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Hepatocellular Carcinoma: the Curative Attempts 

Yongsong Guan∗  

Abstract: Objective The curative result or long-term survival of hepatocellular carcinoma (HCC) has been 
pursued ever since its discovery even most of the cases are evaluated as absolute-non-cure before their 
management. A number of treatment approaches have been applied and option for a certain case is absolutely 
necessary. The objective of this article is to evaluate today’s treatment methods and find some information for the 
option. Methods The characteristics of most of these approaches are studied and compared for their role in the 
curative management. The key points, advantages and disadvantages of these approaches are discussed. Results 
Current treatments fall into categories of surgical, percutaneous, chemical and physical as well as biomedical ones. 
Different modes of regional cancer therapy for HCC have been tried, but the relative efficacy remains unclear. 
Anti-angiogenic agents, gene therapy and tumor vaccine will probably play a role, particularly in the prevention of 
tumor recurrence. Some issues remain to be solved. Conclusion For the recent future, the ideal strategy for 
curative results might be the establishment of a comprehensive way of combined approaches.  
Key words: hepatocellular carcinoma; treatment; curative; approaches 

INTRODUCTION 

Hepatocellular carcinoma (HCC) is one of the most common malignancies in China and Southeast Asia [1]. It 
occurs with great frequency in Asia and Africa and is becoming more common in the United States as a 
complication of chronic Hepatitis C. Its mortality is secondary to lung cancer in urban and gastric carcinoma in 
countryside in China [2]. However, the curative result or long-term survival has been pursued ever since its 
discovery even most of the cases are evaluated as absolute-non-cure before their management [3-6]. Until now, 
many therapeutic approaches have been applied clinically such as surgery, interventional or micro-traumatic 
techniques, physical or chemical methods as well as biomedic al pathways. Numerous variables could influence 
the prognosis or recurrence of HCC, including tumor size and number, parameters of hepatic function and 
combined therapies [5].  For single tumors smaller than 5 cm or up to three nodules smaller than 3 cm, surgical 
resection, liver transplantation and percutaneous treatment may offer good anti-tumoral results, as well as 
improved patient survival [6]. An overall consideration must be made before we take the choice of a therapeutic 
tool to cure the patient.  

CONTEMPORARY TOOLS 

A number of approaches have been applied to treat HCC, with the list ever being increasing: surgical removal, 
cryosurgery, liver transplantation, transcatheter arterial embolization (TAE) or transcatheter arterial 
chemoembolization (TACE), percutaneous ethanol injection(PEI), radiofrequency ablation (RFA), radiation 
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therapy, systemic chemotherapy[7], laser-induced interstitial thermotherapy[8], percutaneous microwave 
coagulation (PMC)[9], high-intensity focused ultrasound (HIFU) [10], implantation of irradiative particles [11], natural 
herbs and extracts [12], immunotherapy[4, 13], gene therapy[14] and supportive care.    

SURGERY 

Partial resection or entire liver transplantation gives the expectation of permanent cure and long-term 
survival. Although resection has been enjoying the popularity of curative for a long time, the resection rate still 
remains less than 20% and the recurrence rate after a “radical” or curative resection persists to more than 77% 
within 2 years. But transplantation for a long-term survival has been challenged by the embarrassment of delayed 
remote metastases. Cryotherapy has gained importance as a locally ablative treatment option for patients with 
non-resectable liver tumors manifested during the laparotomy [15, 16].  
1. Partial hepatectomy  

Surgeries have been used for the treatment of primary tumors, intrahepatic recurrences, peritoneal 
recurrences and needle tract implantation caused by the percutaneous needle biopsy. Repeated aggressive 
surgeries could provide good local control [17]. Sometimes the resection is limited [18]. On multivariate analysis, 
hypoalbuminemia, thrombocytopenia, elevated serum creatinine, major hepatic resection, and transfusion are the 
significant predictors of hospital mortality, whereas concomitant extrahepatic procedure, thrombocytopenia, and 
transfusion are the predictors of morbidity. And reduced perioperative transfusion is the main contributory factor 
for improved outcome [19]. In selected patients without cirrhosis, HCC can be treated successfully by surgical 
resection, independent of the tumor diameter; the 5-year survival rate can reach to 68% [20]. An animal experiment 
demonstrated that liver lobectomy should be recommended for massive HCC because tumor-related mortality rate 
was more than a dozen times higher in the non-surgery group, compared with the surgery group [21]. 
2. Liver transplantation 

The association of HCC and chronic hepatitis C virus (HCV) infection has been identified as a potential 
contraindication for orthotopic liver transplantation (LT) because of lower survival rate compared with other 
indications. An author investigated a large cohort of U.S. patients, and concluded that HCC does not have an 
impact on the survival of LT patients infected with HCV [22].For Child class B and C patients with a small HCC, 
LT offers the best results. Living donor LT should be considered using the same criteria as that used for cadaveric 
transplantation [23]. 
3. Cryosurgery 

The trauma of the procedure and local treatment failure need to be minimized and survival results need to be 
optimized. Cryotherapy has been used via the laparotomized and laparoscopic approaches while more and more 
cases are treated in the percutaneous way [24-27]. The only radical modality of treatment is still anatomical resection 
of the liver. Investigations are under way designed to study efficiency of thermo-(cryo) destruction of solitary and 
single liver metastases if surgical resection is beyond the bounds of possibility [25]. Cryosurgery can be employed 
in patients with unresectable hepatic metastases when the tumor size and the number of metastases are limited. 
However, local recurrence can result from incomplete ablation. Cytoablation of hepatic metastases can be safely 
achieved with combined hepatic resection and cryosurgery in selected patients [26-29]. Nitrous oxide [30], liquid 
nitrogen [31] and argon gas have been used as cryogens. Intraoperative sonography provides a guidance modality to 
accurately place cryosurgery probes in liver masses. Tumor recurrence can be detected well with computed 
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tomography or magnetic resonance imaging following hepatic cryosurgery [32]. 

INTERVENTIONAL OR MICRO-TRAUMATIC PERCUTANEOUS TECHNIQUES 

Apart from TACE, several local ablative techniques have been developed, aiming to produce selective tumor 
destruction and thus increase the rate of patients amenable to curative-intent treatments [28]. Among these 
techniques, cryoablation and radiofrequency ablation only have proven to have a curative potential, while 
transarterial chemoembolization and alcohol injection should be considered as palliative options only [29]. 
Percutaneous hepatic cryoablation in combination with PEI has been used in patients with unresectable HCC [27]. 
Pre-transplant therapy such as TACE, PEI and RFA may be needed to sustain patients who are waiting for donor 
livers [30-35]. 
1. TAE or TACE   

Embolization or chemoembolization are therapeutic alternatives for patients who do not benefit from curative 
therapies [6, 35]. For patients without distant metastasis, regardless of the resectability of the primary tumor, TACE 
may be considered the initial and only preoperative treatment, and it may be repeated [34]. TACE combined with 
percutaneous injection of chemical agents and acetic acids is efficacious to increase the survival rate of patients 
with HCC [36]. There is limited evidence and consensus regarding optimal choice and dosage of chemical agents 
utilized for hepatic artery chemoembolization [37]. Some author concluded that TAE has a higher antitumor effect 
than TAI, but does not significantly improve the survival of patients with HCC [38]. Parameters include (a) 
methods selected for catheter placement; (b) embolic materials used, details of embolized arteries, and frequency 
of recanalization; (c) ability to prevent gastrointestinal symptoms by avoiding inflow of anticancer drugs into 
extrahepatic adjacent organs and to maintain distribution of contrast agents in liver, as well as management of 
difficulties encountered; (d) complications related to catheter system implantation or to long-term TACE and 
management of such complications; and (e) final success in performing scheduled TACE while maintaining 
distribution over liver via a single route without gastrointestinal symptoms caused by inflow of anticancer 
drugs [6,39]. Vascular administration of adenoviral vector soaked in absorbable gelatin sponge particles has been 
employed in animals [40].  
2. PEI   

Ablation of liver tumors is currently the main alternative to formal liver resection [41]. PEI is a procedure of 
easy execution, good tolerability and low cost, which can be applied during repeated sessions [6]. PEI may provide 
long-term disease control if the extent of liver tumors is limited (3 or less in number and less than 3 cm in 
diameter) [7]. Quantified ethanol at intervals of 3-5 d could improve the curative effect of hepatocarcinoma. The 
treatment efficacy is more remarkable for tumors < or =3 cm in diameter [42]. Conventional PEI can be combined 
with percutaneous intraarterial ethanol injection but severe complications could occur such as liver abscess and 
fatal acute pancreatitis [43]. As one of the multimodal interventional therapies, PEI still represents a safe and 
economically sound treatment for HCC [44-46]. Percutaneous acetic acid injection (PAI) is also effective as a 
loco-regional therapy for HCC, and percutaneous hot water injection therapy (PHoT) has been devised for the 
heat coagulation necrosis effect of boiled hot saline [33, 47, 48].  Combined PAI and RFA were able to increase the 
diameter of coagulation necrosis without significantly increasing complications [49]. PAI and PEI are equally 
effective in the treatment of HCC [50]. For small HCC, either PAI or TACE therapy could be recommended as the 
primary treatment modality [33,51] and induction of complete tumor necrosis may reduce intrahepatic metastasis 
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and prolong survival [52]. Recent studies have shown that RFA can achieve more effective local tumor control than 
PEI [53]. In an animal model, acetic acid produced significantly larger zones of tumor coagulation compared with 
ethanol when injected into VX2 carcinoma in equal volumes [54]. Monitoring acetic acid mixed with iodinated 
contrast agent on fluoroscopy can detect extratumoral diffusion and may optimize its distribution [55]. PEI is a 
useful alternative where RFA is unavailable [56]. Persistent retention of acetic acid is associated with a favorable 
response and may predict complete tumor necrosis [57]. Sequential therapy with TACE and PAI is superior to 
repeated PAI alone for patients with large HCC [58] and combined with percutaneous injection of chemical agents 
is also beneficial [36]. 
3. Percutaneous cryoablation    

It is one of the ablative techniques that offer a promising therapeutic modality [59]. This therapy combined 
with TACE is a choice of treatment for liver carcinoma [29]. Percutaneous cryoablation offers a safe and possibly 
curative treatment option for patients with HCC that cannot be surgically removed, and its integration with PEI, 
may serve as an alternative to partial liver resection in selective patients [27]. 
4. Interstitial laser photocoagulation (ILP) 

Similar to radiofrequency, this is another image-guided thermal ablation method [9, 60, 61], and combined with 
temporary hepatic artery occlusion during a single session has been used as an effective local treatment [62]. It 
appears that there is little difference in outcome between RFA and ILP, but prospective, randomized studies are 
needed [63, 64]. 
5. RFA   

It is one of the image-guided thermal ablation methods [9]. Two major limitations for radiofrequency are, first, 
the risk to provoke heat biliary lesion in case of tumors located proximally to hilar plate, and second, the risk of 
insufficient ablation due to a cooling effect [28]. RFA is the preferred local ablation therapy for most small HCC 
[56]. Addition of PAI to RFA substantially increases tumor destruction compared with RFA or injection therapy 
alone [51]. RFA seems a potentially promising technique for the treatment of small hepatocellular carcinoma and 
more randomised clinical trials are needed [65, 66]. However, its use is restricted by the difficulty encountered when 
using imaging studies to monitor the areas of ablation during and after the procedure [64].  
6. PMC   

Because PMC is indicated as an alternative to resection for hepatocellular carcinoma patients with advanced 
liver cirrhosis, intrahepatic recurrences are frequent [9]. The heat causes coagulation, followed by cellular death as 
soon as the temperature in the target area exceeds 60 degrees C [56]. The rate of side effects do not differ 
significantly from other interventions, but significantly more treatment sessions are needed with percutaneous 
microwave coagulation to achieve complete tumor ablation [65]. 
7. HIFU 

HIFU is a noninvasive treatment modality that induces complete coagulative necrosis of a deep tumor 
through the intact skin [10]. Some author concluded that HIFU could enhance a systemic antitumor cellular 
immunity in addition to local tumor destruction in patients with solid malignancies [67] and that patients 
undergoing complete HIFU ablation may demonstrate conversion from presence to absence of circulating 
tumor-specific marker mRNA so HIFU would not enhance the potential risk of metastasis in patients with 
malignant diseases [68]. HIFU appears to be effective, safe, and feasible in the treatment of patients with HCC [10], 
but the curative effect remains to be observed and the combined use of HIFU with other modalities such as TACE 
worth trying. 
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8. Implantation of irradiative particles 
CT-guided brachytherapy displays broader indications compared to RFA or ILA [11]. Several sources have 

been applied such as Iridium-192((192) Ir) [11] and Yttrium-90 ((90)Y) [69-71]. Radioactive microsphere (90)Y 
therapy is increasingly used for primary and metastatic solid tumors in the liver. Microsphere agents (glass or 
resin) consist of yttrium-90 (a pure beta emitter) microspheres, which are injected into the hepatic arteries with 
resulting high total doses of radiation, preferentially in the periphery of tumors. Normal liver parenchyma showed 
little radiation effect away from the tumors. Heterogeneous high-dose regions in the tumor were produced by both 
glass and resin microspheres. CT-guided brachytherapy alone or in combination with laser-induced thermotherapy 
(LITT) has been used in patients with liver malignancies. Three-dimensional CT data for dosimetry is safe and 
effective [72]. 
9. Electrolysis 

Electrolysis has been used for the treatment of non-resectable HCC [73], and compared with other established 
and experimental ablation procedures [59]. Electrolysis is slower than other forms of ablative therapy. However, it 
is reliable and predictable in producing hepatic necrosis in a dose-dependent manner [74]. Electrolysis is a 
non-thermal technique and shows to be safe and effective in close proximity to major intrahepatic veins due to a 
subtle electrochemical action rather than a rapid "burn" when a single awkwardly placed metastasis deems a 
patient unresectable [75]. And it could reduce the risk of systemic inflammatory response, acute respiratory distress 
syndrome and other immune response mediated end-organ damage not as other ablative methods are limited by 
the development of a systemic inflammatory response mediated by cytokines such as interleukin-8 (IL-8) and 
tumor necrosis factor alpha (TNF-alpha) [76]. Under general anesthesia, electrolysis is presently limited to tumors 
smaller than 5 cm, due to the protracted nature of its administration  [77]. 

PHYSICAL AND CHEMICAL METHODS 

Some of them have shifted to the interventional ones such as thermotherapy and cryotherapy. And this cancer 
seems to be stubborn as it is resistant to any chemical agents developed until now.  
1. Radiotherapy   

Radiotherapy has been used mostly as a salvage therapy in combination with other locoregional modalities. 
Despite the incorporation of 3-dimensional conformal technology, radiation-induced liver injury remains an 
important problem, especially for patients with hepatitis B-related cirrhosis [7]. 3-Dimensional conformal 
hypofractionated single high-dose radiotherapy combined with TACE has been evaluated in the treatment of 
portal vein tumor thrombus in unresectable HCC patients [78]. Currently, various radiation technologies have been 
adopted for the radiotherapy of HCC, and advanced systems are primarily based on the concept of radiosurgery by 
the rapid developments in technical strategy for radiation oncology [79]. Intra-arterial radiation therapy with 
131I-lipiodol is a useful therapeutic approach, and new materials such as labelling of lipiodol with 188Re-SSS 
(188Re (S2CPh) (S3CPh)2 complex) are being tested in animals [80]. Although the limited radiation tolerance of 
the adjacent normal liver has prohibited wider use of radiation therapy in this disease, modern radiation therapy 
modalities and concepts such as intensity-modulated, image-guided, and stereotactic body radiation therapy are 
considered as future treatment alternatives [81]. Phase II trial has been undertaken to determine the efficacy and 
toxicity of proton beam radiotherapy for patients with locally unresectable hepatocellular carcinoma [82]. 
2. Chemotherapy  
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Systemic therapy is difficult for HCC because of the underlying cirrhosis and accompanying hypersplenism 
and peripheral cytopenia. HCC is typically resistant to most cytotoxic agents [7]. For patients with distant 
metastases, however, their complete eradication with systemic chemotherapy prior to TACE is essential [34]. No 
survival advantages have been demonstrated with intra-arterial or systemic chemotherapy, hormonal compounds, 
or radiation [83].Future research on drug therapy for HCC will focus on identification of tumor-specific targets [7]. 
New agents, such as inhibitors of the tyrosine kinase receptors of growth factors and antiangiogenic agents, are 
currently being tested in phase II/III trials [83]. Better chemopreventive and chemotherapeutic treatments are being 
investigated [84-88]. 

BIOMEDICAL APPROACHES 

1. Biochemical modulation 
Biochemical modulation with high-dose tamoxifen may sensitize HCC cells to doxorubicin-induced 

apoptosis and improve the clinical response to doxorubicin in patients with advanced HCC [7] but did not prove to 
be useful in improving the quality of life [6]. Tamoxifen also has anti-estrogenic activity. Thalidomide, which 
inhibits angiogenesis induced by vascular endothelial growth factor and basic fibroblast growth factor, can 
produce a response in some HCC patients [7]. However, thalidomide mostly may offer HCC patients disease 
stabilization, monotherapy at the high doses studied cannot be recommended for the treatment of HCC in view of 
its significant neurologic toxicity [88]. Apoptosis in human hepatoma cells can be induced by Octreotide, a 
somatostatin analogue, which may be related to the mechanism of antineoplastic action of Octreotide in hepatoma 
[89]. Impaired glucose metabolism affects the growth rate of the tumor and postprandial hyperinsulinaemia is 
associated with accelerated its growth [90]. With long acting octreotide, complete regression of advanced HCC has 
been reported [91]. Modulation of the open time of the mitochondrial permeability transition pore which causes 
release of cytochrome c may result in cell death [92]. 
2. Hormonal therapy 

Hormonal therapy implies the treatment that adds, blocks or removes hormones; it is also called hormone 
therapy, hormone treatment, or endocrine therapy. Both estrogen and androgen receptors can be found on the 
membrane of HCC cells, theoretically justifying hormonal therapy for this type of neoplasia [6]. Hormone therapy 
with antioestrogens and androgens [66] has also been applied clinically. An anti-estrogenic activity has also been 
observed in the flavanone naringenin [85]. Antiandrogenic treatment with leuprorelin or flutamide has been 
investigated in male patients with advanced HCC, but no benefit in survival was found [93]. One study shows that 
megestrol acetate inhibited the growth of HepG2 cells grown in vitro and in vivo [94]. Trials of tamoxifen for HCC 
have conflicting results [95, 96]. 
3. Natural anti-tumor ingredients  

Up to now, searching for non-toxic and natural origin substances that induced the differentiation of cancer 
cells is a key for anticancer therapy [97].Some herbs have effects on tumor growth-inhibitory activity and cancer 
chemopreventive activity as potential cancer chemopreventive agents in humans [84]. Dietary powdered green tea 
had both antiproliferative activity toward hepatoma cells and hypolipidemic activity in the hepatoma bearing rats. 
The hepatoma-induced endogenous hyperlipidemia is characterized by rises in the serum cholesterol 
(hypercholesterolemia) and triglyceride (hypertriglyceridemia) levels [98]. Numerous natural ingredients contribute 
to the immunoenhancing and antitumor properties such as the leaves of Macaranga triloba [86] , antioxidants in 
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foods such as phenolic compounds and carotenoids [99,100], curcuminoids [101,102], resveratrol (a phytoalexin in 
grapes and red wine)  [103, 104], reishi [105], triterpenoids (ganoderic acid -R, -T, -U, -V, -W, -X, -Y, and -Z) [106,107], 
Korean red ginseng extract [108], polysaccharide-rich substance [109], saikosaponins [110], baicalin and baicalein [111], 
organic germanium [112], quercetin [113], beta-carotene [114], citrus bioflavonoid complex [115], bilberry extract [116], 
rutin [117], zinc [118], selenium [119], as well as compounds released in fermented milks [120]. Also effective are 
Chinese folk medicines such as Xiao Chai Hu Tang [121] and natural musk [122], one of the important ingredients of 
Pien Tze Huang - well known for its therapeutic activity in treating liver diseases. 
4. Immunotherapy 

Data suggest that maintenance of immune stimulation can significantly reduce the risk of cancer. Adoptive 
immunotherapy with lymphokine activated killer cells (LAK cells) is useful and effective for patients with 
multiple HCC [4]. One study suggests that the combined treatment with interferon-beta and perindopril resulted in 
a marked increase of apoptosis in the tumor, and might be an effective new strategy for chemoprevention against 
HCC [123]. Living BCG has been tried more than a decade ago [124], but with unsatisfactory progress. Harnessing 
the immune system to treat chronic diseases or cancer is a major goal of immunotherapy. Among others, 
impediments to this aim include host failure to identify tumor antigens, tolerance to self and negative 
immunoregulatory mechanisms [125]. Autologous cancer vaccines [126] and autologous lymphocytes [127] have been 
developed for immunotherapy. After decades of disappointment, active immunotherapy with vaccines, as well as 
passive immunotherapy using unmodified and armed monoclonal antibodies, is emerging as useful 
immunotherapeutic strategies [125]. The degree of hepatocellular dysfunction is known to be the main factor related 
to patient survival [6]. 
5. Genetics   

Gene therapy is one of the newest approaches to cancer treatment and is in the very early stages of clinical 
trials. There is the limitation of efficacy if the present product is administered by the intravenous route. 
Catheter-mediated hepatic arterial embolization increases transduction efficiency of adenoviral vector in 
hepatocytes [40]. There are different types of gene therapy [128-132]. One type involves putting back genes into 
cancer cells to induce apoptosis. Adenovirus-mediated p53 gene therapy and introduction of wild-type p53 into 
tumor cells represents a potentially valuable tool for the therapy of many types of human cancers [129]. Another 
type of gene therapy attempts to introduce a gene that can switch on a drug inside cancer cells. And new vectors of 
genes are being constructed and therapeutic effects improved for HCC [132, 133]. 

SUMMARY 

Surgical resection, liver transplantation and cryosurgery are considered the best curative options for HCC. 
Regional interventional therapies have led to a major breakthrough in the management of unresectable HCC [45], 
which occurs primarily in individuals with cirrhosis, a condition that increases the risk of performing potentially 
curative surgical therapy. However, the safety of surgical resections can be greatly improved because of advances 
in radiologic assessment, patient selection, and perioperative care [23].  Systemic chemotherapy is of uncertain 
benefit but widely applicable [66]. The relative efficacy of TAE/TACE, PEI, and other locoregional treatment 
modalit ies, such as radiofrequency ablation or cryosurgery, remains unclear [7]. Ablation technologies may be 
separated into three categories: chemical (PEI), cold-based (cryotherapy), and heat-based (RFA and microwave 
ablation or laser hyperthermia)  [41]. RFA seems to be the most promising form of thermal ablative therapy, but its 
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techniques need to be refined in order to achieve the same oncological radicality of malignant liver tumors as 
achieved by surgical resection [64]. 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 [45]. The present ultimate goal of treatment of HCC is to prolong the quality of life by 
eradicating the malignancy while preserving hepatic function [23]. No strong evidence could be found that any 
chemotherapy, hormonal therapy, or immunotherapy regimen trialed to date benefits survival in HCC [96, 134]. For 
the recent future, the ideal strategy for curative results might be the establishment of a comprehensive way of 
combined approaches. Future directions in ablation will include the use of adjunctive agents such as 
chemotherapeutics, further advances in energy delivery, improved imaging and lesion targeting [135], and continued 
refinements of current technology and technique [41, 136]. Serum albumin and alanine aminotransferase levels are 
significant independent predictors of recurrence. Achieving complete necrosis of HCC at first treatment to prevent 
local recurrence is important for improving the prognosis of patients with HCC. In addition, ameliorating hepatitis, 
by antiviral treatment for example, to maintain hepatic function is also important for improving both the prognosis 
and the prevention of the recurrence [5]. An early diagnosis of these tumors is of great importance in order to offer 
the possibility of curative treatment. For an early diagnosis, abdominal ultrasound and serum alpha-fetoprotein 
determinations at 6-month intervals are suggested for all patients with cirrhosis of the liver, since this disease is 
considered to be the main risk factor for the development of the neoplasia [6]. 
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