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Abstract

Currently, the main treatment for hepatocellular carci-
noma (HCC) involves the surgical removal of tumors or
liver transplantation. However, these treatments are of-
ten not completely curative, as they are associated with
a risk for postoperative recurrence and metastasis. Cir-
culating tumor cells (CTCs) are increasingly recognized
as the main source for recurrence and metastasis after
radical hepatectomies are performed. Many studies
have demonstrated the association between the pres-
ence of either pre- or postoperative CTCs and an in-
creased risk for HCC recurrence. To improve the thera-
peutic outcome of HCC, a personalized, comprehensive
and multidisciplinary approach should be considered,
involving the application of appropriate diagnostic and
therapeutic measures targeting HCC CTCs in different
stages throughout the course of treatment. This article
proposes some HCC CTC-based strategies for the treat-
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ment of HCC, including the monitoring of HCC CTCs
before, during and after radical hepatectomy, therapeu-
tic targeting of HCC CTCs, prevention of the generation
and colonization of CTCs, as well as the use of CTC
indexes for the selection of indications, prediction of
prognoses, and planning of individualized therapeutic
regimens. Innovation and technological development
of therapies targeting CTCs, as well as their translation
into clinical practice, will help to effectively reduce post-
operative recurrence and metastasis, and significantly
prolong the survival of HCC patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Circulating tumor cells (CTCs) can lead to re-
currence and metastasis after surgical treatment for
hepatocellular carcinoma (HCC). The development and
utilization of new methods or techniques to target these
cells will help reduce postoperative recurrence and me-
tastasis and prolong the survival of HCC patients. This
article proposes CTC-based strategies that provide a
more comprehensive and personalized approach for the
treatment of HCC. Treatment methods that incorporate
multiple aspects of identification, targeting and moni-
toring of these tumor cells may provide more efficient
and effective regimens for HCC patients undergoing
radical hepatectomies.
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INTRODUCTION

The current curative therapies for hepatocellular car-
cinoma (HCC) are limited to hepatectomy and liver
transplantation. However, postoperative recurrence and
metastasis are common complications“’zj, caused by an
extremely complex process that generally requires the
entry of circulating tumor cells (CTCs) from the primary
tumor into the peripheral blood”. Clinicians should
therefore be aware of this when treating patients with
HCC and collaborate with other researchers to develop
and employ novel therapeutic techniques that target
CTGCs to reduce the postoperative recurrence and metas-
tasis of HCC and prolong the survival of patients. This
review highlights possible strategies for the therapeutic
targeting of CTCs in multiple pre-, intra- and postopera-
tive contexts to prevent postoperative recurrence and
metastasis of HCC, and suggests future research direc-
tions in related fields.

METHODS FOR ENRICHMENT AND
DETECTION OF HCC CTCs

In the past decade, the development of new and robust
technologies for the enrichment and detection of CTCs
has been an area of active investigation with significant
progressﬁ’q. However, each method has its own advan-
tages and disadvantages, including limitations in the
isolation of CTCs undergoing epithelial-mesenchymal
transition or stem cell-like CTCs". At present, the main
markers used for CTC isolation are tumor-specific an-
tigens or epithelial cell surface antigens based on the
original cancer. Among them, the epithelial cell adhesion
molecule (EpCAM) is a typical marker which has been
used widely for CTC-capturing techniques[7’8j, although
the low expression of EpCAM in HCC cells makes this
method unsuitable for HCC CTC detection. To date, the
methodologies available for HCC CTC enrichment and
detection include density gradient centrifugation, RT-
PCR or real-time quantitative (q)RT—PCR[Q’lo], isolation

by size of epithelial tumor cells (ISET)U”, fluorescence-
13]

activated cell sortingm’
sortingmj. We recently developed and validated an asialo-
glycoprotein receptor-based magnetic cell separation
method combined with hepatocyte paraffin 1 staining
detection, which allows enumeration, immunomorpho-
logic identification, and genetic analysis of CTCs in
peripheral blood samples from HCC patients“ﬂ. How-
ever, in order for HCC CTC detection to translate to
the clinic, the creation of high throughput, reliable, and
cost effective platforms is needed. Whether through the
refinement of existing technologies or the innovation of
multiplexed approaches, these new approaches should
target novel biological or physical markers that specifi-
cally and selectively capture and detect all subsets of
HCC CTCs.

, and magnetic-activated cell
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CTCs AS INDICATORS FOR HCC
RECURRENCE AND METASTASIS

It was initially suspected that recurrence and metastasis
following the treatment of HCC was caused by incom-
plete surgical resection, and therefore expanded radi-
cal resections were employed. However, this approach
was generally unsuccessful, leading to new hypotheses
that either the intrahepatic dissemination of tumor cells
through the portal vein branches or de novo tumorigenesis
are the cause. Yet these hypotheses fail to explain why
eatly tumor recurrences commonly occur at the site of
transplanted allograft in cases of liver transplantation'',
suggesting that there is an alternative soutrce of tumori-

genic tissue.

A study by Vona ¢z al'"! in 2004 detected CTCs and
microemboli in 52% of blood samples from HCC cases
using the ISET method. Furthermore, a more recent
study from our lab using a novel cell separation method
to detect HCC CTCs showed that while CTCs were
detected in more than 80% of HCC patients, no CTCs
were detected in healthy persons or patients with benign
liver diseases or other types of late-stage tumors'”, Fan
et al'” detected CD45(-)CDI0(+)CD44(+) cells (termed
circulating cancer stem cells) in preoperative blood sam-
ples from 56 out of 82 HCC cases using flow cytometry
and found that levels greater than 0.01% could be used to
predict intrahepatic recurrence and extrahepatic metas-
tasis. Sun ef a/'” used the Cell Search System to test pre-
operative blood samples from 123 HCC patients and de-
tected = 1 EpCAM(+) CTC (termed circulating cancer
stem cells) in 66.7% of the samples, among which 41.5%
had = 2 EpCAM(+) CTCs, and therefore suggested that
preoperative detection of = 2 cells could be used as an
independent factor for predicting postoperative recut-
rence. A similar study by Schulze ¢z a/'” reported = 1
EpCAM(+) CTC in 30.5% of HCC patients and in 5.3%
of patients with cirrhosis, showing a strong correlation
between EpCAM(+) CTCs and survival. Furthermore,
Liu ¢ a/™ identified 30 out of 60 patients with > 0.157%
circulating CD45(-)ICAM-1(+) tumor cells (termed circu-
lating cancer stem cells) in their blood; and these patients
had significantly shorter disease-free and overall survival
periods. Taken together, these studies indicate that CT'Cs
contribute to HCC recurrence, and may therefore serve
as an important therapeutic target for the prevention and
treatment of HCC recurrence and metastasis following
curative resection.

CTCs AS AN INDICATION FOR CURATIVE
SURGERY IN HCC

No uniform screening criterion has been established for
surgical resection, aside from the contraindication of ex-
trahepatic metastasis. HCC patients are selected for liver
transplantation based on tumor size, nodule number, and

January 7, 2014 | Volume 20 | Issuel |



Zhang Y et a/. HCC CTCs as therapeutic targets

degree of vascular invasion. However, as none of these
criteria can accurately define the rational distribution of
the donor liver and predict the prognosis of the patient,
there is controversy over which of these are most ap-
propriate and feasible™. It is therefore necessary to go
beyond the clinicopathologic criteria for HCC and incor-
porate more objective and reliable laboratory indexes. As
potential “metastasis-initiating” cells, high preoperative
levels of HCC CTCs can predict a poor prognosis, and
may therefore prove to be a reasonable candidate index
for surgical indications. Thus, in order to evaluate the
true benefit of curative treatment, it is pivotal to rule out
the possibility for metastatic dissemination at the time of
diagnosis.

Cooperation among worldwide leaders in this field is
needed to confirm whether HCC CTCs can objectively
be used as an indicator or contraindicator for radical hep-
atectomy, as well as to obtain a consensus on assays and
result reporting, Research designs should include (but are
not limited to): the detection of pre- and postoperative
CTCs, follow-ups for postoperative recurrence, establish-
ment of the correlation between HCC CTCs and the
postoperative prognosis, formulation of new indication
criteria for radical hepatectomy and liver transplantation,
comparison with the other existing criteria, and clinical
evaluation of the use of HCC CTCs as a surgical indica-
tor and the ultimate therapeutic outcome.

REDUCTION OF BASAL CTC LEVELS
WITH PREOPERATIVE NEOADJUVANT
THERAPY

Early detection of metastatic spread provides an oppoz-
tunity for early perioperative or adjuvant administration
of therapeutic agents. However, effective preoperative
neoadjuvant therapy regimens for HCC are limited
due to the insensitivity of HCC cells to chemotherapy
agents™. Sorafenib (a small molecule inhibitor of sev-
eral tyrosine protein kinases) is currently approved to
treat advanced HCC and has provided promising re-
sults. Some clinical studies indicate that sorafenib can
downstage HCC when administered as a preoperative
neoadjuvant therapy, providing opportunities for cura-
3291 and is cost-effective for HCC patients
waiting for liver transplantation®. Nevertheless, there is
no data showing the effect of sorafenib on CTC levels.
As the risk of postoperative recurrence and metastasis
increases with the number of preoperative HCC CTCs,
the use of preoperative neoadjuvant therapy to eliminate
CTCs in patients would theoretically reduce the risk
of postoperative recurrence and metastasis. Therefore,
clinical studies evaluating the use of sorafenib and other
preoperative neoadjuvant therapies targeting HCC CTCs
and their effects on the risk of postoperative recurrence
and metastasis are needed.

tive resection
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CONTRIBUTION OF SURGICAL
TECHNIQUE TO THE INTRAOPERATIVE
RELEASE AND POSTOPERATIVE
INTRAHEPATIC COLONIZATION OF CTCs

Preventing postoperative recurrence and metastasis re-

quires eliminating iatrogenic tumor cell seeding during
the surgical operation, an important principle of surgi-
cal oncology. During the sutgical procedure, tumor cells
are more easily found in surrounding blood circulations,
especially in the venous blood from the tumor, which
can convert a preoperative absence into a postoperative
presence of CTCs. Impropet surgical manipulation and
squeezing or traction of the liver tumor may facilitate
tumor cell dissemination into the blood circulation. For
instance, the conventional posterior approach to hepatic
lobectomy requires moving the liver, likely resulting in
squeezing of the liver and tumor cell dissemination. In
contrast, the anterior approach to a right lobe hepatec-
tomy does not requite lifting and squeezing of the liver,
thus avoiding or reducing the release of CTCs. This free-
tumor technique was first devised by Lai e o/~ and later
modified by Belghiti es a/*”, resulting in development
of the liver hanging maneuver for hemihepatectomy.
Both retrospective and prospective studies have dem-
onstrated that this is a practical surgical modality for a
right hepatectomy and can effectively reduce postopera-
tive recurrence”. Likewise, the “no-touch” technique
should also be advocated for removal of the diseased
liver for liver transplantation. While it is neatly impossible
to completely avoid touching the liver during a partial
hepatectomy or liver transplantation, surgical oncologists
should aim to minimize touching, as improper surgical
procedures can cause hematogenous metastasis of tumor
cells and increase the risk of postoperative recurrence
and metastasis.

Ischemia/repetfusion (I/R) injury is frequently en-
countered during hepatic surgery. There is controversy
over whether I/R injury from hepatectomy adversely af-
fects long-term outcomes by accelerating the outgrowth
of residual hepatic micrometastases ot by facilitating post-
operative intrahepatic invasion and colonization of CTCs.
Surgical trauma can trigger the up-regulation of multiple
cytokines, thereby promoting intrahepatic invasion, migra-
tion and proliferation of CTCs and leading to the forma-
P In animal experiments,
hepatic I/R injury was shown to accelerate the outgrowth
of colorectal micrometastases through multiple mecha-
nisms” >, Clinical research data from 271 HCC patients
indicated that ischemic time can markedly affect recur-
rence after liver transplantation™. However, other re-
ported clinical data have indicated no effect of I/R injury
on the long-term outcome of liver resection for colorectal
metastases' | and have demonstrated no significant corre-
lation with the postoperative prognosis of HCC"*. Nev-

tion of a metastatic focus
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ertheless, intraoperative measures to reduce I/R injury of
the liver are generally beneficial to the patient.

POSTOPERATIVE ACCESSORY THERAPY
FOR ELIMINATION OF RESIDUAL CTCs

Although radical hepatectomy or liver transplantation
may not eliminate all preoperatively existing HCC CTCs,
the results of CTC dynamics studies in orthotopic tu-
mor models have indicated that the numbers of CTCs
and carly metastases decrease significantly after resec-
tion'”. However, surgical intervention should not be the
endpoint of HCC treatment, and therapeutic targeting
of HCC CTCs after surgery should be addressed. Post-
operative use of sorafenib was shown to suppress the
development of postsutgical intrahepatic recurrence and
abdominal metastasis, leading to prolonged postoperative
survival in an orthotopic mouse model™. Furthermore,
results from a pilot study suggested that adjuvant therapy
with sorafenib may help prevent early recurrence after
hepatic resection in HCC patients'™. In a rodent model
of HCC, adjuvant therapy with sorafenib was also shown
to be highly effective in inhibiting cancer recurrence and
metastasis after liver transplantation, without exerting
influence on the immune balance™. Moreover, a clini-
cal study indicated that sorafenib might reduce or delay
tumor recurrence after liver transplantation and prolong
patient survival’,

It is important to continue to conduct clinical studies
on the therapeutic targeting of HCC CTCs as a postoper-
ative accessory therapy, and to further explore the signifi-
cance of sorafenib as an adjuvant therapy for eliminating
CTCs and reducing the risk of postoperative recurrence
and metastasis. It is possible that many CTCs have been
in a non-dividing state for a relatively long period of time,
or may never divide, and are therefore insensitive to che-
motherapy or molecular targeted agents. Therefore, an
important direction for future research is to develop new
techniques for analyzing and identifying HCC CTCs as
well as new strategies to eliminate CT'Cs based on a more
complete understanding of their biological behaviors. As
CTCs are independent and non-dividing cells, antibody-
based immunotherapy targeting CTCs represents an ad-
ditional promising avenue for future research.

An additional challenge to the curative treatment of
HCC involves the postoperative use of anti-rejection
medications that compromise the immune system.
Some in vitro and in vivo studies have demonstrated that
immunosuppressive therapy can increase tumor cell
escape from immune recognition and enhance tumor
cell growth, invasion, and metastasis through various
mechanisms. As CTCs that are present before liver trans-
plantation are a source for re-formation of metastatic
clones, immunosuppressants should be carefully selected
to maintain the body’s immune surveillance of residual
CTCs. Recently, the mammalian target of rapamycin
inhibitor rapamycin has aroused researchers’ attention
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based on these dual functions'*”. Rapamycin directly in-
hibits tumor angiogenesis, proliferation, and growth by
blocking the intracellular signal transduction of vascular
endothelial growth factor. Toso ez al™ found that com-
pared with other immunosuppressants, rapamycin was
able to maintain the basic immunosuppressive state and
anti-tumor immune response of the body, and also elimi-
nate cancer cells in a targeted manner, thus reducing the
risk of recurrence after liver transplantation.

DYNAMIC POSTOPERATIVE
MONITORING OF CTCs AS A CRITERION
FOR PLANNING INDIVIDUALIZED
THERAPY FOR HCC

As CTCs can be released during surgical procedures, it is
important to accurately assess their levels after removal
of the tumor load. Changes in CTCs should be moni-
tored regularly in patients whose CTC levels suggest a
high risk of recurrence and metastasis. These patients
should be followed closely for early signs of recurrence
and metastasis to allow for early treatment intervention.
Ideally, therapeutic targeting of CTCs should occur in
advance to prevent recurrence and metastasis. Dynamic
monitoring of CTCs could also be used to assess thera-
peutic outcome in patients who accept chemotherapy
and/or radiotherapy. Additionally, HCC CTCs can be
used to identify the target of sorafenib before making a
decision about drug administration, as well as to moni-
tor the state of drug resistance during administration.
As a result, the therapeutic regimen could be selected or
adjusted based on the timely and repeated monitoring of
objective indexes related to CT'Cs in order to achieve ef-
fective, individualized treatment of HCC.

CONCLUSION

Surgery for liver cancer has been performed for more
than 100 years, which includes a 40-year history of
liver transplantation””, However, the outcome of radi-
cal treatment of HCC by surgical therapy alone has not
improved. Similar to CTCs from other types of tumors,
HCC CTCs are increasingly recognized as the main
source for recurrence and metastasis after radical hepa-
tectomy. We believe that the application of appropri-
ate diagnostic and therapeutic measures targeting HCC
CTCs in different stages over the course of treatment
may represent a breakthrough to improve the therapeutic
outcome of HCC. In this article, we have proposed some
HCC CTC-based strategies for the treatment of HCC
according to studies published in the recent literature.
These strategies will guide future research on HCC CTCs
in preclinical and clinical settings and may lead to devel-
opment of effective therapeutic approaches to prevent
metastatic relapse of HCC.

January 7, 2014 | Volume 20 | Issuel |



Zhang Y et a/. HCC CTCs as therapeutic targets

REFERENCES

1

10

11

12

13

14

Rahbari NN, Mehrabi A, Mollberg NM, Miiller SA, Koch
M, Biichler MW, Weitz ]. Hepatocellular carcinoma: cur-
rent management and perspectives for the future. Ann
Surg 2011; 253: 453-469 [PMID: 21263310 DOI: 10.1097/
SLA.0b013e31820d944f]

Fan ST, Mau Lo C, Poon RT, Yeung C, Leung Liu C, Yuen
WK, Ming Lam C, Ng KK, Ching Chan S. Continuous im-
provement of survival outcomes of resection of hepatocellular
carcinoma: a 20-year experience. Ann Surg 2011; 253: 745-758
[PMID: 21475015 DOI: 10.1097 /SLA.0b013e3182111195]
Zhang Y, Li ], Cao L, Xu W, Yin Z. Circulating tumor cells
in hepatocellular carcinoma: detection techniques, clinical
implications, and future perspectives. Semin Oncol 2012; 39:
449-460 [PMID: 22846862 DOI: 10.1053/j.seminoncol.2012.05
012]

Toso C, Mentha G, Majno P. Liver transplantation for he-
patocellular carcinoma: five steps to prevent recurrence.
Am ] Transplant 2011; 11: 2031-2035 [PMID: 21831154 DOI:
10.1111/j.1600-6143.2011.03689]

Parkinson DR, Dracopoli N, Petty BG, Compton C, Cristo-
fanilli M, Deisseroth A, Hayes DF, Kapke G, Kumar P, Lee
JSh, Liu MC, McCormack R, Mikulski S, Nagahara L, Pantel
K, Pearson-White S, Punnoose EA, Roadcap LT, Schade
AE, Scher HI, Sigman CC, Kelloff G]. Considerations in the
development of circulating tumor cell technology for clini-
cal use. | Transl Med 2012; 10: 138 [PMID: 22747748 DOI:
10.1186/1479-5876-10-138]

Chiappini F. Circulating tumor cells measurements in hepa-
tocellular carcinoma. Int | Hepatol 2012; 2012: 684802 [PMID:
22690340 DOI: 10.1155/2012/684802]

Jacob K, Sollier C, Jabado N. Circulating tumor cells: detec-
tion, molecular profiling and future prospects. Expert Rev
Proteomics 2007; 4: 741-756 [PMID: 18067413 DOI: 10.1586/1
4789450.4.6.741]

Attard G, de Bono JS. Utilizing circulating tumor cells:
challenges and pitfalls. Curr Opin Genet Dev 2011; 21: 50-58
[PMID: 21112767 DOI: 10.1016/j.gde.2010.10.010]
Paterlini-Bréchot P, Vona G, Bréchot C. Circulating tumor-
ous cells in patients with hepatocellular carcinoma. Clinical
impact and future directions. Semin Cancer Biol 2000; 10:
241-249 [PMID: 10936072 DOI: 10.1006/ scbi.2000.0323]
Morimoto O, Nagano H, Miyamoto A, Fujiwara Y, Kondo M,
Yamamoto T, Ota H, Nakamura M, Wada H, Damdinsuren
B, Marubashi S, Dono K, Umeshita K, Nakamori S, Sakon M,
Monden M. Association between recurrence of hepatocellu-
lar carcinoma and alpha-fetoprotein messenger RNA levels
in peripheral blood. Surg Today 2005; 35: 1033-1041 [PMID:
16341483 DOI: 10.1007 / s00595-005-3077-5]

Vona G, Sabile A, Louha M, Sitruk V, Romana S, Schiitze
K, Capron F, Franco D, Pazzagli M, Vekemans M, Lacour B,
Bréchot C, Paterlini-Bréchot P. Isolation by size of epithelial
tumor cells : a new method for the immunomorphological
and molecular characterization of circulatingtumor cells.
Am | Pathol 2000; 156: 57-63 [PMID: 10623654 DOI: 10.1016/
S0002-9440(10)64706-2]

Min AL, Choi JY, Woo HY, Kim JD, Kwon JH, Bae SH, Yoon
SK, Shin SH, Chung Y], Jung CK. High expression of Snail
mRNA in blood from hepatocellular carcinoma patients
with extra-hepatic metastasis. Clin Exp Metastasis 2009; 26:
759-767 [PMID: 19533388 DOI: 10.1007/s10585-009-9275-6]
Nel I, Baba HA, Ertle J, Weber F, Sitek B, Eisenacher M,
Meyer HE, Schlaak JF, Hoffmann AC. Individual profil-
ing of circulating tumor cell composition and therapeutic
outcome in patients with hepatocellular carcinoma. Transl
Oncol 2013; 6: 420-428 [PMID: 23908685]

Wu LJ, Pan YD, Pei XY, Chen H, Nguyen S, Kashyap A, Liu
J, Wu J. Capturing circulating tumor cells of hepatocellular
carcinoma. Cancer Lett 2012; 326: 17-22 [PMID: 22842097

(49

TR
JBaishideng®

WJG | www.wjgnet.com

15

16

17

18

19

20

21

22

23

24

25

26

27

DOI: 10.1016/j.canlet.2012.07.024]

Xu W, Cao L, Chen L, Li ], Zhang XF, Qian HH, Kang XY,
Zhang Y, Liao ], Shi LH, Yang YF, Wu MC, Yin ZF. Isola-
tion of circulating tumor cells in patients with hepatocel-
lular carcinoma using a novel cell separation strategy.
Clin Cancer Res 2011; 17: 3783-3793 [PMID: 21527564 DOI:
10.1158/1078-0432.CCR-10-0498]

Melloul E, Lesurtel M, Carr B, Clavien PA. Developments
in liver transplantation for hepatocellular carcinoma. Semin
Oncol 2012; 39: 510-521 [PMID: 22846868 DOI: 10.1053 /j.sem-
inoncol.2012.05.008]

Fan ST, Yang ZF, Ho DW, Ng MN, Yu WC, Wong ]. Predic-
tion of posthepatectomy recurrence of hepatocellular carci-
noma by circulating cancer stem cells: a prospective study.
Ann Surg 2011; 254: 569-576 [PMID: 21892074 DOI: 10.1097/
SLA.0b013e3182300a1d]

Sun YF, Xu Y, Yang XR, Guo W, Zhang X, Qiu SJ, Shi RY,
Hu B, Zhou J, Fan ]. Circulating stem cell-like epithelial
cell adhesion molecule-positive tumor cells indicate poor
prognosis of hepatocellular carcinoma after curative resec-
tion. Hepatology 2013; 57: 1458-1468 [PMID: 23175471 DOI:
10.1002/hep.26151]

Schulze K, Gasch C, Staufer K, Nashan B, Lohse AW, Pan-
tel K, Riethdorf S, Wege H. Presence of EpCAM-positive
circulating tumor cells as biomarker for systemic disease
strongly correlates to survival in patients with hepatocel-
lular carcinoma. Int | Cancer 2013; 133: 2165-2171 [PMID:
23616258 DOI: 10.1002/ijc.28230]

Liu S, Li N, Yu X, Xiao X, Cheng K, Hu J, Wang J, Zhang D,
Cheng S, Liu S. Expression of intercellular adhesion mol-
ecule 1 by hepatocellular carcinoma stem cells and circulat-
ing tumor cells. Gastroenterology 2013; 144: 1031-1041.e10
[PMID: 23376424 DOI: 10.1053/j.gastro.2013.01.046]
Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M,
Mariani L, Camerini T, Roayaie S, Schwartz ME, Grazi GL,
Adam R, Neuhaus P, Salizzoni M, Bruix J, Forner A, De
Carlis L, Cillo U, Burroughs AK, Troisi R, Rossi M, Gerunda
GE, Lerut J, Belghiti ], Boin I, Gugenheim J, Rochling F, Van
Hoek B, Majno P. Predicting survival after liver transplan-
tation in patients with hepatocellular carcinoma beyond
the Milan criteria: a retrospective, exploratory analysis.
Lancet Oncol 2009; 10: 35-43 [PMID: 19058754 DOI: 10.1016/
51470-2045(08)70284-5]

Bertino G, Di Carlo I, Ardiri A, Calvagno GS, Demma
S, Malaguarnera G, Bertino N, Malaguarnera M, Toro A,
Malaguarnera M. Systemic therapies in hepatocellular car-
cinoma: present and future. Future Oncol 2013; 9: 1533-1548
[PMID: 24106903 DOI: 10.2217/fon.13.171]

Irtan S, Chopin-Laly X, Ronot M, Faivre S, Paradis V, Bel-
ghiti J. Complete regression of locally advanced hepatocel-
lular carcinoma induced by sorafenib allowing curative
resection. Liver Int 2011; 31: 740-743 [PMID: 21457447 DOI:
10.1111/.1478-3231.2010.02441]

Williet N, Dubreuil O, Boussaha T, Trouilloud I, Landi B,
Housset M, Botti M, Rougier P, Belghiti ], Taieb J. Neoadju-
vant sorafenib combined with gemcitabine plus oxaliplatin
in advanced hepatocellular carcinoma. World | Gastroenterol
2011; 17: 2255-2258 [PMID: 21633538 DOI: 10.3748/wjg.v17.
i17.2255]

Barbier L, Muscari F, Le Guellec S, Pariente A, Otal P, Suc
B. Liver resection after downstaging hepatocellular carci-
noma with sorafenib. Int | Hepatol 2011; 2011: 791013 [PMID:
22135750 DOI: 10.4061/2011/791013]

Vitale A, Volk ML, Pastorelli D, Lonardi S, Farinati F, Burra
P, Angeli P, Cillo U. Use of sorafenib in patients with he-
patocellular carcinoma before liver transplantation: a cost-
benefit analysis while awaiting data on sorafenib safety.
Hepatology 2010; 51: 165-173 [PMID: 19877181 DOI: 10.1002/
hep.23260]

Lai EC, Fan ST, Lo CM, Chu KM, Liu CL. Anterior approach

January 7, 2014 | Volume 20 | Issuel |



28

29

30

31

32

33

34

35

36

37

38

for difficult major right hepatectomy. World | Surg 1996;
20: 314-337; discussion 318 [PMID: 8661837 DOI: 10.1007/
5002689900050]

Belghiti J, Guevara OA, Noun R, Saldinger PF, Kian-
manesh R. Liver hanging maneuver: a safe approach to
right hepatectomy without liver mobilization. ] Am Coll
Surg 2001; 193: 109-111 [PMID: 11442247 DOI: 10.1016/
51072-7515(01)00909-7]

Wu TJ, Wang F, Lin YS, Chan KM, Yu MC, Lee WC. Right
hepatectomy by the anterior method with liver hanging
versus conventional approach for large hepatocellular carci-
nomas. Br | Surg 2010; 97: 1070-1078 [PMID: 20632274 DOI:
10.1002/bjs.7083]

Jiang C, Wang Z, Xu Q, Wu X, Ding Y. Inferior Right He-
patic Vein-preserving Major Right Hepatectomy for Hepa-
tocellular Carcinoma in Patients with Significant Fibrosis or
Cirrhosis. World | Surg 2014; 38: 159-167 [PMID: 24081537
DOI: 10.1007 /s00268-013-2240-1]

Tsuchiya Y, Sawada S, Yoshioka I, Ohashi Y, Matsuo M,
Harimaya Y, Tsukada K, Saiki I. Increased surgical stress
promotes tumor metastasis. Surgery 2003; 133: 547-555
[PMID: 12773983 DOI: 10.1067/ msy.2003.141]

Oe H, Kaido T, Mori A, Onodera H, Imamura M. Hepato-
cyte growth factor as well as vascular endothelial growth
factor gene induction effectively promotes liver regenera-
tion after hepatectomy in Solt-Farber rats. Hepatogastroenter-
ology 2005; 52: 1393-1397 [PMID: 16201081]

Yoon SS, Kim SH, Gonen M, Heffernan NM, Detwiller KY,
Jarnagin WR, D’Angelica M, Blumgart LH, Tanabe KK,
Dematteo RP. Profile of plasma angiogenic factors before
and after hepatectomy for colorectal cancer liver metastases.
Ann Surg Oncol 2006; 13: 353-362 [PMID: 16474912 DOI:
10.1245/ ASO.2006.03.060]

Rupertus K, Kollmar O, Scheuer C, Junker B, Menger
MD, Schilling MK. Major but not minor hepatectomy ac-
celerates engraftment of extrahepatic tumor cells. Clin Exp
Metastasis 2007; 24: 39-48 [PMID: 17260102 DOI: 10.1007/
510585-006-9054-6]

Van der Bilt JD, Kranenburg O, Nijkamp MW, Smakman N,
Veenendaal LM, Te Velde EA, Voest EE, van Diest PJ, Borel
Rinkes IH. Ischemia/reperfusion accelerates the outgrowth
of hepatic micrometastases in a highly standardized murine
model. Hepatology 2005; 42: 165-175 [PMID: 15962318 DOI:
10.1002/hep.20739]

Van der Bilt JD, Kranenburg O, Borren A, van Hillegersberg
R, Borel Rinkes IH. Ageing and hepatic steatosis exacerbate
ischemia/reperfusion-accelerated outgrowth of colorectal
micrometastases. Ann Surg Oncol 2008; 15: 1392-1398 [PMID:
18335279 DOI: 10.1245/ 510434-007-9758-0]

Van der Bilt JD, Soeters ME, Duyverman AM, Nijkamp
MW, Witteveen PO, van Diest PJ, Kranenburg O, Borel
Rinkes IH. Perinecrotic hypoxia contributes to ischemia/
reperfusion-accelerated outgrowth of colorectal microme-
tastases. Am | Pathol 2007; 170: 1379-1388 [PMID: 17392176
DOI: 10.2353 / ajpath.2007.061028]

Nijkamp MW, Hoogwater FJ, Govaert KM, Steller EJ, Ver-
heem A, Kranenburg O, Borel Rinkes IH. A role for CD95
signaling in ischemia/reperfusion-induced invasion and
outgrowth of colorectal micrometastases in mouse liver.
J Surg Oncol 2011; 104: 198-204 [PMID: 21506133 DOI:
10.1002/js0.21915]

(4 9

TR
JBaishideng®

WJG | www.wjgnet.com

39

40

41

42

43

44

45

46

47

48

49

50

147

Zhang Y et a/. HCC CTCs as therapeutic targets

Man K, Ng KT, Lo CM, Ho JW, Sun BS, Sun CK, Lee TK,
Poon RT, Fan ST. Ischemia-reperfusion of small liver rem-
nant promotes liver tumor growth and metastases--activa-
tion of cell invasion and migration pathways. Liver Transpl
2007; 13: 1669-1677 [PMID: 18044786 DOI: 10.1002/1t.21193]

Nagai S, Facciuto M, Mori S, Ninomiya M, Rocca JP, Contre-
ras-Saldivar A, Schwartz ME, Florman SS. WITHDRAWN:
Recurrence prediction of hepatocellular carcinoma after
liver transplantation by ischemia time and tumor charac-
teristics. | Hepatol 2013 Feb 17; Epub ahead of print [PMID:
23422778 DOI: 10.1016/j.jhep.2013.02.003]

Giuliante F, Ardito F, Pulitanod C, Vellone M, Giovannini
I, Aldrighetti L, Ferla G, Nuzzo G. Does hepatic pedicle
clamping affect disease-free survival following liver resec-
tion for colorectal metastases? Ann Surg 2010; 252: 1020-1026
[PMID: 21107113 DOI: 10.1097 /SLA.0b013e3181£66918]

Xia F, Lau WY, Xu Y, Wu L, Qian C, Bie P. Does hepatic
ischemia-reperfusion injury induced by hepatic pedicle
clamping affect survival after partial hepatectomy for hepa-
tocellular carcinoma? World | Surg 2013; 37: 192-201 [PMID:
22965538 DOI: 10.1007/s00268-012-1781-z]

Fan ZC, Yan ], Liu GD, Tan XY, Weng XF, Wu WZ, Zhou ],
Wei XB. Real-time monitoring of rare circulating hepatocel-
lular carcinoma cells in an orthotopic model by in vivo flow
cytometry assesses resection on metastasis. Cancer Res 2012;
72: 2683-2691 [PMID: 22454286 DOI: 10.1158/0008-5472.
CAN-11-3733]

Feng YX, Wang T, Deng YZ, Yang P, Li J], Guan DX, Yao F,
Zhu YQ, Qin Y, Wang H, Li N, Wu MC, Wang HY, Wang
XF, Cheng SQ, Xie D. Sorafenib suppresses postsurgical
recurrence and metastasis of hepatocellular carcinoma in an
orthotopic mouse model. Hepatology 2011; 53: 483-492 [PMID:
21274870 DOI: 10.1002/hep.24075]

Wang SN, Chuang SC, Lee KT. Efficacy of sorafenib as ad-
juvant therapy to prevent early recurrence of hepatocellular
carcinoma after curative surgery: A pilot study. Hepatol Res
2013 May 14; Epub ahead of print [PMID: 23672310 DOI:
10.1111/hepr.12159]

Yan J, Tan C, Gu F, Jiang ], Xu M, Huang X, Dai Z, Wang Z,
Fan ], Zhou ]. Sorafenib delays recurrence and metastasis
after liver transplantation in a rat model of hepatocellular
carcinoma with high expression of phosphorylated extracel-
lular signal-regulated kinase. Liver Transpl 2013; 19: 507-520
[PMID: 23408515 DOI: 10.1002/1t.23619]

Huang L, Li GM, Zhu JY, Li Z, Li T, Leng XS. Efficacy of
sorafenib after liver transplantation in patients with pri-
mary hepatic carcinoma exceeding the Milan criteria: a
preliminary study. Onco Targets Ther 2012; 5: 457-462 [PMID:
23277740 DOI: 10.2147/OTT.S31387]

Finn RS. Current and Future Treatment Strategies for
Patients with Advanced Hepatocellular Carcinoma: Role
of mTOR Inhibition. Liver Cancer 2012; 1: 247-256 [PMID:
24159589 DOI: 10.1159/000343839]

Toso C, Merani S, Bigam DL, Shapiro AM, Kneteman NM.
Sirolimus-based immunosuppression is associated with
increased survival after liver transplantation for hepato-
cellular carcinoma. Hepatology 2010; 51: 1237-1243 [PMID:
20187107 DOI: 10.1002/hep.23437]

Lehmann K, Clavien PA. History of hepatic surgery. Surg
Clin North Am 2010; 90: 655-664 [PMID: 20637939 DOI:
10.1016/j.suc.2010.04.018]

P- Reviewers: Enjoji M, Ohkohchi N, Rodriguez-Frias F
S- Editor: Ma Y] L- Editor: Wang TQ E- Editor: Ma S

January 7, 2014 | Volume 20 | Issuel |



7B
JRnishideng®

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza,
315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

ISSN1007-9327

| ‘ H‘ Il

9 7710077932045 “

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.




	142.pdf
	WJGv20i1-Back cover.pdf

