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Primary liver cancer, mostly hepatocellular carcinoma, remains a difficult-to-treat cancer.
Incidence of liver cancer varies geographically and parallels with the geographic prevalence
of viral hepatitis. A number of staging systems have been developed, reflecting the hetero-
geneity of primary liver cancer, regional preferences, and regional variations in resectability
or transplant eligibility. Multimodality treatments are available for this heterogeneous ma-
lignancy, and there are variations in the management recommendations for liver cancers
across specialties and geographic regions. Novel treatment strategies have merged with the
advance of new treatment modalities. This work focuses on reviewing the incidence, staging,
and treatment of liver cancer.

Liver cancer is a cancer that originates in the
liver, and is an aggressive tumor that fre-

quently occurs in the setting of chronic liver
disease and cirrhosis. Primary liver cancer, or
hepatocellular carcinoma (HCC), is the fifth
most common cancer in males and the seventh
most common cancer in females, and is the third
leading cause of cancer-related death worldwide
(Ferlay et al. 2010; Jemal et al. 2011). The inci-
dence of liver cancer is increasing in the United
States, reaching an annual incidence of 4.5 per
100,000 in 2005 (Altekruse et al. 2009). Despite

advances in its treatment, liver cancer remains
one of the most difficult cancers to treat. For
patients with early HCC, surgery, local destruc-
tive therapies, and liver transplantation provide
curative potential. However, recurrence of HCC
remains a major problem after curative treat-
ment, reaching an incidence of more than 70%
at 5 yr (Llovet et al. 2005). Even in patients with
early, small HCC (,3 cm) receiving surgery,
the 5-yr survival rate is not satisfactory (47%
to 53%) (Poon et al. 2002; Altekruse et al.
2012; Fong and Tanabe 2014). Typically, HCC

Editors: Christoph Seeger and Stephen Locarnini

Additional Perspectives on Hepatitis B and Delta Viruses available at www.perspectivesinmedicine.org

Copyright # 2015 Cold Spring Harbor Laboratory Press; all rights reserved; doi: 10.1101/cshperspect.a021535

Cite this article as Cold Spring Harb Perspect Med 2015;5:a021535

1

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://perspectivesinmedicine.cshlp.org/Downloaded from 

mailto:peijerchen@ntu.edu.tw
mailto:peijerchen@ntu.edu.tw
mailto:peijerchen@ntu.edu.tw
http://www.perspectivesinmedicine.org
http://www.perspectivesinmedicine.org
http://www.perspectivesinmedicine.org
http://perspectivesinmedicine.cshlp.org/


is often diagnosed at an advanced stage, and
many patients with advanced stage are not eli-
gible for the curative therapies. Moreover, tradi-
tional systemic chemotherapy shows low effica-
cy and little survival benefits (Verslype et al.
2009). The approval of a multikinase inhibitor,
sorafenib, has shown some survival benefit in
patients with advanced HCC and preserved liver
function, highlighting a promising molecular
targeted strategy for advanced HCC (Llovet
et al. 2008).

Treatment of liver cancer is now multidisci-
plinary, and multimodel treatment options
are chosen generally on an individualized basis
according to the complex interplay of tumor
stage and the extent of underlying liver disease,
as well as the patient’s overall general health.
There are variations in the recommendations
for the management of liver cancers across the
specialties and geographic regions. Heterogene-
ity in management of liver cancer exists across
the various guidelines from the United States
(National Comprehensive Cancer Network
[NCCN]), Europe (European Association for
the Study of the Liver-European Organization
for Research and Treatment of Cancer [EASL-
EORTC]), and Asia (consensus statement from
the Asian Oncology Summit 2009 [AOS])
(Poon et al. 2009; Fong and Tanabe 2014).
This work focuses on reviewing the incidence,
monitoring, and treatment of liver cancer.

INCIDENCE OF LIVER CANCER

Globally, the incidence of liver cancer is more
than twice as high in males as in females. The
highest liver cancer rates are found in East and
Southeast Asia and in Middle and Western Af-
rica, whereas rates are low in South-Central and
Western Asia, as well as Northern and Eastern
Europe (Jemal et al. 2011). These regional dif-
ferences in incidence of liver cancer reflect re-
gional variations in exposure to hepatitis viruses
and environmental pathogens. In developing
countries, hepatitis B virus (HBV) infection ac-
counts for about 60% of the total liver cancer in
developing countries, whereas hepatitis C virus
(HCV) infection accounts for about 33% of to-
tal liver cancer (Parkin 2006). The incidence of

liver cancer is increasing in the United States
and Central Europe, possibly because of the
obesity epidemic and the increase in HCV in-
fection through continued transmission by in-
jecting drug users (Jemal et al. 2011). In the
United States and several other low-risk Western
countries, alcohol-related cirrhosis and possibly
nonalcoholic fatty liver disease, associated with
obesity, are thought to account for the majority
of liver cancer (Jemal et al. 2010). In contrast,
liver cancer incidence rates have decreased in
some historically high-risk areas, possibly be-
cause of the HBV vaccine (Bosetti et al. 2008;
Jemal et al. 2010). A universal infant hepatitis
vaccination program initiated in 1984 in Taiwan
has significantly reduced liver cancer incidence
rates in children aged 6–19 yr, showing an age-
and sex-adjusted relative risk of 0.31 for persons
vaccinated at birth (Chang et al. 2009b).

STAGING OF LIVER CANCER

There have been a number of staging systems for
the prognosis of HCC, including the commonly
used tumor-node metastasis (TNM), Okuda,
and Barcelona Clinic Liver Cancer (BCLC) sys-
tems, as well as the Cancer of the Liver Italian
Program (CLIP) score (Okuda et al. 1985; Chev-
ret et al. 1999; Llovet et al. 1999; Kudo et al. 2003,
2004; Pons et al. 2005; Ikai et al. 2006; Edge et al.
2010). The multiplicity of these staging systems
reflects the heterogeneity of HCC, regional pref-
erences, and regional variations in resectability
or transplant eligibility. Nevertheless, these sys-
tems do incorporate important determinants of
survival including the size of the tumor, the
severity of underlying liver disease, tumor ex-
tension into adjacent structures, and tumor me-
tastases. Apart from the American Joint Com-
mittee on Cancer (AJCC) TNM system, newer
staging systems such as CLIP, BCLC, Groupe
d’Etude du Treatment du Carcinome H’epato-
cellulaire (GRETCH), Chinese University Prog-
nostic System (CUPI), and Japan Integrated
Staging (JIS) systems have included patient-de-
pendent variables such as the severity of cirrho-
sis and a tumor-dependent variable regarding
the extent of the HCC (CLIP 1998, 2000; Chev-
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ret et al. 1999; Llovet et al. 1999; Leung et al.
2002; Kudo et al. 2004).

TNM Staging

The AJCC TNM staging system for HCC, re-
vised in 2010, identifies the most important
prognostic factors: the number of tumors and
the presence and extent of vascular invasion
within the tumor (Edge et al. 2010). Notably,
the AJCC TNM staging system neither uses the
presence of liver cirrhosis nor incorporates tu-
mor grade to assign the final tumor stage, but
instead adopted the fibrosis score of the under-
lying liver as a clinically significant prognostic
factor. The 5-yr survival rates according to the
TNM stage I, II, and III are 55%, 37%, and 16%,
respectively. The prognostic value of the AJCC
TNM staging system has been validated pro-
spectively in patients undergoing surgical resec-
tion or liver transplantation for HCC (Vauthey
et al. 2007; Lu et al. 2008). However, patients
with unresectable HCC cannot be accurately
staged by this system, thereby limiting the use
of AJCC TNM staging in this patient popula-
tion.

Okuda System

The prognostic scoring system proposed by
Okuda and colleagues includes tumor size and
severity of cirrhosis, measured by the amount
of ascites, serum albumin, and bilirubin levels
(Okuda et al. 1985). Survival for untreated pa-
tients with Okuda stages I, II, and III was 8.3,
2.0, and 0.7 mo, respectively. The Okuda system
does not include pathologic characteristics,
such as vascular invasion or the presence or
absence of nodal metastases, and patients staged
according to this system mostly had unresect-
able HCC, thereby limiting its use as a clinical
scoring system.

CLIP Score

The CLIP score, ranging from 0 to 6, combines
an index of the severity of liver cirrhosis (Child–
Pugh stage), tumor morphology and extension,
serum a-fetoprotein (AFP) levels, and portal

vein thrombosis to determine prognosis of pa-
tients with liver cancer. The CLIP scoring system
has been shown to be useful in stratifying pa-
tients with advanced HCC (CLIP 2000; Ueno
et al. 2001; Huitzil-Melendez et al. 2010). Cho
et al. (2008) showed that the CLIP system (com-
pared with six other staging systems, including
Child–Pugh, Okuda, BCLC, CLIP, modified
CLIP, JIS, and modified JIS scores), provided
the best prognostic stratification in a cohort
of 131 unresectable/untransplantable patients
undergoing transarterial chemoembolization
(TACE). More recently, Huitzil-Melendez et al.
(2010) also compared the same seven staging
systems as Guglielmi et al. (2008) in a cohort
of 187 patients with advanced HCC, and
showed that the CUPI and CLIP staging systems
ranked the highest in predicting survival in pa-
tients with advanced HCC.

BCLC Staging System

The BCLC staging system identifies clinical
stages based on the extent of the primary tumor,
vascular invasion, and extrahepatic spread by
tumor, individual persons’ performance status,
and baseline liver function (Child–Pugh stage).
This system is based more on clinical practice,
and allows an appropriate treatment strategy to
be applied to each BCLC stage. The very early
(stage 0) and early stage (stage A) patients pre-
sent with tumors that are amendable to po-
tentially curative treatment (surgical resection,
liver transplantation, or local ablation); inter-
mediate (stage B) patients have multinodular
tumors, which are treated by TACE; in contrast,
advanced (stage C) patients have tumors with
vascular invasion and/or extrahepatic spread
and, therefore, it is recommended that they
be treated with sorafenib; finally, patients with
stage D tumors have the worst performance
status, have cirrhosis, and are treated with the
best supportive care. Marrero and colleagues
(2005) compared seven staging systems (Oku-
da, TNM, BCLC, CLIP, GRETCH, CUPI, and
JIS) and concluded that the BCLC system pro-
vided the best prognostic stratification for a co-
hort of 244 patients presenting with cirrhosis
and HCC (Marrero et al. 2005). Similarly, Gu-
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glielmi et al. (2008) also compared the same
seven staging systems and confirmed that the
BCLC system was superior to the other six sys-
tems when evaluated in a cohort of 112 HCC
patients who underwent radiofrequency abla-
tion (RFA). Although the BCLC system has
been prospectively validated in an Italian cohort
of 195 HCC patients treated mainly with radical
therapies (Cillo et al. 2006), there have been
controversies surrounding the BCLC system,
particularly in its application in surgical treat-
ment for HCC patients (Ishizawa et al. 2008;
Torzilli et al. 2008; Vitale et al. 2011). Neverthe-
less, the BCLC system has provided an algorith-
mic approach for the treatment of liver cancer,
and new treatments can be tested in different
stratification groups.

Choice of Staging System

There is no consensus as to which staging system
is the best, and studies comparing different stag-
ing systems have shown variable prognostic val-
ues of these systems in various patient popula-
tions (Kudo et al. 2004; Marrero et al. 2005; Cho
et al. 2008; Guglielmi et al. 2008; Lu et al. 2008;
Huitzil-Melendez et al. 2010). Because there is
great heterogeneity in geographic variations of
treatment approaches and severity of underly-
ing liver functions, it is clear that no universal
staging system will accurately accommodate all
patient and tumor variables. It is likely that a
certain scoring system would be optimal for a
certain patient population. For example, path-
ologic staging systems such as the AJCC TNM
staging system may be superior to clinical sys-
tems in prognosis classification for patients
with surgical resection, whereas clinical systems,
such as BCLC and CLIP systems, may have more
prognostic value for patients with advanced
HCC and cirrhosis who are not candidates for
surgery (Vauthey et al. 2010). Further studies
are needed to improve the current staging sys-
tems and to provide sufficient flexibility for
clinical application of these systems across a
broader range of patient populations. For con-
venience, this chapter uses the BCLC system to
discuss treatment for liver cancer in the present
context.

TREATMENT FOR ADVANCED DISEASE

Systemic Therapy

Standard Frontline Therapy

Sorafenib, a multiple kinase inhibitor that re-
presses the activity of Raf-1 and other tyrosine
kinases, such as vascular endothelial growth
factor receptor 2 (VEGFR-2), VEGFR-3, Fms-
like tyrosine kinase 3 (FLT3), platelet-derived
growth factor receptor (PDGFR), and fibroblast
growth factor receptor 1 (FGFR-1) (Liu et al.
2006), is the first targeted therapy approved for
the treatment of advanced HCC in patients with
relatively preserved liver function. The Sorafe-
nib Hepatocellular Carcinoma Assessment Ran-
domized Protocol (SHARP) trial was a land-
mark multicenter phase III randomized study,
which enrolled 602 patients with unresectable
HCC or with HCC who failed on locoregional
therapy. The results of the study showed a sig-
nificant improvement in overall survival (OS)
in these advanced HCC patients receiving sor-
afenib compared with placebo (10.7 mo vs. 7.9
mo; hazard ratio, 0.69; p , 0.001) (Llovet et al.
2008). Notably most (.90%) patients enrolled
in the SHARP trial had preserved liver function
(Child–Pugh Class A) and good performance
status (Eastern Cooperative Oncology Group
performance status of 0 or 1). The subsequent
Asia-Pacific trial by Cheng et al. (2009) also re-
vealed survival benefits of sorafenib (6.5 mo vs.
4.2 mo; hazard ratio, 0.68; p ¼ 0.014), compa-
rable to those shown in the SHARP trial among
patients who had preserved liver function (97%
with Child–Pugh class A cirrhosis). The role
of sorafenib in patients with Child–Pugh class
B cirrhosis is still under investigation. The Glob-
al Investigation of Therapeutic Decisions in
HCC and of Its Treatment with Sorafenib study
(GIDEON) is an ongoing, global, prospective,
and observational study undertaken to evaluate
the safety of sorafenib in patients with unresect-
able HCC in real-life practice, including Child–
Pugh B patients who were excluded from clini-
cal trials (Lencioni et al. 2014). The second
interim analysis of the GIDEON study (a total
of 1571 patients, 23% of which were Child–
Pugh B patients) has suggested that the overall
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safety profile and dosing strategy are similar
across the Child–Pugh subgroups. However,
patients with Child–Pugh class B cirrhosis
were more likely to discontinue treatment be-
cause of adverse effects (38% vs. 23%), and
had worse median overall survival (5 mo vs.
10.5 mo), compared with the Child–Pugh class
A patients (Lencioni et al. 2014). Current guide-
lines uniformly recommend sorafenib as a
standard systemic therapy for patients with ad-
vanced HCC not amendable to resection, abla-
tion, or transplantation but with well-preserved
liver function (Child–Pugh class A) (Poon et al.
2009; EASL-EORTC 2012; NCCN 2014). Cur-
rently, there is still inadequate evidence to rec-
ommend sorafenib for patients with Child–
Pugh class B or C cirrhosis.

Cytotoxic Chemotherapy

Currently, there is no standard second-line che-
motherapy agent for patients who fail sorafenib
treatment. Chemotherapy has not been used
routinely for patients with advanced HCC be-
cause, traditionally, HCC is considered to be
a chemotherapy-refractory tumor (Burroughs
et al. 2004), and systemic chemotherapy is usu-
ally not well tolerated by patients with significant
underlying hepatic dysfunction. Nevertheless,
chemotherapy may still be warranted in some
individuals, particularly in those with underly-
ing noncirrhotic liver. Among the available che-
motherapeutic agents, single-agent doxorubicin
has been the most studied agent for advanced
HCC, with an objective response rate of �20%
or less with doses of 75 mg/m2(Lai et al. 1988;
Burroughs et al. 2004; Yeo et al. 2005). Various
combination chemotherapy regimens have been
tested to improve efficacy but the results have
been disappointing (Burroughs et al. 2004). In
general, cytotoxic chemotherapy should be re-
served for medically appropriate patients with
adequate hepatic function, preferably adminis-
tered within the context of a clinical trial.

Immunotherapy

Cancer cells evading immune destruction have
emerged as a hallmark of cancer (Hanahan and

Weinberg 2011). HCC has been shown to be
immunogenic, and immune therapeutic strate-
gies have been introduced for HCC treatment,
aiming to selectively target tumor cells by in-
ducing or boosting the existing tumor-specific
immune response (Breous and Thimme 2011).
In this regard, immune-checkpoint-pathway
inhibitors such as anti–cytotoxic T-lympho-
cyte antigen 4 (CTLA-4) antibody (ipilimu-
mab) have been introduced for the treatment
of patients with advanced melanoma with pro-
mising results (Hodi et al. 2010). Programmed
death 1 (PD-1), a coinhibitory receptor mole-
cule that is expressed by activated T and B
cells, plays an important role in regulating pe-
ripheral immune tolerance (Keir et al. 2008).
The interactions between PD-1 and its ligands,
programmed death ligand 1 (PD-L1) (B7-H1)
and PD-L2 (B7-DC), is a crucial immune
checkpoint and a major mechanism of immune
suppression within the tumor microenviron-
ment (Zou and Chen 2008; Sznol and Chen
2013). Overexpression of PD-L1 has been
shown to be associated with tumor aggressive-
ness and postoperative recurrence in HCC pa-
tients (Gao et al. 2009). Shi et al. also showed
that PD-1 expression was increased in tumor-
infiltrating effector CD8þ T cells, and this in-
crease in PD-1 þ CD8þ T cells was predictive
of disease progression and postoperative recur-
rence in HCC patients (Shi et al. 2011). More
recently, Umemoto et al. (2014) showed expres-
sion of PD-L1 on cells of HCC correlated with
the number of CD163-positive macrophages
and HLA class I expression with CD3-positive
cell infiltration, and combined PD-L1 low/HLA
class I high expression on HCCs was prognostic
for improved overall survival and recurrence-
free survival. Several PD-1 antagonist antibod-
ies, such as nivolumab (MDX-1106, BMS-
936558), pembrolizumab (MK-3475), and pid-
ilizumab (CT-011), have been developed and
are currently being evaluated in clinical trials
in various cancers (Topalian et al. 2012; Sznol
and Chen 2013). Among these anti-PD-1 anti-
bodies, nivolumab, a fully human monoclonal
immunoglobulin (Ig)G4 antibody that binds
PD-1 with high affinity and blocks its interac-
tion with both B7-H1 and B7-DC, is currently
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being investigated in a phase I study specifically
designed for patients with advanced HCC with
or without viral hepatitis (No. NCT01658878,
ClinicalTrials.gov).

Other immunotherapeutic strategies have
included identifying tumor-associated antigens
(TAAs) recognized by cytotoxic T lymphocytes
(CTLs) to enhance host immunity to the HCC.
The TAAs that have been discovered in HCC
tumors include cyclophilin B, squamous cell
carcinoma antigen recognized by T cells (SART)
2, SART3, AFP, human telomerase reverse tran-
scriptase (hTERT), glycopican-3 (GPC3), NY-
ESO-1, SSX-2, and melanoma antigen gene A
(MAGE-A), etc. (Mizukoshi et al. 2011; Liang
et al. 2013). Adoptive immunotherapy by autol-
ogous dendritic cells pulsed with specific TAA
(tumor vaccines) is an emerging clinical strategy
and has been tested in early phase clinical trials
in patients with HCC (Butterfield et al. 2006;
Palmer et al. 2009). Palmer et al. (2009) showed
that the disease-control rate (combined partial
response and stable disease �3 mo) was 28% in
25 patients with HCC who had undergone in-
travenous vaccination with mature autologous
dendritic cells pulsed ex vivo with a liver tumor
cell line lysate (HepG2) (Palmer et al. 2009).
More insights into the mechanisms underlying
HCC immunology are crucial for further devel-
opment of novel immune therapies (Breous and
Thimme 2011).

Oncolytic Virus Therapy

Oncolytic virotherapy has emerged as a new
anticancer strategy, which implicates selective
replication of oncolytic viruses in cancerous tis-
sues to lyse tumor cells (Chang et al. 2009a;
Russell et al. 2012). Oncolytic viruses are desig-
nated tumor-selective, multimechanistic anti-
tumor agents, and the commonly used virus
classes include adenovirus, parvovirus, herpes
simplex virus, poxvirus, paramyxovirus, reo-
virus, etc. (Russell et al. 2012; Moehler et al.
2014). The preferential tropism of cancer cells
by oncolytic viruses is based on the characteris-
tic impaired antiviral responses and higher per-
missiveness for virus replication of cancer cells
(Russell et al. 2012). Moreover, oncolytic virus-

es are often genetically engineered (genetic
arming) to enhance therapeutic effects. The an-
ticancer effects of oncolytic viruses are multi-
mechanistic, ranging from direct virus-mediat-
ed cancer cell killing, pleiotropic cytotoxic
immune effector mechanisms, through the spe-
cific activities of transgene-encoded proteins
(Russell et al. 2012). Furthermore, by generating
tumor cell lysates in situ, oncolytic viruses may
overcome cellular tumor–resistance mecha-
nisms and induce immunogenic tumor cell
death resulting in the recognition of newly re-
leased tumor antigens (Moehler et al. 2014).

There are a number of oncolytic virus plat-
forms currently in development, some of which
are being tested in clinical trials for HCC pa-
tients. The oncolytic vaccinia virus pexastimo-
gene devacirepvec (Pexa-Vec, JX-594), armed
with granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF)-expressing genes, is a rep-
resentative lead from the targeted and armed
oncolytic poxvirus class for HCC treatment
(Kim et al. 2006; Kirn and Thorne 2009; Mer-
rick et al. 2009; Parato et al. 2012). Pexa-Vec
utilizes the unique characteristics of vaccinia,
which allows the virus to survive in the blood-
stream in the presence of neutralizing antibod-
ies, leading to its ability to be administered both
intravenously and intratumorally (Kim et al.
2006). Pexa-Vec has shown proof-of-concept
mechanisms in clinical trials for cancer patients,
including HCC patients (Liu et al. 2008; Park
et al. 2008; Hwang et al. 2011; Kim et al. 2013).
Notably, Liu et al. (2008) showed that HCC tu-
mor tissue could serve as a source of acute HBV
replication and posttreatment HBV release, and
that Pexa-Vec can suppress underlying HBV
replication in HCC patients. In a phase I trial,
Pex-Vec administered directly into the tumor
showed objective responses in three of ten evalu-
able patients with nonresectable HCC (Park
et al. 2008). Dose-related survival of intratu-
moral Pex-Vec (median survival of 14.1 mo
compared with 6.7 mo on the high and low
dose) was shown in a randomized phase II
dose-finding trial in 30 HCC patients (90% in
advanced BCLC C stage) (Heo et al. 2013c).
However, a preliminary report from a random-
ized phase IIb trial (TRAVERSE) in patients
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with advanced HCC who have failed sorafenib
therapy showed that Pexa-Vec did not meet its
primary end point of survival improvement as
compared with best supportive care (Heo et al.
2013b). Sequential therapy of intratumoral
Pexa-Vec followed by sorafenib was tested in a
phase II trial in 25 treatment-refractory HCC
patients (including 20 sorafenib refractory),
with a disease-control rate of 62% with Pexa-
Vec alone compared with 59% following initia-
tion of sorafenib (Heo et al. 2013a). The deter-
minants for optimal patient population for suc-
cessful oncolytic virotherapy warrant further
studies.

Other investigational oncolytic virus for
HCC includes telomerase-specific replication-
competent oncolytic adenovirus, telomelysin
(OBP-301), which is developed by replacing the
adenoviral E1A promoter with the tumor-spe-
cific telomerase reverse transcriptase (hTERT)
promoter to allow efficient replication in telo-
merase-positive tumor cells (Kawashima et al.
2004). Notably, the frequencies of hTERT-pos-
itive hepatocytes were very low in noncancerous
liver tissues but high in HCC tumors and were
well-correlated with clinicopathological param-
eters: the average frequencies of chronic hepati-
tis was 0.2%, liver cirrhosis 0.2%, well-differ-
entiated HCC 3.0%, moderately differentiated
HCC 28%, and poorly differentiated HCC 95%
(Kawakami et al. 2000). Safety and tolerability
of telomelysin has been tested in a phase I trial
in 16 patients with solid cancers (but not in-
cluding any patients with HCC). The most
common adverse effects (grade 1 or grade 2)
were fever, chills, fatigue, and injection site
pain (Nemunaitis et al. 2010). However, the fea-
sibility of using telomelysin for HCC treatment
has been validated in a preclinical study using
an orthotopic in situ HCC animal model
(Huang et al. 2012), and so further early phase
trials of telomelysin in HCC are being planned.

Novel Targeted Therapy in Development

Apart from being a tyrosine kinase inhibitor,
sorafenib has recently been shown to be a direct
enhancer of a tyrosine phosphatase, Src homol-
ogy 2 domain containing tyrosine phosphatase 1

(SHP-1) (Tai et al. 2011, 2014). Sorafenib can
induce apoptosis through enhancing SHP-1 ac-
tivity and, thus, inhibiting p-STAT and its tran-
scriptional functions (Tai et al. 2011). Interest-
ingly, very recent studies have developed new
compounds related to sorafenib (sorafenib de-
rivatives) that target SHP-1-dependent p-STAT
inhibition, and these are currently being tested
in preclinical models (Chen et al. 2011, 2012;
Tai et al. 2011). These new derivatives may be a
promising candidate for targeted cancer thera-
py and drug discovery in the future.

TREATMENT FOR INTERMEDIATE STAGE

TACE

Transarterial embolization (TAE) (embolic par-
ticles without chemotherapy) or TACE (chemo-
therapeutic drugs and embolic particles) thera-
py takes advantage of the characteristic HCC
arterial blood supply and induces tumor necro-
sis by selective cannulation of the tumor-feed-
ing hepatic arteries and infusion of vaso-occlu-
sive particles and/or chemotherapy. A pivotal
randomized study by Llovet et al. showed supe-
rior survival in unresectable HCC patients with
Child–Pugh class A or B cirrhosis who under-
went either TAE or TACE (doxorubicin and em-
bolic particles), as compared with supportive
care (Llovet et al. 2002). Another important
randomized study by Lo et al. also showed that
TACE (an emulsion of cisplatin in lipiodol and
gelatin-sponge particles) produces a survival
benefit in patients with unresectable HCC,
compared with supportive care. A meta-analysis
study has confirmed survival benefits of TAE/
TACE (Llovet and Bruix 2003). However, the
outcome of TAE/TACE apparently depends on
careful patient selection, and there is a wide
range in the 2-yr survival rates reported in pro-
spective randomized trials (24%–63%) as well
as in retrospective series (11%–47%) (Sangro et
al. 2011). Multiple studies have suggested pre-
dictors of poor outcome in HCC patients who
received TACE, including advanced cirrhosis
(Child–Pugh class C), portal vein thrombosis,
tumor size, multifocality, and vessel invasion
(Chan et al. 2002; Takayasu et al. 2006; Jeon

Treatment of Liver Cancer

Cite this article as Cold Spring Harb Perspect Med 2015;5:a021535 7

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://perspectivesinmedicine.cshlp.org/Downloaded from 

http://perspectivesinmedicine.cshlp.org/


et al. 2007; Raoul et al. 2011). Accordingly, ab-
solute contraindications for TACE have been
proposed, such as decompensated cirrhosis, se-
vere reduced hepatic portal flow, and technical
contraindications (Raoul et al. 2011; Cheng
et al. 2014). The most common complication
of TAE/TACE is the postembolization syn-
drome, which can occur in up to 80% of pa-
tients. This is characterized by fever, elevated
alanine aminotransferase, and abdominal pain
(Leung et al. 2001). Acute hepatic decompensa-
tion represents a severe complication of TAE/
TACE, which has reported an incidence as high
as 20% (Chan et al. 2002). In a large prospective
cohort study of 8510 patients with unresectable
HCC who underwent TACE, the 5-yr survival
rate was 26% after TACE, and the treatment-
related deaths were 44 (0.51%), including 18
(0.21%) hepatic failures (Takayasu et al. 2006).

In recent years, a novel therapeutic approach
of radioembolization has shown promise for
the treatment of patients with unresectable
HCC. Radioembolization, technically similar
to TAE/TACE, infuses radioactive microspheres
(Yttrium-90 [Y-90]) into the tumor-feeding he-
patic arteries. These infused microspheres selec-
tively implant within the tumor arterioles and
so deliver in situ radiation. Multiple retrospec-
tive or noncontrolled prospective studies (levels
of evidence II-2 and II-3) support the use of
radioembolization, but no randomized con-
trolled trials have been published comparing
radioembolization with other locoregional ver-
sus systemic therapies versus best supportive
care (Sangro et al. 2012). Recently, a cost-effec-
tiveness analysis suggested that radioemboliza-
tion costs may be justified for patients with
BCLC stage C disease, whereas radioemboliza-
tion may not be cost effective in patients with
BCLC stage A disease (Rostambeigi et al. 2014).
Current indications of Y-90-radioembolization
include intermediate stage patients with bulky
or bilobar disease, which are considered poor
candidates for TACE, and advanced patients
with solitary tumors invading a segmental or
lobar branch of the portal vein. Radioemboliza-
tion can also be used to treat patients with pro-
gression disease after TACE or sorafenib, or be
used as a downstaging procedure for patients

currently unfit but potentially eligible for resec-
tion, ablation, or transplantation (Sangro et al.
2012). More recently, embolization using drug-
eluting beads (drug-eluting beads transarterial
chemoembolization [DEB-TACE]) has been in-
troduced. Early clinical experiences have con-
firmed that drug-eluting beads provide a com-
bined ischemic and cytotoxic effect locally with
low systemic toxic exposure (Lencioni et al.
2012a). A randomized (PRECISION V) study
comparing DEB-TACE with conventional TACE
in 212 patients with Child–Pugh A/B cirrhosis
and large and/or multinodular, unresectable
HCCs revealed that DEB-TACE achieved similar
response and disease-control rates with signifi-
cantly reduced liver toxicity and doxorubicin-
related side effects (Lammer et al. 2010). Anoth-
er prospective study has also reported higher
rates of tumor response and longer time to pro-
gression for DEB-TACE as compared with TACE
in 84 intermediate HCC patients (Malagari et al.
2010). Further large-scale prospective trials are
required to further confirm survival benefits
of DEB-TACE. An important limitation of all
TACE regimens is tumor recurrence, which has
been shown to be contributed to by increased
VEGF production and subsequent angiogenesis
following TACE (Gupta et al. 2006; Wang et al.
2008). Therefore, a combination of TACE with
agents with antiangiogenic properties appears
to be a rational approach and has been tested
in clinical trials, such as a combination of sor-
afenib with TACE (Pawlik et al. 2011; Zhao et
al. 2013) or with DEC-TACE (Lencioni et al.
2012b). In particular, the phase II randomized
double-blind placebo-controlled SPACE study
evaluating sorafenib in combination with
DEC-TACE has met its primary end point of
improving time to progression after enrolling
307 patients (Lencioni et al. 2012b). The en-
couraging efficacy signal will require confirma-
tion from ongoing phase III trials.

TREATMENT FOR EARLY LIVER CANCER

For patients with early-stage hepatocellular car-
cinoma, a partial hepatectomy may be curative;
however, a patient’s overall liver function, tu-
mor assessment, and liver anatomy must be tak-
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en into consideration. Resection is recommend-
ed in patients who have preserved liver function,
generally Child–Pugh class A (good operative
risk) without portal hypertension. Liver trans-
plantation also offers patients a potential cura-
tive treatment option in early hepatocellular
carcinoma.

Surgical Resection (Partial Hepatectomy)

Surgical resection is the mainstay treatment for
solitary HCCs in patients with preserved liver
function. With recent advances in laparoscopic
liver resection, with a reduction in operative
blood loss, operation time, and length of hos-
pital stay, the surgical outcome is comparable to
open hepatectomy in a selected population
(Cheung et al. 2013; Kamiyama et al. 2014). In
general, eligible candidates for resection must
have a surgically feasible tumor location, ade-
quate liver reserve, and a sufficient liver remnant
as assessed by clinical and biochemical measures
(such as indocyanine green), or by hepatic volu-
metry (Hemming et al. 1992; Kubota et al.
1997). For patients with borderline liver rem-
nant, preoperative portal vein embolization
can be an adjunct to liver resection, particularly
for right-sided tumors (Abdalla et al. 2001;
Abulkhir et al. 2008; Palavecino et al. 2009).
This procedure embolizes the portal vein that
supplies the tumor-bearing liver and aims to
initiate hypertrophy of the anticipated future
liver remnant to allow a more extensive resection
(Abdalla et al. 2001). The 5-yr survival rate can
reach 40%–70% in patients with early HCC
(,5 cm) and preserved liver function (Poon
et al. 2002; Nathan et al. 2009). Long-term out-
comes after surgery are influenced by tumor-
related factors (such as the presence and degree
of vascular invasion, tumor number and size,
and surgical margin status) and underlying liver
function, as endorsed by the different stag-
ing systems for HCC (Nathan et al. 2009). Re-
currence remains a major problem after surgical
resection, and common patterns of recurrence
include intrahepatic local recurrence or a
new second primary lesion (Poon et al. 2002).
Treatment for recurrence includes repeat hepa-
tectomy, TAE/TACE, radiofrequency ablation,

or salvage liver transplantation (Chan et al.
2013).

Adjuvant Therapy after Surgical Resection

Adjuvant therapy after HCC resection holds
promising potential as it may eradicate residual
cancer cells and prevent secondary liver carci-
nogenesis. Currently, the conclusive role of ad-
juvant therapy following curative resection of
HCC remains to be defined (Samuel et al.
2009). Nevertheless, several adjuvant strategies
have been tested in clinical trials, including sys-
temic and intra-arterial chemotherapy, intra-
arterial radiolabeled lipiodol, TACE, acyclic ret-
inoids, interferon, adoptive immunotherapy,
autologous tumor vaccine, and, more recently,
sorafenib (Xie et al. 2012; Furtado et al. 2014).
Earlier adjuvant trials in HCC suffered from
deficiencies, such as small case numbers, het-
erogeneous patient populations, and nonstan-
dardized end points, resulting in a lack of con-
solidative evidence (Samuel et al. 2009). The
recent introduction of adjuvant sorafenib in pa-
tients with HCC following curative treatment
(surgical resection or local ablation) in a phase
III randomized, double-blind, and placebo-
controlled study (STORM) unfortunately failed
to meet its primary end point: no significant
differences were evident in recurrence-free sur-
vival (sorafenib vs. placebo hazard ratio [HR]
¼ 0.94; 95% CI, 0.78–1.134) (Bruix 2014). For
patients with hepatitis virus–associated HCC,
the benefits of adjuvant antiviral therapy have
been shown (Kubo et al. 2013). The rationale of
adjuvant antiviral therapy is that the rate of re-
currence, particularly of multicentric carcino-
genesis after surgery, is affected by persistent
active hepatitis and hepatic fibrosis caused by
HBV or HCV (Kubo et al. 2000a,b; Wu et al.
2009). Interferon therapy may improve the out-
come after curative resection for HCV-relat-
ed HCC. A meta-analysis of randomized con-
trolled trials showed that adjuvant interferon,
with an 8%–20% discontinued rate, signifi-
cantly decreased early (within 2 yr of surgery)
mortality (pooled risk ratio [RR] 0.65; 95% CI,
0.52–0.80) and early tumor recurrence (RR
0.86; 95% CI, 0.76–0.97) after curative resec-
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tion for HCV-related HCC (Breitenstein et al.
2009). However, a recent study with long-term
follow-up (median 63.8 mo) in 268 HCV-relat-
ed HCC patients reported that adjuvant inter-
feron did not have a significantly lower risk of
disease recurrence as compared with the control
group (Chen et al. 2012). The true benefit of
interferon awaits confirmation from larger trials
with long-term outcome.

In patients with HBV-related HCC, nucleo-
side/nucleotide analogs may also improve the
outcome after curative resection for HBV-relat-
ed HCC. A two-stage longitudinal clinical study
concluded that nucleos(t)ide analog treatment
significantly reduced the risk of HCC recur-
rence (HR 0.48; 95% CI, 0.32–0.70) and
HCC-related deaths (HR 0.26; 95% CI, 0.14–
0.50) after curative treatment in its randomized
trial cohort (n ¼ 163) (Yin et al. 2013). A na-
tionwide population-based study from Taiwan
observed a significant association of antiviral
treatment with a lower risk of HCC recurrence
(6-yr cumulative incidence 46% vs. 55%) at a
relatively short median follow-up duration (Wu
et al. 2012). It should be noted that this obser-
vational database study has limitations in re-
sults interpretation. Similarly, the benefits of
adjuvant nucleos(t)ide analogs in patients
with resected HBV-related HCC await confir-
mation in larger controlled trials with adequate
follow-up.

Liver Transplantation

Liver transplantation has the advantage of cor-
recting the underlying cirrhosis, reducing the
risk of postoperative liver failure, and has been
generally considered the treatment of choice for
patients with early-stage HCC with moderate to
severe cirrhosis. Selective criteria for liver trans-
plantation, known as the Milan criteria, were
first introduced by Mazzaferro et al. (1996)
and included a single tumor �5 cm or no
more than three multiple tumors with the larg-
est �3 cm in diameter, and no evidence of mac-
rovascular involvement or extrahepatic disease.
Mazzaferro et al. (1996) showed 4-yr overall
and recurrence-free survival rates of 85% and
92% in HCC patients who met the Milan crite-

ria and underwent liver transplantation. Subse-
quent studies have proposed to expand trans-
plantation eligibility beyond the current Milan
criteria to include larger and more numerous
tumors (Yao et al. 2001; Duffy et al. 2007; Her-
rero et al. 2008). However, it remains controver-
sial to universally accept these expanded criteria
(Mazzaferro 2007). Mazzaferro et al. showed
that by defining the up-to-seven rule (HCC
with seven as the sum of the size of the largest
tumor in cm and the number of tumors), there
was indeed a group of HCC patients outside the
conventional Milan criteria that had a compa-
rable outcome with those within the conven-
tional Milan criteria. This up-to-seven criteria
captured most of the alternative proposals of the
expansion of conventional Milan criteria (such
as the University of California, San Francisco
and University of California, Los Angeles crite-
ria) (Yao et al. 2001; Duffy et al. 2007). Regional
organ availability and transplantation waiting
time are important factors affecting the decision
to perform transplantation, and, in this regard,
living-donor liver transplantation is an alterna-
tive transplantation approach for selected pa-
tients that may increase the organ donor pool,
enable transplant for borderline indications,
and enable early transplantation before the tu-
mor exceeds transplantability (Sugawara et al.
2007; Lee and Moon 2013; Hackl et al. 2014).
Furthermore, because donor liver availability
and median liver waiting time varies among re-
gions and may affect the outcome of liver trans-
plantation, it is difficult to directly compare the
effectiveness of liver transplantation versus par-
tial hepatectomy in patients with resectable
HCC and Child–Pugh class A cirrhosis. Recent-
ly, a meta-analysis of nine retrospective cohorts
(total of 2279 patients) reported liver transplan-
tation in HCC patients increased the late dis-
ease-free and overall survival (at 10 yr), com-
pared with liver resection, but at the expense
of higher short-term mortality (Rahman et al.
2012).

Locoregional Therapy

Locoregional ablative therapy, including etha-
nol injection, radiofrequency ablation, and

C.-Y. Liu et al.

10 Cite this article as Cold Spring Harb Perspect Med 2015;5:a021535

w
w

w
.p

er
sp

ec
ti

ve
si

n
m

ed
ic

in
e.

o
rg

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://perspectivesinmedicine.cshlp.org/Downloaded from 

http://perspectivesinmedicine.cshlp.org/


cryotherapy, can be the primary treatment for
selected inoperable patients with HCC confined
to the liver, but can also be used as a bridge to
liver transplantation or as a palliative procedure
to extend disease-free survival.

Radiofrequency ablation (RFA), inducing
thermal destruction of HCC by coagulative ne-
crosis, has been proven superior to percutane-
ous ethanol injection (PEI) as the ablative ther-
apy of choice in the treatment of early HCC (Lin
et al. 2005; Shiina et al. 2005). When compared
with liver resection, RFA generally is associated
with lower morbidity in patients with small
HCC (Feng et al. 2014). However, efficacy of
RFA versus surgical resection in the treatment
of early HCC remains an ongoing issue (Cho
et al. 2011; Huang et al. 2011; Feng et al. 2014).
Several randomized controlled studies have
shown comparable overall survival of RFA ver-
sus surgical resection in patients with small
HCC (tumor size less than 4 cm) (Chen et al.
2006; Feng et al. 2012). However, the subgroup
analysis by Chen et al. showed higher disease-
free survival rate in the resection group when
tumor size ranged from 3.1 to 5.0 cm (65% at
3 yr vs. 45% in the RFA group) (Chen et al.
2006). Recently, a meta-analysis of 22 studies
concluded that there were superior survival out-
comes from surgical resection of HCCs measur-
ing .3 cm compared with RFA (Cho et al.
2011; Huang et al. 2011; Feng et al. 2014). Given
the nonsuperiority of RFA over surgical resec-
tion in small HCC, its inferiority in larger tu-
mors, and the reported 12.5% risk of needle-
track tumor seeding (Llovet et al. 2001), the
guidelines only recommend ablation in small
tumors that are not amendable to surgical re-
section or transplantation (Fong and Tanabe
2014). Microwave ablation has emerged in re-
cent years, but further prospective clinical trials
are needed to better delineate the role of this
approach in HCC (Martin et al. 2010).

CONCLUDING REMARKS

With advances in the understanding of the steps
leading to hepatocarcinogenesis, multiple novel
treatment strategies have emerged, including
combination therapy of current treatment mo-

dalities. Treatment of liver cancer is a multidis-
ciplinary and multimodel treatment approach
with options that are chosen generally on an
individualized patient basis according to the
complex interplay of tumor stage and the extent
of underlying liver disease, as well as patient
performance status. Future efforts on the devel-
opment of better predictive, diagnostic, and
prognostic biomarkers of HCC as well as molec-
ularly targeted therapy may improve the overall
survival of patients with HCC across stages.
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