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Abstract
Hepatocellular carcinoma (HCC) is the fifth most 
common form of human cancer worldwide and the third
most common cause of cancer-related deaths. The 
strategies of various treatments for HCC depend on 
the stage of tumor, the status of patient’s performance 
and the reserved hepatic function. The Barcelona Clinic 
Liver Cancer (BCLC) staging system is currently used 
most for patients with HCC. For example, for patients 
with BCLC stage 0 (very early stage) and stage A (early 
stage) HCC, the curable treatment modalities, including 
resection, transplantation and radiofrequency ablation, 
are taken into consideration. If the patients are in BCLC 
stage B (intermediate stage) and stage C (advanced 
stage) HCC, they may need the palliative transarterial 
chemoembolization and even the target medication 
of sorafenib. In addition, symptomatic treatment is 
always recommended for patients with BCLC stage D 
(end stage) HCC. In this review, we will attempt to 
summarize the historical perspective and the current 
developments of systemic therapies in BCLC stage B 
and C in HCC.
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inhibitor that was the first systemic therapy in the world 
to improve the survival rate of patients with advanced 
hepatocellular carcinoma (HCC) in a phase Ⅲ trial. 
However, the overall outcomes are sometimes unsatis
factory and there is a need for second line therapies in 
patients with advanced HCC who still progress after the 
use of sorafenib. Novel systemic approaches are needed 
in advanced HCC.

Chen KW, Ou TM, Hsu CW, Horng CT, Lee CC, Tsai YY, Tsai 
CC, Liou YS, Yang CC, Hsueh CW, Kuo WH. Current systemic 
treatment of hepatocellular carcinoma: A review of the literature. 
World J Hepatol 2015; 7(10): 1412-1420  Available from: URL: 
http://www.wjgnet.com/1948-5182/full/v7/i10/1412.htm  DOI: 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a primary cancer of the 
liver with a rate of occurrence approximately up to 90%. 
Clinically, HCC is the fifth most common form of cancer 
worldwide and the third most common cause of cancer-
related deaths[1]. It is usually diagnosed as the advanced 
stage of the hepatic tumor and the median survival rate 
is poor (6-20 mo) when found[2]. The incidence and 
distribution of HCC varies widely among geographical 
locations and races in the world. For example, the 
incidence of HCC is highest in Asia and Africa. Now most 
doctors believe that the potential reason for the higher 
incidence rates of HCC is the prevalence of hepatitis 
B virus (HBV) and/or hepatitis C virus (HCV) which 
strongly predisposes to the development of chronic liver 
disease, liver cirrhosis and subsequently HCC[3]. In 1988, 
one large prospective HBV study in Taiwan robustly 
demonstrated that HBV is the primary cause of the high 
HCC incidence rate in regions of high HBV prevalence[4]. 
In Taiwan, nearly 5000 patients die from HCC every 
year. Although the newer treatment modalities have 
become more multivariate in recent years, the survival 
rates of patients with advanced HCC has still not 
significantly improved. The one year survival rate of 
treated patients with advanced HCC was around 25% 
in 1993 and 30% in 2003[5]. Until recently, there was no 
remarkable and effective medical therapy for patients 
with advanced HCC. To the best of our knowledge, HCC 
is a more aggressive tumor and the decision regarding 
therapeutic options often depends on the stage of this 
cancer and the patient’s hepatic reserve. A number 
of staging systems are available[2,6-8] but there is no 
worldwide consensus on a single system. For instance, 
the Child-Pugh (C-P) classification system and the model 
for end-stage liver disease score can be used to assess 
the patient’s hepatic reserve and liver function. Besides, 
the performance status (PS) of patients also needs to 
be taken into consideration. The Barcelona Clinic Liver 
Cancer staging and prognostic system accounts for 
variables related to tumor stage, physical performance, 

liver functional status, cancer-related symptoms and 
so on. It may provide the link between diseases and 
treatment strategies. Curative therapy, including 
various surgeries (e.g., hepatic resection and liver 
transplantation), locoregional therapies (percutaneous 
ethanol injection and radiofrequency ablation), have 
been proven to have better survival benefits in the 
very early and early stage of HCC (such as stage 0-A). 
However, the intermediate stage (i.e., stage B) of HCC 
comprises a highly heterogeneous patient population 
and therefore poses challenges for therapeutic 
management. A sub-classification B1-B4 was recently 
proposed, taking the C-P score, tumor burden (up 
to seven criteria), PS and portal vein thrombosis into 
account[9]. Transarterial chemoembolization (TACE) 
and radioembolization are the primary options for 
these patients with preserved liver function (C-P 
classification A) and PS score 0. Unfortunately, if the 
HCC has developed into the severely advanced stage, 
only systemic medical treatment is indicated and the 
prognosis and outcome is very poor for these patients. 
In this paper, we will discuss systemic treatment for 
patients with HCC for whom liver-directed therapy is not 
appropriate.

SYSTEMIC CYTOTOXIC 
CHEMOTHERAPY
HCC is highly refractory to conventional cytotoxic 
chemotherapy. In the last decade, no effective con
ventional systemic cytotoxic therapy has been available 
and no single regimen has emerged as superior to 
any other[10]. The substances related to sensitive of 
chemotherapy include P-glycoprotein[11-13], glutathione-
S-transferase[14], heat shock proteins[15], topoisomerase 
Ⅱα[16] and p53[17]. Besides resistance, the major side 
effects of systemic chemotherapy are poorly tolerated 
by patients with severe hepatic dysfunction. One study 
which enrolled 147 previously untreated HCC patients 
demonstrated that patients with significant cirrhosis 
(ascites, serum total bilirubin more than 2.0 mg/dL), 
performance status of 2-3, a tumor occupying more than 
50% of the entire liver and tumor thrombus in the main 
portal trunk may not be responsive to chemotherapy[18]. 
The regimens of systemic chemotherapy for HCC under 
clinical study are as follow: monotherapy regimens, 
including doxorubicin, mitoxantrone, fluoropyrimidines, 
gemcitabine, irinotecan and thalidomide; combination 
chemotherapy, including cisplatin-based, gemcitabine-
based and oxaliplatin-based regimens; and PIAF 
regimen [cisplatin (P)/interferon α-2b (I)/doxorubicin 
(A)/fluorouracil (F)]. Most published studies of systemic 
chemotherapy revealed that the effective response 
rates were no more than 25% and there is no evidence 
that it may improve the overall survival rate in patients 
with any subset of HCC[19-21]. However, chemotherapy 
may still be considered for patients whose tumors 
progress while on sorafenib treatment. Cytotoxic 
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therapy should be reserved for medically appropriate 
patients with adequate hepatic function. The national 
comprehensive cancer network guidelines (version 2, 
2014) recommended that systemic or intra-arterial 
chemotherapy can be used to treat patients with 
unresectable HCC by surgery and not a transplant 
candidate only in the context of a clinical trial[22].

MOLECULARLY TARGETED THERAPY
Hepatocarcinogenesis is a very complex system of 
pathways and the result of the genetic alterations 
that may affect multiple signaling cascades. All these 
pathways include various growth factors such as 
epidermal growth factor (EGF), vascular endothelial 
growth factor (VEGF), hepatocyte growth factor 
(HGF), insulin-like growth factor and regulating specific 
intracellular pathway (RAF/MEK/ERK pathway). For 
example, the activation of the RAF/MEK/ERK pathway 
may lead to the growth of HCC. The EGF would bind 
to its cognate receptor EGF receptor and trigger signal 
transduction through the RAF/MEK/ERK pathway. 
Besides, VEGF may result in HCC angiogenesis and HGF 
will bind to the c-MET receptor and other molecular signal 
pathways, including PI3K/PTEN/Akt/mammalian target 
of rapamycin (mTOR) and Wnt/β-catenin pathways. 
Recently, many medical doctors and scientists have 
focused on targeted molecular agents (e.g., sorafenib) 
and tried to block one or more steps in carcinogenic 
pathways for retardation of tumor formation[23,24].

Until now, sorafenib has been very popular for 
patients with the advanced stage of HCC. Clinically, 
sorafenib is an oral form and belongs to the multi-tar
geted tyrosine kinase inhibitors (multi-kinase inhibitors) 
and anti-angiogenic agents. It may inhibit abnormal 
growth of multiple cell surfaces and intra-cellular kinases 
which would be involved in angiogenesis, cell proliferation 
and cellular differentiation. The different kinases include 
various VEGF receptors (VEGFR-1, 2, 3), platelet-derived 
growth factor receptor (PDGFR-β), c-KIT and RET. 
Furthermore, sorafenib was also shown to inhibit the 
RAF/MEK/ERK pathway[25,26]. 

Sorafenib is also the first medical therapy to show a 
statistically significant and clinically meaningful overall 
survival benefit in advanced HCC and is considered to be 
a standard therapy as it inhibits growth and angiogenesis 
of HCC. From the SHARP trial (phase Ⅲ) in many 
countries in 2008, 602 patients with advanced HCC and 
C-P classification A cirrhosis were randomly assigned to 
the sorafenib or placebo group. Improvement of median 
overall survival (OS) was seen in the sorafenib group (10.7 
mo vs 7.9 mo, HR = 0.69, P < 0.001). Treatment was 
also associated with an increased time to progression 
(TTP) (5.5 mo vs 2.8 mo, HR = 0.58, 95%CI: 0.45-0.74, 
P < 0.001). Overall toxicity did not differ between 
the treatment and placebo arm (52% vs 54%)[27]. In 
2009, another phase Ⅲ trial in the Asia-Pacific region 
(so called ORIENTAL study) reported 226 patients of 
advanced HCC with C-P classification A cirrhosis who 

received sorafenib 400 mg twice daily or placebo. 
Patients with sorafenib therapy had better median OS 
(6.5 mo vs 4.2 mo) and TTP (2.8 mo vs 1.4 mo). Only 
small side effects about grade 3 or 4, including hand-
foot syndrome (11%), diarrhea (6%) and fatigue 
(3%), were found in patients[28]. These exciting results 
were encouraging and the better efficacy of sorafenib 
was validated. Thus, sorafenib was approved by the 
Food and Drug Administration in November 2007 in 
the United States and has now become the standard 
care for first line systemic treatment in advanced 
hepatocellular carcinoma. 

Although sorafenib is the first and only targeted 
therapy approved for advanced HCC, it has also 
been studied in combination with other systemic che
motherapeutic agents. For example, in a phase Ⅱ trial, 
patients with advanced HCC were randomly assigned 
to receive doxorubicin in combination with sorafenib or 
doxorubicin alone[29]. The combination of doxorubicin and 
sorafenib improved median TTP (6.4 mo vs 2.8 mo, P = 
0.02), median OS (13.7 mo vs 6.5 mo, P = 0.006) and 
progression-free survival (PFS) (6.0 mo vs 2.7 mo, P = 
0.006), compared to doxorubicin alone. However, the 
effects and mechanisms of doxorubicin in this synergism 
still remained unclear. Recently, another phase Ⅲ drug 
trial comparing the combination of doxorubicin and 
sorafenib with sorafenib alone conducted by the National 
Cancer Institute is still ongoing. Combination of sorafenib 
with other systemic agents, such as octreotide[30], has 
been reported. All of these trials reported improved OS 
when compared to sorafenib alone; however, the sample 
sizes were small. The exact and final outcomes deserve 
intervention.

The worry about the drug resistance of sorafenib has 
attracted attention. The primary resistance mechanism 
is possibly due to the genetic heterogeneity and 
acquired resistance is possibly related to activation of 
the compensatory pathways, such as the PI3K/Akt and 
JAK-STAT pathways, tumor hypoxia, EMT, etc.[31]. The 
mechanisms for the resistance of HCC to sorafenib are 
complicated and remain unclear and need further study.

OTHER ANTIANGIOGENIC AGENTS IN 
CLINICAL DEVELOPMENT
Sunitinib
A variety of oral multiple tyrosine kinase inhibitors have 
been recently developed after the impact of sorafenib. 
Other oral, small molecule, multi-targeted receptor 
tyrosine kinases, so called, were developed. This agent 
was proved to inhibit the VEGFR (1, 2, 3), PDGFRs, KIT, 
RET and the fms-like tyrosine kinase-3 receptor. Some 
of these factors pay a role in both tumor angiogenesis 
and tumor cell proliferation. When we used sunitinib 
to treat patients with advanced HCC, the simultaneous 
inhibition of these targets therefore led to reduced 
tumor sizes, vascularization cancer cell death and even 
tumor shrinkage ultimately.
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PFS and OS were 3.8 mo and 8.4 mo, respectively. 
Another phase Ⅰ study enrolled 39 patients with advanced 
or metastatic HCC and recommended everolimus dosing 
of 7.5 mg daily[41]. The phase Ⅱ study reported that TTP 
was longer in the tivantinib group than in the placebo 
group (1.6 mo vs 1.4 mo)[42]. For patients with MET-
high tumors, the TTP was longer in the tivantinib group 
than in the placebo group (2.7 mo vs 1.4 mo). The most 
common grade 3 adverse events in the tivantinib group 
were neutropenia (14%) and anemia (11%). The study 
recommended tivantinib as an option for second-line 
treatment of patients with advanced HCC. Further phase 
Ⅲ trials are needed.

ANTIANGIOGENIC AGENTS AS TACE 
ENHANCERS
TACE consumes blood and causes hypoxia in patients 
with HCC. However, only the deeply hypoxic area in HCC 
died and other limited hypoxic areas survived. This is 
caused by the extra-hepatic collateral arteries supply for 
HCC if the tumors are large or peripherally located. The 
development of these vessels interferes with effective 
control of the tumor with TACE[43]. This result of a high 
rate of tumor recurrence and low rate of long-term 
survival is still common in patients with unresectable 
HCC. Post-TACE recurrences may be due to angiogenesis 
enhancement and upregulation of VEGF induced by 
TACE[44,45]. Therefore, new treatment strategies for 
patients with unresectable HCC are needed, including 
the optimization of TACE with combination of other 
modalities. TACE has currently become the standard 
treatment for patients with intermediate HCC. However, 
for patients unsuitable for TACE or in whom TACE 
resulted in unacceptable toxicity, the use of oral 
sorafenib is another choice[46-49]. Some trials have 
focused on the combination of TACE and sorafenib. One 
meta-analysis confirmed that the combination therapy 
of TACE and sorafenib can improve the OS (HR = 0.65, 
95%CI: 0.47-0.89, P = 0.007), TTP (HR = 0.68, 95%CI: 
0.52-0.87, P = 0.003) and the objective response 
rate (HR = 1.06, 95%CI: 1.01-1.12, P = 0.021). 
Nevertheless, it did not affect the progression of free 
survival when compared to TACE alone[50]. Besides, the 
significantly increased risks of adverse reactions from 
combination therapy were occasionally noted. Another 
meta-analysis demonstrated that sorafenib combined 
with TACE may have superiority over TACE alone in 
terms of TTP. The HR for TTP was found to be 0.76 (P < 
0.001) with low heterogeneity in studies (P = 0.243, I2 
= 25.5%)[51]. However, the HR for OS was found to be 
0.81 (P = 0.061) with low heterogeneity in studies (P 
= 0.259, I2 = 25.4%). Adverse reactions are generally 
manageable with dose reductions. However, one phase 
Ⅲ trial enrolled 458 previously TACE-treated patients 
and the median TTP in the sorafenib and placebo groups 
was 5.4 and 3.7 mo (HR = 0.87, P = 0.252). HR for 
OS was 1.06 (P = 0.790). Thus, sorafenib did not 

Indeed, most of the side effects from sunitinib 
are very mild, including fatigue, diarrhea, nausea and 
anorexia. In an initial phase Ⅱ trial, 37 patients with 
advanced HCC were treated with sunitinib. Only one 
patient had a partial response and 35% of patients were 
stable[32]. However, grade 3 to 4 toxicity from agents 
was prominent, including thrombocytopenia (37.8%), 
neutropenia (24.3%), asthenia (13.5%), hand-foot 
syndrome (10.8%) and anemia (10.8%) in some 
patients. Fatal treatment-related adverse events were 
reported in four patients (10.8%). Therefore, more 
attention should be paid to this event when treating 
patients. A phase Ⅲ trial of 1074 patients with advanced 
HCC disclosed that sunitinib was not superior to sorafenib, 
with a worse median OS (7.9 mo vs 10.2 mo) and more 
toxicity[33]. 

Linifanib
Linifanib is a multi-kinase inhibitor targeting VEGFR 
and PDGFR. In a phase Ⅱ trial involving 44 patients (of 
which 89% were Asian), the single agent linifanib was 
found to be clinically active in patients with advanced 
HCC, with an acceptable safety profile[34]. However, in a 
phase Ⅲ study, 1000 patients with advanced HCC and 
C-P classification A cirrhosis were randomly assigned to 
linifanib or sorafenib treatment. The median OS was 9.1 
mo in the linifanib group, compared to 9.8 mo in the 
sorafenib group. TTP was 5.4 mo vs 4.0 mo (P = 0.001) 
in the linifanib group vs the sorafenib group[35]. Although 
linifanib had a longer TTP, its superiority in survival 
needs to be verified.  

Brivanib
Brivanib is a selective dual receptor inhibitor against 
fibroblastic growth factor receptor and VEGFR. It was 
shown to have antitumor activity in patients with 
advanced HCC in two phase Ⅱ studies[36,37]. In a phase 
Ⅲ trial, brivanib was reported to have an OS of 9.4 
mo vs 8.2 mo in the placebo group (as a second line 
treatment), which was not statistically significant (P = 
0.33)[38]. Another phase Ⅲ trial compared brivanib with 
sorafenib as first line treatment[39]. Among 1150 patients 
with advanced HCC, the median OS was 9.5 mo in the 
brivanib group and 9.9 mo in the sorafenib group, with 
no statistically significant difference. However, brivanib 
was less well tolerated than sorafenib. Treatment 
discontinued due to side effects was 43% in the brivanib 
group compared to 33% of the sorafenib group[39].

OTHER INVESTIGATIONAL APPROACHES 
IN TARGETED KINASE INHIBITORS
Newer molecularly targeted studies are being developed 
in phase 1/2 studies, including everolimus, targeting 
inhibitors of the mTOR[40,41] and inhibitors of HGF/c-Met, 
such as tivantinib[42]. The single arm, phase 1/2 study of 
everolimus enrolled 28 patients with advanced HCC and 
defined 10 mg/d as the phase Ⅱ dosage[40]. The median 
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significantly prolong TTP in patients who responded to 
TACE[52]. The efficacy of TACE plus sorafenib still needs 
confirmation with further studies.

NEW DIRECTION FOR MOLECULARLY 
TARGETED THERAPY
Both in vitro and in vivo studies have shown that 
sorafenib may promote anti-proliferative and pro-
apoptotic effects in tumor cells as well as in endothelial 
cells. However, it appears that the molecular mechan
isms underlying the direct effects of sorafenib in these 
cells are not completely understood and probably 
involve additional pathways. Chen et al[53] reported that 
sorafenib sensitizes HCC cells to tumor necrosis factor 
related apoptosis, inducing ligand (TRAIL) through 
the inhibition of signal transducer and activator of 
transcription 3 (STAT3). Tai et al[54] demonstrated that 
sorafenib would inhibit the development of HCC via 
the kinase-independent mechanism, SHP-1 dependent 
STAT3 inactivation. STAT3 is a transcription factor that 
modulates survival-directed transcription. In cancer 
cells, STAT3 can be activated by overactive receptors, 
including interleukin-6, EGF family members or HGF. In 
some research, it could be seen that TAT3-stimulated 
genes may promote angiogenesis, proliferation and 
survival. In addition, the STAT3 activation could also turn 
on the strong negative feedback loops involving tyrosine 
phosphatases (SHP-1 and SHP-2) and suppressors 
of cytokine signaling. By reducing the levels of STAT3 
phosphorylation (Tyr705 - STAT3 phosphorylation), the 
phosphatases would block STAT3 dimerization and 
transcriptional activity[55,56]. The literature has shown 
that sorafenib may reduce STAT3 phosphorylation and 
induce cell death. A series of sorafenib derivatives were 
synthesized as new inhibitors for STAT3 phosphorylation. 
Such results provide a new direction for the designs of 
anti-HCC drugs[57,58]. Novel sorafenib derivatives (SC-40, 
SC-43 and SC-60) have been studied in vitro and in vivo. 
These sorafenib derivatives induced apoptotic cell death 
significantly by enhanced SHP-1 activity and inhibited 
the phosphorylation of STAT3 at the concentration of 0.5 
μmol/L, which was more potent than sorafenib (5 μmol/
L)[59,60]. These new compounds of sorafenib derivatives 
appeared to be an important different pathway to 
sorafenib, more potent and with not only a tumoristatic 
effect but also a tumorcidal effect.

OTHER AGENTS UNDER STUDY FOR 
ADVANCED HCC
Hormone therapies
Tamoxifen and megestrol: Many animal models of 
experimental liver carcinogenesis and epidemiological 
studies in humans have all suggested the relationship 
between the sexual hormones and HCC[61]. The intimate 
connection may be due to estrogen receptors (ERs) 
present in one-third of HCCs. These tumors could 

potentially gain benefit from ER blockade with tamoxifen. 
However, some large randomized trials, including CLIP-1 
studies, showed no improvement in survival or functional 
status advantage when comparing the addition of 
tamoxifen to best supportive care[62,63]. The possible 
reasons include the presence of variant ERs in some 
of these tumors, lack of patient selection, the problem 
of dosage selection and the fact that tamoxifen in HCC 
could indeed act via an ER-independent pathway[64-66]. 
The efficacy of megestrol acetate has been evaluated in 
HCC with variant ER. Better therapeutic benefits were 
shown in some studies[64,67]. However, in one randomized 
double blind trial of megestrol acetate vs placebo in 204 
patients with treatment-naive advanced HCC, megestrol 
acetate had no role in prolonging OS in advanced 
treatment-naive HCC[68].

Octreotide: Octreotide is an analogue of the hormone 
somatostatin. Over 40% of HCC patients may express 
specific somatostatin receptors (SSTR) and in vitro 
data showed the direct anti-tumor effect of octreotide 
in HCC[69,70]. The molecular mechanisms involved in the 
anti-neoplastic activity of somatostatin are related to 
the direct and indirect growth inhibition mediated by 
SSTR expressed in the target tissue[71]. In a phase Ⅲ 
study, octreotide had a favorable safety profile but did 
not improve OS and could have a negative impact on 
the quality of life for patients with advanced HCC[72]. A 
meta-analysis showed that the 6 and 12 mo survival 
rates in the octreotide group were significantly higher 
than those of the control group, but only in Eastern 
studies. They concluded that octreotide could improve 
the survival rates of patients with advanced HCC, but 
possibly not in Western countries[73]. The results are 
still controversial so routine administration of octreotide 
cannot be recommended.

Immunotherapy anti-programmed death-1
Human endogenous immunity responses can recognize 
many cancer cells as non-self and these kinds of 
responses have been observed in preclinical models 
and patients. However, these responses are ineffective 
because of the tumor’s own multiple resistance 
mechanisms, including systemic dysfunction in T-cell 
signaling[74]. For instance, programmed death 1 (PD-1), 
the T-cell co-inhibitory receptor with its known ligand 
PD-L1 (known as B7-H1), plays an important role in 
mediating immunosuppression and has been involved in 
multiple immunopathological scenarios[75]. Many studies 
have shown that the PD-1/PD-L1 pathway was also the 
important factor in compromised tumor immunity. If 
the blockade of this pathway by anti-PD-L1 antibodies 
occurred, we could easily enhance the antitumor abilities 
and inhibit tumor growth in several cancers, such as 
melanoma, non-small cell lung cancer and renal cell 
carcinoma[76]. Thus, PD-L1 was demonstrated to deliver 
an inhibitory signal to PD-1 expressing T cells leading 
to the suppression of the immune response by inducing 
apoptosis, unresponsiveness and functional exhaustion 
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of T cells[77,78]. The dose escalation study of anti-PD-1 
monoclonal antibody BMS-936558 was administered as 
a single dose in 39 patients with advanced solid tumors. 
A favorable safety profile and preliminary evidence 
of clinical activity were shown in this pilot study, esta
blishing the basis for the current multiple dose trial 
involving patients with diverse cancers[79]. In chronic 
HBV patients, peripheral HBV-specific CD8+ T-cells are 
mostly PD-1 positive and functionally impaired, with 
restoration of their effector function after blocking the 
PD-1/PD-L1 pathway. The analogous condition was 
also seen in chronic HCV patients[80,81]. The levels of 
PD-1(+)/CD8(+) T cells may apparently increase with 
disease progression from patients with liver cirrhosis to 
HCC vs the healthy control[82]. B7-H1, PD-1(+), CD8(+) 
T cells axis contributes to immune suppression in human 
HCC, with blockade of this pathway carrying therapeutic 
implications. Various studies have demonstrated the 
relationships between the expression of intrahepatic 
PD-1 on T-cells and postoperative recurrence, the stage 
of tumor and the prognosis of diseases[80,82]. Thus, 
monoclonal antibodies against both PD-L1 and PD-1 
have been developed.

Oncolytic virotherapy
Replication-selective tumor-specific viruses present a 
new treatment direction for neoplastic disease which 
is facilitated by virus-mediated lysis of tumor cells 
after selective viral propagation within the tumor. The 
selectivity for cancer cells is derived from a human 
telomerase reverse transcriptase (hTERT) promoter-
driven active viral replication, which only occurs in 
cancer cells with high telomerase activity. For example, 
telomelysin is a telomerase-specific replication-com
petent oncolytic adenovirus that may replicate efficiently 
and induce marked cell killing in human cancer cells[83]. 
However, the TERT activity is elevated in most cases 
of HCC and thus all current studies aim to investigate 
whether telomelysin can be used for the treatment of 
HCC or not[84]. Telomerase-specific oncolytic virotherapy 
has been studied in vivo to show that it is cancer-
selective, replication-competent and causes the oncolysis 
of liver cancer cells[85]. In a preclinical in vivo study of the 
orthotopic HCC model, the telomelysin agent showed the 
potent oncolytic effect on HCC but spared normal liver 
tissue. The effects of multiple injections of telomelysin 
were also evaluated recently. Lin et al[86] concluded that 
telomelysin can be used for treatment of human HCC at 
an appropriate dosage and that its tumor-killing activity 
persists after multiple injections.

CONCLUSION
Treatment of human HCC is a multidisciplinary, patient-
oriented strategy and must take the patient’s clinical 
stage, liver function reserve and performance status 
into consideration in detail. Multiple chemotherapeutic 
agents have been used both as single agents and in 
combination to treat advanced HCC but, until recently, 

none of them had been shown to improve overall 
survival effectively. Now, the multi-kinase inhibitor 
“sorafenib” is still the only approved drug for patients 
with advanced HCC. However, there are also many 
mechanisms involving molecular signaling pathways 
which may identify different targets for novel molecular 
therapies that remain unknown. Thus, the efficacy of 
combination of anti-angiogenic agents plus TACE still 
needs more confirmation. Besides, immunotherapy 
with anti-PD-1 and oncolytic virotherapy also have 
therapeutic potential but need approval by further clinical 
studies and clues. To our knowledge, the importance of 
effective systemic therapies for patients with advanced 
HCC is clear now and more effort is required to advance 
talent in the future.  
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