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Abstract
Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world, responsible for an estimated one
million deaths annually. It has a poor prognosis due to its
rapid infiltrating growth and complicating liver cirrhosis.
Surgical resection, liver transplantation and cryosurgery are
considered the best curative options, achieving a high rate
of complete response, especially in patients with small HCC
and good residual liver function. In nonsurgery, regional
interventional therapies have led to a major breakthrough in
the management of unresectable HCC, which include
transarterial chemoembolization (TACE), percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), microwave
coagulation therapy (MCT), laser-induced thermotherapy
(LITT), etc. As a result of the technical development of
locoregional approaches for HCC during the recent decades,
the range of combined interventional therapies has been
continuously extended. Most combined multimodal
interventional therapies reveal their enormous advantages
as compared with any single therapeutic regimen alone,
and play more important roles in treating unresectable HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a highly malignant tumour
with a very high morbidity and mortality, carrying a poor
prognosis and presenting considerable management[1]. The
treatment of patients with HCC has been evolving in the
past years.
      Liver resection remains a good treatment for HCC in patients
with cirrhosis[2]. The best results are obtained in patients with
small, non-invasive tumours[3]. However, only a small number
of patients are suitable for curative resection due to many
factors such as multicentric tumours, extrahepatic metastases,
early vascular invasion, coexisting advanced liver cirrhosis and
comorbidities[4,5]. Liver transplantation seems to be the choice
for monofocal HCC less than 5 cm in diameter and in selected
cases of plurifocal HCC[6], but may be limited by availability
of donor organs and a long waiting time[7-9]. Cryosurgery
destroys neoplastic tissue by application of cold and affords a

better chance of cure because of predictable necrosis even for
HCC larger than 3 cm, but its use is limited by a high complication
rate[10].
    Local methods for tumour ablation, which include
transarterial chemoembolization (TACE), percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), microwave
coagulation therapy (MCT), laser-induced thermotherapy
(LITT), are promising extensions of tumour therapy, especially
in patients with limited liver function, unresectable tumours,
or multifocal tumours[11]. Since TACE was introduced as a
palliative treatment in patients with unresectable HCC, it has
become one of the most common forms of interventional
therapy[12-15]. TACE has been shown to reduce systemic toxicity
and increase local effects and thus improve the therapeutic
results[14, 16]. However, its perceived benefit for survival has
not been substantiated in randomized trials, presumably
because its anticancer effect is offset by its adverse effect on
liver function. Its therapeutic effect is also limited by the lack
of appropriate and reliable embolic agents and when the
tumour is infiltrative in nature or is hypovascular, too large or
too small[17-19]. PEI is widely used with excellent results for
small, encapsulated tumours in livers with less than three
HCCs, but it is not suitable for patients having coagulopathy
or ascites[19]. While RFA results in a higher rate of complete
necrosis and requires fewer treatment sessions than PEI, the
complication rate is higher with RFA than with PEI[20]. MCT
under local anaesthesia is a minimally invasive and effective
therapy when carried out on a single occasion to treat HCC
located near the liver surface[21]. MCT may be superior to
PEI for the local control of moderately or poorly differentiated
small HCC[22, 23]. MR-guided LITT is another local effective
therapy with low morbidity in malignant liver tumours with a
maximum quantity of 5 and a size of < or = 5 cm[24,25], but
local recurrence can occur even in small HCC, while this
drawback is infrequent[26]. Biotherapy will play a certain role
in the treatment of HCC, however, the results are still
controversial[27].
     It is well known that improving the overall therapeutic
effects of liver cancer depends on the combined therapies. The
purpose of combined interventional therapies for HCC is to
give full play to the merits of various therapeutic schemes, to
overcome their shortcomings and to get combined effects that
are impossible to obtain from any single therapeutic regimen.
The general principles of combined interventional therapies
for HCC are to destroy the tumour as completely as possible,
to increase their therapeutic efficiencies but not the side effects
and complications, to keep the liver function and immunity of
patients in a better condition, and to choose the suitable
combined therapeutic plan individually. In this paper, the
current status of combined interventional therapies for
unresectable HCC are reviewed.

COMBINATION OF TACE AND SURGERY

The role of pre- and postoperative transarterial chemoembolization
(TACE)
Zhang et al suggested that TACE could be performed 2-4 times
preoperatively within 6 months according to tumour size, range,
location, hepatic function, and TACE effect. It was reported
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the 5-year disease-free survival rate was 56.8 % with a mean
time of 90.1 months and the 1-, 3- and 5- year survival rates
were 79.7 %, 65 % and 56 %, respectively[28,29]. Gerunda et al
suggested that TACE was able to improve HCC and
significantly reduce the incidence of early and overall HCC
recurrence and related death after resection[30]. It has been
confirmed that pre-operative TACE can necrotize the main
lesion and temporarily arrest portal diffusion of neoplastic cells
by acting on microvascular infiltration[31]. Nakano et al
recommended that preoperative TACE should be performed
in HCC patients only when LHL15 (the ratio of liver to heart-
plus-liver radioactivity of Tc-GSA 15 minutes after injection)
was less than 0.91[32]. However, Huang et al and Wu et al
suggested that preoperative TACE for resectable large HCC
should be avoided because it could not provide complete
necrosis in large tumours and could result in delayed surgery
and difficulty in the treatment of recurrent lesions, without
any benefit[33,34]. It is concluded that TACE of HCC prior to
liver transplantation has no influence on the recurrent rate[35].
However, a more detailed study of this treatment for HCC has
not yet been reported. Clavien et al demonstrated that
cryosurgery after TACE was feasible for cirrhotic livers with
HCC and could increase the cure rate of large tumours. TACE
might reduce the risk of hemorrhage after cryosurgery, but
could also increase the risk of hepatic failure in patients
with poor hepatic function. The 5-year survival rate could be
raised to 79 %[36].
     The results of Lin et al indicate that postoperative TACE
is useful for prevention and treatment of HCC. It helps improve
survival of surgically treated HCC patients[37]. Randomized
trials to accurately define the position of this combined
technique are needed.

COMBINATION OF TACE AND PEI
Percutaneous ethanol injection (PEI) is widely used with
excellent results for small, encapsulated tumours in livers with
less than three HCCs[19,38-40]. Ethanol in PEI acts by diffusing
within the cells, which causes immediate dehydration of
cytoplasmic proteins with consequent coagulation necrosis
followed by fibrosis, and by entering the circulation, which
induces necrosis of endothelial cells and platelet aggregation
with consequent thrombosis of small vessels followed by
ischemia of the neoplastic tissues. Advantages for using PEI
include [41-43]: no remarkable damage to the remaining
parenchyma, relative safety, easy repetition when new lesions
appear as in the majority of patients followed for 5 years,
application anywhere due to its low cost and easy operation,
and fairly good long-term results.
     PEI can be carried out either in patients with HCC who
have poor hepatic function or in elderly patients (age > or = 70
years)[40,44]. Long-term survival rates of PEI-treated patients
are similar to those obtained in matched patients submitted to
partial hepatectomy[38, 40, 42]. Livraghi et al reported in 746 HCCs
with cirrhosis treated by PEI, the 5-year survival rates for single
HCC < 5 cm were 47 % for Child A, 29 % for Child B and 0 %
for Child C, respectively[45].
    PEI has been performed in many hospitals and is now
categorized as a potentially curative procedure for patients
with HCC. However, the long-term prognosis remains
disappointed because of the high recurrent rate among patients
with HCC after PEI, especially in those with high levels of
alphafetoprotein (AFP) and those without peritumoral capsule
or with large lesions and cirrhosis[39,44]. In fact, histological
examination of HCC lesions after PEI reveals that viable tissue
remains in portions isolated by septa or in extracapsular or
intracapsular invasion. It has been demonstrated that the high
vascularity of HCC promotes an early wash-out of injected

ethanol, so that PEI for patients with hypervascular tumours
may be less effective than for patients with hypovascular
tumours[46,47].
     Combined TACE and PEI is a therapeutic option that has
been recently proposed to overcome the weakness of each of
the two procedures in the treatment of large HCC[48-50]. The
rationale for combination of the two treatments relies on the
fact that after TACE tumour consistency is markedly decreased
and intratumoral septa are usually disrupted, as a result of the
necrotic phenomena induced by the procedure. These
histopathologic changes make subsequent treatment with PEI
easier, as they provide enhanced ethanol diffusion within the
tumour. Consequently, higher doses of ethanol than those used
in conventional PEI can be injected, enabling complete and
homogeneous perfusion even of large lesions. Moreover,
treatment with PEI is facilitated by the TACE-derived fibrous
wall around the lesion, which favours a better retention of the
injected ethanol within the tumour[46,50,51]. The 5-year survival
rate was 50 % in the TACE/PEI group and was 22 % in the TACE
group[52]. A favourable outcome of this combined therapy can
be expected in patients with solitary and encapsulated HCC
(low Okuda stage, AFP level <100 ng/ml), compensatory
cirrhosis, and absence of portal vein thrombosis[42,49,51,53].

COMBINATION OF TACE AND RFA
Radiofrequency thermal ablation (RFA) is a minimally invasive
and safe technique for the nonsurgical treatment of HCC.
Similar to other ablation techniques, the treatment strategy
depends on several factors, such as the patient’s clinical status,
the stage of liver cirrhosis and of HCC. RFA can be performed
percutaneously, laparoscopically or after laparotomy[54]. RFA
achieves complete tumour necrosis for small HCC (< or = 3.5 cm
in diameter) with fewer treatment sessions compared with PEI,
and can also create large volumes of tumour necrosis in a shorter
period of time than either laser or microwave therapy. Curley
and Izzo suggested that RFA could be performed for unresectable
hepatic malignancies less than 6.0 cm in diameter[55]. In
addition, equipments used for RFA were less expensive than
either laser or microwave equipments[56]. RFA provides local
control of advanced liver tumours with low recurrence and
acceptable morbidity[57-62]. However, the complication rate is
higher with RFA than with PEI[20].
    The combination of TACE and RFA induces larger
coagulation necrosis areas than RFA without any possibility
of revascularization[63-66]. RFA performed after TACE
effectively treats HCC larger than those suitable for segmental
TACE or RFA application alone[63]. Bloomston et al reported
that one-year survival was greater in patients undergoing TACE
and RFA than TACE alone (100 % vs 67 %, P=0.04). Mean
survival was longer after TACE with RFA compared with
TACE alone (25.3 months +/- 15.9 vs. 11.4 months +/- 7.3,
P<0.05). No patients suffered significant complications in that
study[66]. For multifocal recurrence, RFA can be useful as a
complementary technique for lesions not completely treated
by TACE[67].

COMBINATION OF TACE AND MCT
It is well known that percutaneous microwave coagulation
therapy (MCT) under local anesthesia is a palliative and
effective therapy when carried out on a single occasion to treat
HCC located near the liver surface, and it can be safely
performed under direct visual guidance[21]. MCT may be
superior to PEI for the local control of moderately or poorly
differentiated small HCC[22, 23]. MCT is also superior to PEI
for treating patients with HCC < or = 15 mm in diameter. In
such patients with well-differentiated HCC, PEI is as effective



as MCT[68].
     The combined therapy of MCT applied within 1-2 days of
TACE can effectively treat HCC >2.0 cm but <3.0 cm in
dimension. A few microwave electrode insertions and
microwave irradiations are needed[69]. Ishikawa et al suggested
that MCT destroyed the peripheral part of the tumour that might
remain viable after TAE, but combination therapy with
transarterial embolization (TAE) was preferable, especially
when a viable part existed within tumours[70]. However, larger
scale clinical trials are required to define the role of this
combined therapy in the strategy of oncology.

COMBINATION OF TACE AND LITT
Patients with larger and more than two HCC nodules have
a relatively high incidence of recurrence of HCC in the
remnant liver, even when coagulation by PEI, MCT or RFA
is complete[71-73].
      Laser-induced thermotherapy (LITT) is another minimally
invasive and attractive method for destroying relatively
larger tumours within solid organs by causing carbonization
and vaporization in tissue[24,72-75]. MR-guided LITT is a local
effective therapy with low morbidity for malignant liver
tumours with a maximum quantity of 5 and a size of < or =
5 cm[24,25]. LITT may be also equivalent to limited hepatic
resection and may influence long-term survival, achieving
results comparable to those of segmentectomies, but local
recurrence can occur even in small HCC, while this drawback
is infrequent[26].
      The rationale for combination of TACE and LITT is based
on the fact that LITT can reduce the volume of viable tissue
and improve the lesion within the range of TACE effectiveness.
Moreover, in the case of multiple lesions in the same patient,
it is possible to treat the small lesions with LITT alone and to
reduce the number of hepatic segments requiring TACE[74].
Pacella et al achieved complete response with a single
segmental TACE session in 21 (70 %) of the 30 patients and
reported that the 1-, 2-, and 3-year local recurrent rate was 7 %
in large HCC, respectively. Complete tumour necrosis was
achieved in all 15 (100 %) small HCCs. The 1-, 2-, and 3-year
cumulative survival rates were 92 %, 68 %, and 40 %,
respectively. The mean number of sessions needed to control
large HCC was 4.2[74]. LITT seems to be more beneficial and
advisable in combination with TACE for treating patients with
relatively larger and multiple HCCs.

COMBINATION OF TACE AND RADIATION
A number of studies have shown the experimental and clinical
therapeutic effectiveness of combination of external/interstitial
radiation and TACE[76-82]. Delivering the highest irradiation
dose within the tolerance of the liver is the key to improve the
long-term effect.
     Intra-arterial injection of radioactive lipiodol has shown
promising results in patients with HCC and portal obstruction.
Raoul et al. reported that overall survival rates at 6 months, 1,
2, 3, and 4 years were 69 %, 38 %, 22 %, 14 % and 10 %, in the
131I-labeled lipiodol group and 66 %, 42 %, 22 %, 3 %, and 0 %
in the chemoembolization group, respectively. In terms of
patient survival and tumor response, radioactive 131I-labeled
lipiodol and chemoembolization were equally effective in the
treatment of HCC, but tolerance to 131I-labeled lipiodol was
significantly better[83].
     Guo et al and Tazawa et al regarded the combination of
TACE and radiotherapy as an alternative and permissible
treatment for large unresectable HCC, and it might be useful
to reverse portal vein tumor thrombi in patients with good
hepatic function reserve[79, 80]. It was reported the cumulative

survival rates of  1, 3 and 5 years were 59.4 %, 28.4 % and 15.
8 %, respectively[80]. Cheng et al demonstrated that this
combined therapy was associated with better control of HCC
than radiation given alone, probably due to the selection of
patients with favorable prognosis for the combined treatment[82].
However, it has been reported that the survival of patients with
combined TACE and radiotherapy was similar to that with
TACE as the only treatment, while a significant portion of the
patients treated with radiotherapy developed extrahepatic
metastasis[81]. In another study, Yasuda et al also confirmed
that radiotherapy combined with TAE and PEI did not clearly
show improvement of the survival. However, it could  effectively
control large HCC with minimal toxicity[84].
     Whether this therapeutic method can really increase the
survival rate of patients suffering from liver cancer, should be
determined by further prospective and comparative studies.

COMBINATION OF TACE AND IMMUNOTHERAPY
In the past few years, combined targeting locoregional
immunochemotherapy has been reported with encouraging
results[85, 86].
     OK-432, a biological response modifier (BRM) derived
from the weakly virulent Su strain of Streptococcus pyogenes,
has been applied in combination with locoregional
chemotherapy or transarterial embolization for treating HCC
in clinic. OK-432 can augment the anti-tumour effect of
anticancer agents (cisplatin/mitomycin), because OK-432 itself
has a direct cytotoxic and cytostatic activity against tumour
cells and inhibits DNA and RNA synthesis in tumour cells.
Chemotherapy can also increase the susceptibility of tumour
cells to cytotoxic effector cells including lymphocytes,
macrophages and neutrophils activated by OK-432 through
direct damage or modulation of surface antigens by
chemotherapy[87]. In addition, anticancer agents can eliminate
the suppressor cells or suppressor factors in the blood or effusion,
resulting in augmented anticancer activity of OK-432-activated
immunopotentiating cells, especially T-cells[88, 89].
     Based on the results of histologic examination in Japan,
transarterial immunoembolization (TIE) seems to be more
effective than conventional TAE against extracapsular invasion
and intrahepatic metastasis in clinic. Data on disease-free
survival and recurrence site suggest TIE may be a useful
preoperative treatment[90,91]. Such combined transarterial
immuno-chemoembolization merits further clinical investigation
in patients with unresectable HCC and immunoincompetence.
      Other BRMs such as tumor necrosis factor (TNF), cytotoxic
T lymphocyte (CTL), tumor infiltrating lymphocyte (TIL) have
not been used in TACE in clinic up to now.

COMBINATION OF TACE AND GENE THERAPY
Gene therapy is one of the more promising approaches for
patients with advanced liver tumour. Experimental and clinical
studies have been reported using cytokine genes (tumor
necrosis factor, interleukin-2, interferon), suicide and p53
genes, retrovirus, adenovirus and Epstein-barr virus as vector,
AFP enhancer, intraarterial administration, etc.[92-99].
     Adenovirus-mediated gene therapy of experimental HCC
is hindered by its low transduction efficacy in vivo[92]. Gene
therapy for cancer requires efficient, selective gene transfer to
cancer cells. The delivery of anticancer agents and iodized oil
esters as embolic agents through hepatic artery is known as
TACE[93]. Shiba et al speculated that genes might be efficiently
and selectively transferred for HCC using iodized oil esters
because these esters might remain together with a genetic vector
within HCC selectively[93]. Clinical trials have begun to evaluate
the efficacy of gene transfer of cytotoxic genes to metastatic
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colorectal tumors through hepatic artery infusion[92]. The
efficiency of trans-arterial gene delivery has also been
compared to that of intra-tumoral injection. The results of Seol
et al indicate that gene expression in patients with liver tumour
can be enhanced by trans-arterial delivery of the liposome-
DNA complex[94].
      Combination of TACE and gene therapy leads to a higher
transfer rate and higher concentration of drugs without major
side-effects and remains an attractive field for clinical
application[92,95,96].

COMBINATION OF TACE AND ANTIANGIOGENESIS THERAPY
Development of tumor angiogenesis-targeting agents is often
referred to as a new concept in anticancer therapy, and
antiangiogenic agents have the following clinical implications.
They may overcome drug resistance in solid tumours.
Identification of the angiogenic factors in serum or
microvessels in tumors can allow the efficacy of the new agents
to be quantified. Antiangiogenic agents have low toxicity due
to their selective effect on tumour vasculature. Their
combination with anticancer agents may potentiate their
anticancer effects[100-104]. For the best clinical results, anti-
angiogenic therapy should be used in combination with other
adjuvant therapies[105-109].
      TNP-470 is the first angio-inhibitor which has entered into
phase III clinical trial. TNP-470 (AGM-1470) is a fumagillin
analogue which inhibits proliferation and migration of
endothelial cells and capillary vessel formation at cytostatic
but not cytotoxic concentrations. It is believed that ischaemic
hypoxia and necrosis induced by TACE stimulate angiogenesis
in the residual viable HCC[110]. TNP-470 inhibits the
proliferation of new microvascular channels and consequently
the development of multiple arterial collaterals[111]. TNP-470
may be particularly effective in inhibiting extrahepatic collaterals
and may make it possible to perform TAE repeatedly[112].
     Combination treatment of animals showed that TNP-470
potentiated the anticancer effects of some cytotoxic and
biological agents[113], but the terminal plasma half-life of TNP-
470 was short and the drug was rapidly cleared from the
circulation after a single 1-hour infusion[114]. The use of embolic
substances (micropheres and medium-chain triglyceride
solution), in which TNP-470 is very stable, prolonged retention
of the anticancer drug at the tumour site, and augmented the
efficacy of anticancer therapy[115]. TAE combined with TNP-
470 may enhance the anticancer effect of TAE alone in the
treatment of HCC without severe side effects on the liver or
body weight gain[116]. This anticancer effect can be enhanced
by coadministration of doxorubicin hydrochloride aqueous
solution[117].
     By combining antiangiogenic agents with TACE used in
the treatment of HCC, the limitations of each therapeutic
approach will be overcome, leading to enhanced efficacy with
diminished toxicity. However, the optimal strategy for the use,
monitoring, and validation of antiangiogenic agents in clinic
remains unclear.

COMBINATION OF TACE AND TRADITIONAL CHINESE

MEDICINAL THERAPY
Traditional Chinese medicinal therapy has gained wide
acceptance as a safe, palliative and effective treatment even in
patients with large HCC and cirrhosis in China.
     Bletilla striata (BS) is a common Chinese medicinal herb
and is usually used as an embolic material in TACE for HCC.
Its compositions are mucilage, starch, and a little volatile
oil[118]. The mechanisms of embolization by BS are attributable
to the following factors such as non-absorbent property,

mechanical obstruction, effect on coagulative and anticoagulative
systems and secondary obstruction due to the injury to wall of
blood vessels[119, 120]. Zheng et al have confirmed that BS powder
has an adherent function and can diffuse slowly in blood flow,
leading to mechanical blockade of vessels. The rough surface
of BS powder can disintegrate local blood platelets and its
mucilage component can make locked erythrocytes agglutinate,
thus shortening the clotting time and prothrombin time and
causing formation of secondary thrombi[118]. It has also been
hypothesized that BS can slowly diffuse into the liver
parenchyma around the tumour in colloidal forms, leading to
prolonged anticancer effect and inhibition of collateralisation
and metastasis of tumour[121]. Compared with gelfoam embolus,
BS has the following characteristics. It can produce extensive
and permanent vascular embolization, while it cannot be
absorbed by body tissue. After embolization, tumour necrosis
and shrinkage are significant with less collateral circulation
that forms later. The mucilage component of BS is a wide-
spectrum anticancer element that may inhibit tumor occurrence
and development[118,121]. The 1-, 2- and 3-year survival rates
were 44.9 %, 33.6 % and 33.6 % in BS group, and were 48.9 %,
31.1 % and 16.0 % in gelfoam group, suggesting that BS is
superior to gelfoam as an embolizing agent, and the transarterial
administration of BS may provide a beneficial therapeutic
modality for HCC[122].

CONCLUSION
In summary, despite the number of treatment options, HCC
usually has a poor prognosis and is one of the malignancies to
be cured. The range of treatment options is fairly wide, and
the choice is not always easy, given the number of variables to
be assessed.
      Combined interventional therapies are superior to any single
therapy for improving the prognosis and survival of patients
with HCC. More multi-center randomized experimental and
clinical studies are required to define the indications and role
of these combined modalities for treating unresectable HCC.

REFERENCES
1 Qin LX, Tang ZY. The prognostic significance of clinical and

pathological features in hepatocellular carcinoma. World J
Gastroenterol 2002; 8: 193-199

2 Parks RW, Garden OJ. Liver resection for cancer. World J
Gastroenterol 2001; 7: 766-771

3 Franco D, Usatoff V. Resection of hepatocellular carcinoma.
Hepatogastroenterology 2001; 48: 33-36

4 Alsowmely AM, Hodgson HJ. Non-surgical treatment of hepa-
tocellular carcinoma. Aliment Pharmacol Ther 2002; 16: 1-15

5 Yan FH, Zhou KR, Cheng JM, Wang JH, Yan ZP, Da RR, Fan J, Ji
Y. Role and limitation of FMPSPGR dynamic contrast scanning
in the follow-up of patients with hepatocellular carcinoma treated
by TACE. World J Gastroenterol 2002; 8: 658-662

6 Colella G, Bottelli R, De Carlis L, Sansalone CV, Rondinara GF,
Alberti A, Belli LS, Gelosa F, Iamoni GM, Rampoldi A, De Gasperi
A, Corti A, Mazza E, Aseni P, Meroni A, Slim AO, Finzi M, Di
Benedetto F, Manochehri F, Follini ML, Ideo G, Forti D. Hepato-
cellular carcinoma: comparison between liver transplantation,
resective surgery, ethanol injection, and chemoembolization.
Transpl Int 1998; 11: 193-196

7 Durand F, Belghiti J. Liver transplantation for hepatocellular
carcinoma. Hepatogastroenterology 2002; 49: 47-52

8 Wong LL. Current status of liver transplantation for hepatocel-
lular cancer. Am J Surg 2002; 183: 309-316

9 Wu MC, Shen F. Progress in research of liver surgery in China.
World J Gastroenterol 2000; 6: 773-776

10 Poon RT, Fan ST, Tsang FH, Wong J. Locoregional therapies for
hepatocellular carcinoma: a critical review from the surgeon’s
perspective. Ann Surg 2002; 235: 466-486

11 Sturm JW, Keese MA, Bonninghoff RG, Wustner M, Post S. Lo-

1888            ISSN 1007-9327    CN 14-1219/ R    World J Gastroenterol    September 15, 2003   Volume 9   Number 9



cally ablative therapies of hepatocellular carcinoma. Onkologie
2001; 24 (Suppl 5): 35-45

12 Achenbach T, Seifert JK, Pitton MB, Schunk K, Junginger T.
Chemoembolization for primary liver cancer. Eur J Surg Oncol
2002; 28: 37-41

13 Mizoe A, Yamaguchi J, Azuma T, Fujioka H, Furui J, Kanematsu
T. Transcatheter arterial embolization for advanced hepatocel-
lular carcinoma resulting in a curative resection: report of two
cases. Hepatogastroenterology 2000; 47: 1706-1710

14 Llovet JM, Real MI, Montana X, Planas R, Coll S, Aponte J, Ayuso
C, Sala M, Muchart J, Sola R, Rodes J, Bruix J. Barcelona Liver
Cancer Group. Arterial embolisation or chemoembolisation ver-
sus symptomatic treatment in patients with unresectable hepa-
tocellular carcinoma: a randomised controlled trial. Lancet 2002;
359: 1734-1739

15 Li L, Wu PH, Li JQ, Zhang WZ, Lin HG, Zhang YQ. Segmental
transcatheter arterial embolization for primary hepatocellular
carcinoma. World J Gastroenterol 1998; 4: 511-512

16 Chen MS, Li JQ, Zhang YQ, Lu LX, Zhang WZ, Yuan YF, Guo
YP, Lin XJ, Li GH. High-dose iodized oil transcatheter arterial
chemoembolization for patients with large hepatocellular
carcinoma. World J Gastroenterol 2002; 8: 74-78

17 Qian J, Truebenbach J, Graepler F, Pereira P, Huppert P, Eul T,
Wiemann G, Claussen C. Application of poly-lactide-co-
glycolide-microspheres in the transarterial chemoembolization
in an animal model of hepatocellular carcinoma. World J
Gastroenterol 2003; 9: 949-948

18 Fan J, Ten GJ, He SC, Guo JH, Yang DP, Wang GY. Arterial
chemoembolization for hepatocellular carcinoma. World J
Gastroenterol 1998; 4: 33-37

19 Lin DY, Lin SM, Liaw YF. Non-surgical treatment of hepatocel-
lular carcinoma. J Gastroenterol Hepatol 1997; 12: 319-328

20 Livraghi T, Goldberg SN, Lazzaroni S, Meloni F, Solbiati L, Ga-
zelle GS. Small hepatocellular carcinoma: treatment with radio-
frequency ablation versus ethanol injection. Radiology 1999; 210:
655-661

21 Seki S, Sakaguchi H, Kadoya H, Morikawa H, Habu D,
Nishiguchi S, Shiomi S, Kitada T, Kuroki T. Laparoscopic micro-
wave coagulation therapy for hepatocellular carcinoma. Endos-
copy 2000; 32: 591-597

22 Seki T, Wakabayashi M, Nakagawa T, Imamura M, Tamai T,
Nishimura A, Yamashiki N, Okamura A, Inoue K. Percutaneous
microwave coagulation therapy for patients with small hepato-
cellular carcinoma: comparison with percutaneous ethanol in-
jection therapy. Cancer 1999; 85: 1694-1702

23 Itamoto T, Katayama K, Fukuda S, Fukuda T, Yano M, Nakahara
H, Okamoto Y, Sugino K, Marubayashi S, Asahara T. Percutane-
ous microwave coagulation therapy for primary or recurrent
hepatocellular carcinoma: long-term results. Hepatogastroenterology
2001; 48: 1401-1405

24 Vogl TJ, Straub R, Eichler K, Woitaschek D, Mack MG. Malig-
nant liver tumors treated with MR imaging-guided laser-induced
thermotherapy: experience with complications in 899 patients
(2,520 lesions). Radiology 2002; 225: 367-377

25 Vogl TJ, Mack MG, Straub R, Zangos S, Engelmann K, Eichler K.
Percutaneous laser ablation of malignant liver tumors. Zentralbl
Chir 2001; 126: 571-575

26 Pacella CM, Bizzarri G, Magnolfi F, Cecconi P, Caspani B, Anelli
V, Bianchini A, Valle D, Pacella S, Manenti G, Rossi Z. Laser ther-
mal ablation in the treatment of small hepatocellular carcinoma:
results in 74 patients. Radiology 2001; 221: 712-720

27 Tang ZY. Hepatocellular carcinoma-cause, treatment and
metastasis. World J Gastroenterol 2001; 7: 445-454

28 Zhang Z, Liu Q, He J, Yang J, Yang G, Wu M. The effect of preop-
erative transcatheter hepatic arterial chemoembolization on dis-
ease-free survival after hepatectomy for hepatocellular carcinoma.
Cancer 2000; 89: 2606-2612

29 Fan J, Yu Y, Wu Z. Liver resection after transcatheter hepatic
arterial chemoembolization for hepatocellular carcinoma and
curative effect analysis. Zhonghua Waike Zazhi 1997; 35: 710-712

30 Gerunda GE, Neri D, Merenda R, Barbazza F, Zangrandi F,
Meduri F, Bisello M, Valmasoni M, Gangemi A, Faccioli AM.
Role of transarterial chemoembolization before liver resection
for hepatocarcinoma. Liver Transpl 2000; 6: 619-626

31 Di Carlo V, Ferrari G, Castoldi R, De Nardi P, Bergamo C,

Taccagni G, Salvioni M, Angeli E, Venturini M, Del Maschio A.
Pre-operative chemoembolization of hepatocellular carcinoma
in cirrhotic patients. Hepatogastroenterology 1998; 45: 1950-1954

32 Nakano H, Yoshida K, Takeuchi S, Kumada K, Yamaguchi M,
Jaeck D. Liver scintigraphy is useful for selecting candidates for
preoperative transarterial chemoembolization among patients
with hepatocellular carcinoma and chronic liver disease. Am J
Surg 1999; 178: 385-389

33 Huang J, He X, Lin X, Zhang C, Li J. Effect of preoperative
transcatheter arterial chemoembolization on tumor cell activity
in hepatocellular carcinoma. Chin Med J 2000; 113: 446-448

34 Wu CC, Ho YZ, Ho WL, Wu TC, Liu TJ, P’eng FK. Preoperative
transcatheter arterial chemoembolization for resectable large hepa-
tocellular carcinoma: a reappraisal. Br J Surg 1995; 82: 122-126

35 Veltri A, Grosso M, Martina MC, Ciancio A, David E, Salizzoni
M, Soldano U, Galli J, Fava C. Effect of preoperative radiological
treatment of hepatocellular carcinoma before liver transplantation:
a retrospective study. Cardiovasc Intervent Radiol 1998; 21: 393-398

36 Clavien PA, Kang KJ, Selzner N, Morse MA, Suhocki PV.
Cryosurgery after chemoembolization for hepatocellular carci-
noma in patients with cirrhosis. J Gastrointest Surg 2002; 6: 95-101

37 Lin Z, Ren Z, Xia J. Appraisal of postoperative transcatheter ar-
terial chemoembolization (TACE) for prevention and treatment
of hepatocellular carcinoma recurrence. Zhonghua Zhongliu Zazhi
2000; 22: 315-317

38 Huo TI, Huang YH, Wu JC, Lee PC, Chang FY, Lee SD. Survival
benefit of cirrhotic patients with hepatocellular carcinoma treated
by percutaneous ethanol injection as a salvage therapy. Scand J
Gastroenterol 2002; 37: 350-355

39 Ishii H, Okada S, Nose H, Okusaka T, Yoshimori M, Takayama
T, Kosuge T, Yamasaki S, Sakamoto M, Hirohashi S. Local recur-
rence of hepatocellular carcinoma after percutaneous ethanol
injection. Cancer 1996; 77: 1792-1796

40 Koda M, Murawaki Y, Mitsuda A, Ohyama K, Horie Y, Suou T,
Kawasaki H, Ikawa S. Predictive factors for intrahepatic recur-
rence after percutaneous ethanol injection therapy for small hepa-
tocellular carcinoma. Cancer 2000; 88: 529-537

41 Livraghi T. Role of percutaneous ethanol injection in the treat-
ment of hepatocellular carcinoma. Dig Dis 2001; 19: 292-300

42 Livraghi T. Percutaneous ethanol injection in the treatment of
hepatocellular carcinoma in cirrhosis. Hepatogastroenterology 2001;
48: 20-24

43 Allgaier HP, Deibert P, Olschewski M, Spamer C, Blum U, Gerok
W, Blum HE. Survival benefit of patients with inoperable hepa-
tocellular carcinoma treated by a combination of transarterial
chemoembolization and percutaneous ethanol injection - a single-
center analysis including 132 patients. Int J Cancer 1998; 79: 601-
605

44 Teratani T, Ishikawa T, Shiratori Y, Shiina S, Yoshida H, Imamura
M, Obi S, Sato S, Hamamura K, Omata M. Hepatocellular carci-
noma in elderly patients: beneficial therapeutic efficacy using
percutaneous ethanol injection therapy. Cancer 2002; 95: 816-823

45 Livraghi T, Giorgio A, Marin G, Salmi A, de Sio I, Bolondi L,
Pompili M, Brunello F, Lazzaroni S, Torzilli G. Hepatocellular
carcinoma and cirrhosis in 746 patients: long-term results of per-
cutaneous ethanol injection. Radiology 1995; 197: 101-108

46 Dimitrakopoulou-Strauss A, Strauss LG, Gutzler F, Irngartinger
G, Kontaxakis G, Kim DK, Oberdorfer F, van Kaick G. Pharmaco-
kinetic imaging of 11C ethanol with PET in eight patients with
hepatocellular carcinomas who were scheduled for treatment with
percutaneous ethanol injection. Radiology 1999; 211: 681-686

47 Tanaka K, Nakamura S, Numata K, Kondo M, Morita K, Kitamura
T, Saito S, Kiba T, Okazaki H, Sekihara H. The long term efficacy
of combined transcatheter arterial embolization and percutane-
ous ethanol injection in the treatment of patients with large hepa-
tocellular carcinoma and cirrhosis. Cancer 1998; 82: 78-85

48 Koda M, Murawaki Y, Mitsuda A, Oyama K, Okamoto K, Idobe
Y, Suou T, Kawasaki H. Combination therapy with transcatheter
arterial chemoembolization and percutaneous ethanol injection
compared with percutaneous ethanol injection alone for patients
with small hepatocellular carcinoma: a randomized control study.
Cancer 2001; 92: 1516-1524

49 Lencioni R, Paolicchi A, Moretti M, Pinto F, Armillotta N, Di
Giulio M, Cicorelli A, Donati F, Cioni D, Bartolozzi C. Combined
transcatheter arterial chemoembolization and percutaneous etha-

Qian J et al. Combined interventional therapies of HCC         1889



nol injection for the treatment of large hepatocellular carcinoma:
local therapeutic effect and long-term survival rate. Eur Radiol
1998; 8: 439-444

50 Kirchhoff  T ,  Chavan A,  Galanski M.  Transarteria l
chemoembolization and percutaneous ethanol injection therapy
in patients with hepatocellular carcinoma. Eur J Gastroenterol
Hepatol 1998; 10: 907-909

51 Lencioni R, Cioni D, Donati F, Bartolozzi C. Combination of
interventional therapies in hepatocellular carcinoma.
Hepatogastroenterology 2001; 48: 8-14

52 Kamada K, Kitamoto M, Aikata H, Kawakami Y, Kono H, Imamura
M, Nakanishi T, Chayama K. Combination of transcatheter arterial
chemoembolization using cisplatin-lipiodol suspension and percu-
taneous ethanol injection for treatment of advanced small hepato-
cellular carcinoma. Am J Surg 2002; 184: 284-290

53 Acunas B, Rozanes I. Hepatocellular carcinoma: treatment with
transcatheter arterial chemoembolization. Eur J Radiol 1999; 32:
86-89

54 Allgaier HP, Galandi D, Zuber I, Blum HE. Radiofrequency ther-
mal ablation of hepatocellular carcinoma. Dig Dis 2001; 19: 301-310

55 Curley SA, Izzo F. Radiofrequency ablation of hepatocellular
carcinoma. Minerva Chir 2002; 57: 165-176

56 Livraghi T, Goldberg SN, Lazzaroni S, Meloni F, Ierace T, Solbiati
L, Gazelle GS. Hepatocellular carcinoma: radio-frequency abla-
tion of medium and large lesions. Radiology 2000; 214: 761-768

57 Shibata T, Iimuro Y, Yamamoto Y, Maetani Y, Ametani F, Itoh
K, Konishi J. Small hepatocellular carcinoma: comparison of ra-
dio-frequency ablation and percutaneous microwave coagula-
tion therapy. Radiology 2002; 223: 331-337

58 Buscarini L, Buscarini E, Di Stasi M, Vallisa D, Quaretti P, Rocca
A. Percutaneous radiofrequency ablation of small hepatocellu-
lar carcinoma: long-term results. Eur Radiol 2001; 11: 914-921

59 Bowles BJ, Machi J, Limm WM, Severino R, Oishi AJ, Furumoto
NL, Wong LL, Oishi RH. Safety and efficacy of radiofrequency
thermal ablation in advanced liver tumors. Arch Surg 2001; 136:
864-869

60 Ikeda M,  Okada S, Ueno H, Okusaka T, Kuriyama H.
Radiofrequency ablation and percutaneous ethanol injection in
patients with small hepatocellular carcinoma: a comparative
study. Jpn J Clin Oncol 2001; 31: 322-326

61 Jiang HC, Liu LX, Piao DX, Xu J, Zheng M, Zhu AL, Qi SY, Zhang
WH, Wu LF. Clinical short-term results of radiofrequency abla-
tion in liver cancers. World J Gastroenterol 2002; 8: 624-630

62 Yamasaki T, Kurokawa F, Shirahashi H, Kusano N, Hironaka K,
Okita K. Percutaneous radiofrequency ablation therapy with com-
bined angiography and computed tomography assistance for pa-
tients with hepatocellular carcinoma. Cancer 2001; 91: 1342-1348

63 Buscarini L, Buscarini E, Di Stasi M, Quaretti P, Zangrandi A.
Percutaneous radiofrequency thermal ablation combined with
transcatheter arterial embolization in the treatment of large hepa-
tocellular carcinoma. Ultraschall Med 1999; 20: 47-53

64 Bloomston M, Binitie O, Fraiji E, Murr M, Zervos E, Goldin S,
Kudryk B, Zwiebel B, Black T, Fargher S, Rosemurgy AS.
Transcatheter arterial chemoembolization with or without
radiofrequency ablation in the management of patients with ad-
vanced hepatic malignancy. Am Surg 2002; 68: 827-831

65 Kurokohchi K, Watanabe S, Masaki T, Hosomi N, Funaki T,
Arima K, Yoshida S, Nakai S, Murota M, Miyauchi Y, Kuriyama
S. Combination therapy of percutaneous ethanol injection and
radiofrequency ablation against hepatocellular carcinomas dif-
ficult to treat. Int J Oncol 2002; 21: 611-615

66 Kurokohchi K, Watanabe S, Masaki T, Hosomi N, Funaki T,
Arima K, Yoshida S, Miyauchi Y, Kuriyama S. Combined use of
percutaneous ethanol injection and radiofrequency ablation for
the effective treatment of hepatocellular carcinoma. Int J Oncol
2002; 21: 841-846

67 Nicoli N, Casaril A, Marchiori L, Mangiante G, Hasheminia AR.
Treatment of recurrent hepatocellular carcinoma by radiofrequency
thermal ablation. J Hepatobiliary Pancreat Surg 2001; 8: 417-421

68 Horigome H, Nomura T, Saso K, Itoh M. Standards for selecting
percutaneous ethanol injection therapy or percutaneous micro-
wave coagulation therapy for solitary small hepatocellular
carcinoma: consideration of local recurrence. Am J Gastroenterol
1999; 94: 1914-1917

69 Seki T, Tamai T, Nakagawa T, Imamura M, Nishimura A,

Yamashiki N, Ikeda K, Inoue K. Combination therapy with
transcatheter arterial chemoembolization and percutaneous mi-
crowave coagulation therapy for hepatocellular carcinoma. Can-
cer 2000; 89: 1245-1251

70 Ishikawa M, Ikeyama S, Sasaki K, Sasaki K, Miyauchi T, Fukuda
Y, Miyake H, Harada M, Terashima Y, Yogita S, Tashiro S. Intra-
operative microwave coagulation therapy for large hepatic
tumors. J Hepatobiliary Pancreat Surg 2000; 7: 587-591

71 Izumi N, Asahina Y, Noguchi O, Uchihara M, Kanazawa N,
Itakura J, Himeno Y, Miyake S, Sakai T, Enomoto N. Risk factors
for distant recurrence of hepatocellular carcinoma in the liver
after complete coagulation by microwave or radiofrequency
ablation. Cancer 2001; 91: 949-956

72 Vogl TJ, Mack MG, Roggan A, Straub R, Eichler KC, Muller PK,
Knappe V, Felix R. Internally cooled power laser for MR-guided
interstitial laser-induced thermotherapy of liver lesions: initial
clinical results. Radiology 1998; 209: 381-385

73 Vogl TJ, Muller PK, Hammerstingl R, Weinhold N, Mack MG,
Philipp C, Deimling M, Beuthan J, Pegios W, Riess H. Malignant
liver tumors treated with MR imaging-guided laser-induced
thermotherapy: technique and prospective results. Radiology 1995;
196: 257-265

74 Pacella CM, Bizzarri G, Cecconi P, Caspani B, Magnolfi F,
Bianchini A, Anelli V, Pacella S, Rossi Z. Hepatocellular
carcinoma: long-term results of combined treatment with laser
thermal ablation and transcatheter arterial chemoembolization.
Radiology 2001; 219: 669-678

75 Vogl TJ, Muller PK, Mack MG, Straub R, Engelmann K, Neuhaus
P. Liver metastases: interventional therapeutic techniques and
results, state of the art. Eur Radiol 1999; 9: 675-684

76 Leung SW, Huang EY, Cheng YF, Lu SN. Conformal radiation
therapy for hepatoma with portal vein thrombosis. Br J Radiol
2000; 73: 550-552

77 Seong J, Keum KC, Han KH, Lee DY, Lee JT, Chon CY, Moon YM,
Suh CO,  Kim GE.  Co mbined transcatheter ar teria l
chemoembolization and local radiotherapy of unresectable hepa-
tocellular carcinoma. Int J Radiat Oncol Biol Phys 1999; 43: 393-397

78 Seong J, Park HC, Han KH, Lee DY, Lee JT, Chon CY, Moon YM,
Suh CO. Local radiotherapy for unresectable hepatocellular carci-
noma patients who failed with transcatheter arterial
chemoembolization. Int J Radiat Oncol Biol Phys 2000; 47: 1331-1335

79 Guo WJ, Yu EX. Evaluation of combined therapy with
chemoembolization and irradiation for large hepatocellular
carcinoma. Br J Radiol 2000; 73: 1091-1097

80 Tazawa J, Maeda M, Sakai Y, Yamane M, Ohbayashi H,
Kakinuma S, Miyasaka Y, Nagayama K, Enomoto N, Sato C.
Radiation therapy in combination with transcatheter arterial
chemoembolization for hepatocellular carcinoma with extensive
portal vein involvement. J Gastroenterol Hepatol 2001; 16: 660-665

81 Chia-Hsien Cheng J, Chuang VP, Cheng SH, Lin YM, Cheng TI,
Yang PS, Jian JJ, You DL, Horng CF, Huang AT. Unresectable
hepatocellular carcinoma treated with radiotherapy and/or
chemoembolization. Int J Cancer 2001; 96: 243-252

82 Cheng JC, Chuang VP, Cheng SH, Huang AT, Lin YM, Cheng
TI, Yang PS, You DL, Jian JJ, Tsai SY, Sung JL, Horng CF. Local
radiotherapy with or without transcatheter arterial
chemoembolization for patients with unresectable hepatocellu-
lar carcinoma. Int J Radiat Oncol Biol Phys 2000; 47: 435-442

83 Raoul JL, Guyader D, Bretagne JF, Heautot JF, Duvauferrier R,
Bourguet P, Bekhechi D, Deugnier YM, Gosselin M. Prospective
randomized trial of chemoembolization versus intra-arterial in-
jection of 131I-labeled-iodized oil in the treatment of hepatocel-
lular carcinoma. Hepatology 1997; 26: 1156-1161

84 Yasuda S, Ito H, Yoshikawa M, Shinozaki M, Goto N, Fujimoto
H, Nasu K, Uno T, Itami J, Isobe K, Shigematsu N, Ebara M, Saisho
H. Radiotherapy for large hepatocellular carcinoma combined
with transcatheter arterial embolization and percutaneous etha-
nol injection therapy. Int J Oncol 1999; 15: 467-473

85 Kountouras J, Boura P, Kouklakis G. Locoregional immunochem-
otherapy in hepatocellular carcinoma. Hepatogastroenterology
2002; 49: 1109-1112

86 Sato T. Locoregional immuno(bio)therapy for liver metastases.
Semin Oncol 2002; 29: 160-167

87 Uehara K, Ichida T, Sugahara S, Ishikawa T, Yamagiwa S, Yoshida
Y, Nomoto M, Katoh M, Satoh H, Watanabe H, Abo T, Asakura

1890            ISSN 1007-9327    CN 14-1219/ R    World J Gastroenterol    September 15, 2003   Volume 9   Number 9



H. Systemic administration of liposome-encapsulated OK-432
prolongs the survival of rats with hepatocellular carcinoma
through the induction of IFN-gamma-producing hepatic
lymphocytes. J Gastroenterol Hepatol 2002; 17: 81-90

88 Nio Y, Nagami H, Tamura K, Tsubono M, Nio M, Sato M,
Kawabata K, Hayashi H, Shiraishi T, Imai S, Tsuchitani T,
Mizuta J, Nakagawa M, Fukumoto M. Multi-institutional ran-
domized clinical study on the comparative effects of intracavital
chemotherapy alone versus immunotherapy alone versus
immunochemotherapy for malignant effusion. Br J Cancer 1999;
80: 775-785

89 Oka M, Hazama S, Yoshino S, Shimoda K, Suzuki M, Shimizu R,
Yano K, Nishida M, Suzuki T. Intraarterial combined immunoc-
hemotherapy for unresectable hepatocellular carcinoma: prelimi-
nary results. Cancer Immunol Immunother 1994; 38: 194-200

90 Yoshida T, Sakon M, Umeshita K, Kanai T, Miyamoto A, Takeda
T, Gotoh M, Nakamura H, Wakasa K, Monden M. Appraisal of
transarterial immunoembolization for hepatocellular carcinoma:
a clinicopathologic study. J Clin Gastroenterol 2001; 32: 59-65

91 Kanai T, Monden M, Sakon M, Gotoh M, Umeshita K, Hasuike
Y, Nakano H, Monden T, Murakami T, Nakamura H. New de-
velopment of transarterial immunoembolization (TIE) for therapy
of hepatocellular carcinoma with intrahepatic metastases. Can-
cer Chemother Pharmacol 1994; 33: 48-54

92 Gerolami R, Cardoso J, Bralet MP, Cuenod CA, Clement O, Tran
PL, Brechot C. Enhanced in vivo adenovirus-mediated gene trans-
fer to rat hepatocarcinomas by selective administration into the
hepatic artery. Gene Ther 1998; 5: 896-904

93 Shiba H, Okamoto T, Futagawa Y, Ohashi T, Eto Y. Efficient and
cancer-selective gene transfer to hepatocellular carcinoma in a
rat using adenovirus vector with iodized oil esters. Cancer Gene
Ther 2001; 8: 713-718

94 Seol JG, Heo DS, Kim HK, Yoon JH, Choi BI, Lee HS, Kim NK,
Kim CY. Selective gene _expression in hepatic tumor with trans-
arterial delivery of DNA/liposome/transferrin complex. In Vivo
2000; 14: 513-517

95 Iwazawa T, Chau GY, Mori T, Dookeran KA, Rubin JT, Watkins
S, Robbins PD, Lotze MT, Tahara H. Potent antitumor effects of
intra-arterial injection of fibroblasts genetically engineered to
express IL-12 in liver metastasis model of rat: no additional benefit
of using retroviral producer cell. Cancer Gene Ther 2001; 8: 17-22

96 Alfke H, Kalinowski M, Nocken F, Klose KJ. A review of mo-
lecular radiology. I: Gene therapy. Rofo Fortschr Geb Rontgenstr
Neuen Bildgeb Verfahr 2000; 172: 949-956

97 Kwon HC, Kim JH, Kim KC, Lee KH, Lee JH, Lee BH, Lee KH,
Jang JJ, Lee CT, Lee H, Kim CM. In vivo antitumor effect of her-
pes simplex virus thymidine kinase gene therapy in rat hepato-
cellular carcinoma: feasibility of adenovirus-mediated intra-ar-
terial gene delivery. Mol Cells 2001; 11: 170-178

98 Gerolami R, Cardoso J, Lewin M, Bralet MP, Sa Cunha A, Clem-
ent O, Brechot C, Tran PL. Evaluation of HSV-tk gene therapy in
a rat model of chemically induced hepatocellular carcinoma by
intratumoral and intrahepatic artery routes. Cancer Res 2000; 60:
993-1001

99 Humphreys MJ, Ghaneh P, Greenhalf W, Campbell F, Clayton
TM, Everett P, Huber BE, Richards CA, Ford MJ, Neoptolemos
JP. Hepatic intra-arterial delivery of a retroviral vector express-
ing the cytosine deaminase gene, controlled by the CEA promoter
and intraperitoneal treatment with 5-fluorocytosine suppresses
growth of colorectal liver metastases. Gene Ther 2001; 8: 1241-1247

100 Westphal JR, Ruiter DJ, De Waal RM. Anti-angiogenic treatment of
human cancer: pitfalls and promises. Int J Cancer 2000; 86: 870-873

101 Rosen L. Antiangiogenic strategies and agents in clinical trials.
Oncologist 2000; 5(Suppl 1): 20-27

102 Keshet E, Ben-Sasson SA. Anticancer drug targets: approach-
ing angiogenesis. J Clin Invest 1999; 104: 1497-1501

103 Tomanek RJ, Schatteman GC. Angiogenesis: new insights and
therapeutic potential. Anat Rec 2000; 261: 126-135

104 Burrows FJ, Thorpe PE. Vascular targeting-a new approach to
the therapy of solid tumors. Pharmacol Ther 1994; 64: 155-174

105 Folkman J. New perspectives in clinical oncology from angio-
genesis research. Eur J Cancer 1996; 32A: 2534-2539

106 Kuiper RA, Schellens JH, Blijham GH, Beijnen JH, Voest EE. Clini-
cal research on antiangiogenic therapy. Pharmacol Res 1998; 37: 1-16

107 Drixler TA, Voest EE, van Vroonhoven TJ, Rinkes IH. Angiogen-
esis and surgery: from mice to man. Eur J Surg 2000; 166: 435-446

108 Zetter BR. Angiogenesis and tumor metastasis. Annu Rev Med
1998; 49: 407-424

109 O’Reilly MS. The combination of antiangiogenic therapy with
other modalities. Cancer J 2002; 8(Suppl 1): 89-99

110 Kim YB, Park YN, Park C. Increased proliferation activities of
vascular endothelial cells and tumour cells in residual hepato-
cellular carcinoma following transcatheter arterial embolization.
Histopathology 2001; 38: 160-166

111 Mugitani T, Taniguchi H, Takada A, Yamaguchi A, Masuyama
M, Hoshima M, Takahashi T. TNP-470 inhibits collateralization
to complement the anti-tumour effect of hepatic artery ligation.
Br J Cancer 1998; 77: 638-642

112 Charnsangavej C, Chuang VP, Wallace S, Soo CS, Bowers T. Work
in progress: transcatheter management of primary carcinoma of
the liver. Radiology 1983; 147: 51-55

113 Ogawa H, Sato Y, Kondo M, Takahashi N, Oshima T, Sasaki F,
Une Y, Nishihira J, Todo S. Combined treatment with TNP-470
and 5-fluorouracil effectively inhibits growth of murine colon
cancer cells in vitro and liver metastasis in vivo. Oncol Rep 2000; 7:
467-472

114 Figg WD, Pluda JM, Lush RM, Saville MW, Wyvill K, Reed E,
Yarchoan R. The pharmacokinetics of TNP-470, a new angiogen-
esis inhibitor. Pharmacotherapy 1997; 17: 91-97

115 Yanai S, Okada H, Saito K, Kuge Y, Misaki M, Ogawa Y, Toguchi
H. Antitumor effect of arterial administration of a medium-chain
triglyceride solution of an angiogenesis inhibitor, TNP-470, in
rabbits bearing VX-2 carcinoma. Pharm Res 1995; 12: 653-657

116 Yanai S, Okada H, Misaki M, Saito K, Kuge Y, Ogawa Y, Toguchi
H. Antitumor activity of a medium-chain triglyceride solution
of the angiogenesis inhibitor TNP-470 (AGM-1470) when admin-
istered via the hepatic artery to rats bearing Walker 256 carcino-
sarcoma in the liver. J Pharmacol Exp Ther 1994; 271: 1267-1273

117 Kamei S, Okada H, Inoue Y, Yoshioka T, Ogawa Y, Toguchi H.
Antitumor effects of angiogenesis inhibitor TNP-470 in rabbits
bearing VX-2 carcinoma by arterial administration of microspheres
and oil solution. J Pharmacol Exp Ther 1993; 264: 469-474

118 Zheng C, Feng G, Liang H. Bletilla striata as a vascular embolizing
agent in interventional treatment of primary hepatic carcinoma.
Chin Med J 1998; 111: 1060-1063

119 Feng XS, Qiu FZ, Xu Z. Experimental studies of embolization of
different hepatotropic blood vessels using Bletilla striata in dogs.
J Tongji Med Univ 1995; 15: 45-49

120 Qian J, Feng G, Liang H. Action of DDPH in the interventional
treatment of portal hypertension induced by liver cirrhosis in
rabbits. J Tongji Med Univ 1998; 18: 108-112

121 Zheng C, Feng G, Zhou R. New use of Bletilla striata as
embolizing agent in the intervention treatment of hepatic
carcinoma. Zhonghua Zhongliu Zazhi 1996; 18: 305-307

122 Feng G, Kramann B, Zheng C, Zhou R. Comparative study on
the long-term effect of permanent embolization of hepatic artery
with Bletilla striata in patients with primary liver cancer. J Tongji
Med Univ 1996; 16: 111-116

Edited by Zhu LH and Wang XL

Qian J et al. Combined interventional therapies of HCC         1891


