulsion on hepatic tumor in rab-
bits. Oncology 1995; 52: 76-81.

16) Xiong W, ZHanG L, XionG Y, Liu H, Liu Y. Hypoxia
Promotes Invasion of Endometrial Stromal Cells
via Hypoxia-Inducible Factor 1alpha Upregula-
tion-Mediated beta-Catenin Activation in Endo-
metriosis. Reprod Sci 2016; 23: 531-541.

17) VAN Den EsscHerT JW, VAN LiENDEN KP, ALtes LK, VAN
Wuk AC, Hecer M, Roelors JJ, Van Guuk TM. Liver
regeneration after portal vein embolization using
absorbable and permanent embolization materials
in a rabbit model. Ann Surg 2012; 255: 311-318.

18) PamEecHA V, GLANTZOUNIS G, DAvies N, Fusal G, SHARMA
D, Davipson B. Long-term survival and disease re-
currence following portal vein embolisation prior
to major hepatectomy for colorectal metastases.
Ann Surg Oncol 2009; 16: 1202-1207.

19) RiBero D, Aspaia EK, Maporr DC, DonaApoN M,
Lover EM, VautHey JN. Portal vein embolization
before major hepatectomy and its effects on re-
generation, resectability and outcome. Br J Surg
2007; 94: 1386-1394.

8

-~

9

~



The effect of sequential transcatheter arterial chemoembolization

20)

21)

22

~

23)

24)

25)

26)

SIMONEAU E, AUIFFRY M, SALMAN A, ABUALHASSAN N,
CABReRA T, VALENTI D, EL BAAGE A, JAMAL M, KAVAN
P, A-ABeaD S, CHAUDHURY P, HASSANAIN M, METRAKOS
P. Portal vein embolization stimulates tumour
growth in patients with colorectal cancer liver
metastases. HPB (Oxford) 2012; 14: 461-468.
Kokupo N, Tapa K, Seki M, OHTtA H, Azekura K, Ue-
No M, OHTA K, YAMAGUCHI T, MATSUBARA T, TAKAHASHI
T, Nakasma T, Muto T, Ikarl T, YANAGISAWA A, KaTO
Y. Proliferative activity of intrahepatic colorec-
tal metastases after preoperative hemihepatic
portal vein embolization. Hepatology 2001; 34:
267-272.

MueLter L, Hittert C, MoLLer L, Krupski-BERDIEN
G, Rogciers X, Broering DC. Major hepatectomy
for colorectal metastases: is preoperative portal
occlusion an oncological risk factor? Ann Surg
Oncol 2008; 15: 1908-1917.

Hu MD, JAa LH, Lu HB, Znang KH, Guo GH.
Sorafenib in combination with transarterial
chemoembolization for hepatocellular carcinoma:
a meta-analysis. Eur Rev Med Pharmacol Sci
2016; 20: 64-74.

Zou Y, Guo CG, ZHAanGg MM. Inhibition of human
hepatocellular carcinoma tumor angiogenesis by
siRNA silencing of VEGF via hepatic artery per-
fusion. Eur Rev Med Pharmacol Sci 2015; 19:
4751-4761.

Tu JF, Xu HH, Ying XH, WaNG YH, ZuanGg DK, Tu
CY, Ji JS. Comparative study of several microin-
vasive treatments for large hepatocellular car-
cinoma. Eur Rev Med Pharmacol Sci 2015; 19:
45-53.

Xu C, Lv PH, Huang XE, WANG SX, SuN L, WANG FA,
WanG LF. Safety and efficacy of sequential tran-
scatheter arterial chemoembolization and portal

27

28

29

30

)

)

~

~

31)

32

33

)

~

vein embolization prior to major hepatectomy
for patients with HCC. Asian Pac J Cancer Prev
2014; 15: 703-706.

CHol JH, HwanG S, Lee YJ, Kim KH, Ko GY, Gwon
DI, Ann CS, Moon DB, HA TY, Song GW, Jung DH,
Lee SG. Prognostic effect of preoperative sequen-
tial transcatheter arterial chemoembolization and
portal vein embolization for right hepatectomy in
patients with solitary hepatocellular carcinoma.
Korean J Hepatobiliary Pancreat Surg 2015; 19:
59-65.

Tan X, Xie P, Liu J, Wu H, Xie Y. Therapeutic value
of transcatheter arterial chemoembolization com-
bined with portal vein embolization for primary
hepatocellular carcinoma with portal vein tumor
thrombus: a pilot study. Asia Pac J Clin Oncol
2015; 11: e6-e12.

CHristorHl C, Harun N, Firis T. Liver regeneration
and tumor stimulation--a review of cytokine and
angiogenic factors. J Gastrointest Surg 2008; 12:
966-980.

FusivosHi M, Ozaki M. Molecular mechanisms of
liver regeneration and protection for treatment of
liver dysfunction and diseases. J Hepatobiliary
Pancreat Sci 2011; 18: 13-22.

Lasrecaue D. Liver regeneration: a picture emerg-
es from the puzzle. Am J Gastroenterol 1994; 89:
S86-96.

Kim TH, Mars WM, Storz DB, PeterseN BE, Mi-
cHALorouros GK. Extracellular matrix remodeling
at the early stages of liver regeneration in the rat.
Hepatology 1997; 26: 896-904.

YAasubAa H, MINE T, SHIBATA H, ET0 Y, HASEGAWA Y,
TakeucH! T, Asano S, Kousiva I. Activin A: an auto-
crine inhibitor of initiation of DNA synthesis in rat
hepatocytes. J Clin Invest 1993; 92: 1491-1496.



