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Abstract
Hepatocellular carcinoma (HCC) is among the leading causes
of cancer-related mortality. The principal treatment is surgical
resection or liver transplantation, depending on whether the
patient is a suitable transplant candidate. However, in most
patients with HCC the diagnosis is often late, thereby excluding the patients from definitive surgical resection. Medical
treatment includes sorafenib, which is the most commonly
used systemic therapy; although, it has been shown to only
minimally impact patient survival by several months. Chemotherapy and radiotherapy are generally ineffective. Due to the
poor prognosis of patients with HCC, newer treatments are
needed with several being in development, either in preclinical or clinical studies. In this review article, we provide an
update on the current and future medical and surgical
management of HCC.
Citation of this article: Daher S, Massarwa M, Benson AA,
Khoury T. Current and future treatment of hepatocellular carcinoma: an updated comprehensive review. J Clin Transl Hepatol 2018;6(1):69–78. doi: 10.14218/JCTH.2017.00031.

Introduction
Hepatocellular carcinoma (HCC) is currently the sixth most
common cancer worldwide, and considered to be the second
deadliest cancer for men and sixth for women; according to
GLOBOCAN, in 2012 it was estimated that 745,517 deaths
were a direct result of HCC.1–4 HCC development, in most
cases, arises in the setting of underlying end-stage liver
disease, secondary to either viral hepatitis (specifically hepatitis B virus (HBV) or hepatitis C virus) or other non-viral
chronic liver diseases.5,6 Given its asymptomatic nature in
the early stages of the disease, the majority of HCC cases

are detected in advanced stages, leading to incurable
disease states.7 Currently, sorafenib is the only approved systemic medication for the treatment of advanced HCC, in addition to other several medical and surgical treatment options
(Fig. 1); however, there is a great unmet need for new effective therapies for this condition.
Genetic aberrancy in HCC
In vitro, HCC cells have been shown to be associated with
several chromosomal genetic alterations. To date, several
aberrant genes encoding proteins have been identified and
implicated in HCC pathogenesis, including P53, P16, P73,
APC, PTEN, IGF-2, BRCA2, SMAD2, SOCS, beta-catenin, retinoblastoma proteins, c-myc and cyclin D1 proteins.8–10 P53
is considered as one of the most common mutated genes that
is expressed in HCC, from among these genes mentioned.11
Other than the specific genetic mutation in HCC, there are
several involved signaling/angiogenetic pathways observed in
HCC development, including vascular factors produced by
tumor cells themselves, growth factors and oncogene receptors. For example, HCC overexpresses epidermal growth factor,
which stimulates tyrosine kinase receptor that in return stimulates cell surface signal transmission to the nucleus.
Another similar mechanism that underlies HCC development involves MAPK pathway activation acting through the
Ras protein. The Ras protein undergoes activation via phosphorylation, which allows the delivery of signals to the
nucleus via downstream components of the pathway, such
as ERK1, RAF and MEK.12,13 As mentioned above, HCC is a
highly-vascularized tumor with strong angiogenetic activity
that is enriched with vascular endothelial growth factor on
the surface of tumor cells. Thus, the vascular endothelial
growth factor (VEGF) pathway has also been targeted as a
treatment for HCC.12
HCC epigenetics
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Several epigenetic factors underlie the progression of HCC,
including invasion, distant metastasis and hematological
dissemination. Epigenetics are related to heritable phenotypic
change that does not relate to changes of the genome
but rather changes that may result from environmental
factors, or other developmental factors. Epigenetic alterations that have been reported in HCC include DNA hyper-/
hypo-methylation, histone disruption and non-coding RNAs
as manifested by altered expression of mirco-RNAs.14,15
Those epigenetic changes can be used for diagnostic purposes, as well for prognosis. For example, liver specific DNA
methylation can guide the clinician for early urgent screening
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Fig. 1. Summary of the available medical and surgical treatment options for HCC.

for HCC in cirrhotic patients.16 Furthermore, under-expression
of miR-122 was associated with poorer prognosis in HCC
patients.17 Similarly, histone modifying genes (EZH2 and
SUV39HZ) and protein produced by histone phosphorylation
(ARK1 and ARK2) were all poor predictors of outcome and
invasiveness.18,19 A recent study by Mansour et al.20 found
that hypermethylation of RASSF1A positively correlated
with increased tumor size but not with alpha-fetoprotein
level, and aggravated the hepatocarcinogenic process;
the authors suggested the incorporation of RASSF1A measurement as a screening tool in patients at risk for HCC
development.
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All those epigenetic biomarkers are promising targets in
HCC that may provide clinicians with better diagnostic and
prognostic tools; and, in the future, epigenetic-directed
therapy might be developed.
Former and current medical treatment
Sorafenib
The development of targeted therapies for HCC has been
ongoing for many years, leading to the development of
sorafenib in 1990. Due to the dearth of medical therapy for
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Fig. 2. Mechanism of action of sorafenib. Sorafenib inhibits the action of tyrosine kinase Raf and other factors involved in vasculogenesis (vascular endothelial growth
factor receptor and platelet-derived growth factor receptor), which in turn inhibits activation of other downstream multikinases that are normally essential for cell growth,
angiogenesis, proliferation and metastasis of HCC cells.

HCC, sorafenib was rapidly approved by the Food and
Drug Administration (FDA), irrespective of the degree of
cirrhosis.21 Sorafenib is an oral multi-kinase inhibitor that
inhibits cell proliferation through a strong inhibition of the
serine/threonine kinase RAF. Moreover, it was shown to
inhibit pro-angiogenic VEGF and platelet-derived growth
factor receptor (Fig. 2).22,23 Sorafenib was initially approved
by the FDA for treatment of metastatic renal cell carcinoma,
and later it was approved for management of HCC and metastatic differentiated thyroid carcinoma.24
The efficacy of sorafenib has been demonstrated in several
studies. In the SHARP randomized controlled trial, the overall
survival in the sorafenib treatment group was 10.7 months,
as compared to 7.9 months of the placebo group, with a good
safety profile in HCC patients,25 making sorafenib the only
approved systemic agent for the treatment of advanced
HCC. There is a great unmet need for new, effective therapies
for this condition. However, even though sorafenib is currently
regarded as the best option in advanced HCC, it is only able to
prolong survival for a few months.
Systemic chemotherapy and radiotherapy
Previously, HCC was treated with chemotherapy and radiotherapy. However, the reported literature has shown poor
results associated with those treatment options. Thus, their
use is still controversial and only applicable in the context of
palliative treatment. HCC is traditionally considered as a highly
chemo-resistant tumor. However, conventional chemotherapy
is still considered for palliation therapy, which may improve the
patient’s quality of life. Among the chemotherapeutic drugs
used in HCC, doxorubicin is one of the most commonly used,
even though in up to 90% of cases it did not show response

and it did not improve survival partial. Other commonly used
chemotherapeutic drugs include 5-fluorouracil in combination
and cisplatin either alone or in combination therapy.8,26
Overall, other investigated chemotherapeutic drugs, such as
capecitabine, mitoxantrone, placlitaxel, gemcitabine and irinotecan, have failed to show promising results.27–29
Similar to that seen with chemotherapy, HCC is radiotherapy-resistant and treatment with systemic radiotherapy
plays only a minor role in HCC cases. The diverse genetic
aberration in HCC, as well as the expression of the P53 gene
and other genes and/or proteins involved in cell death and
proliferation pathways, might provide the basis for the development of resistance for radiation.30,31 Systemic radiotherapy is still used for palliative therapy of HCC metastasis.
Current and future medical treatments
Recently, researchers have focused on the development of
HCC-targeted medications. For example, several drugs have
been developed targeting angiogenesis, such as sunitinib,
brivanib, linifanib, vatalanib, TSU-68, cediranib, bevacizumab
and ramucirumab.32 Several other therapies were also under
development, including epidermal growth factor receptor
inhibitors erlotinib and lapatinib, MEK1/2 competitive inhibitor (selumetinib), mTOR antagonist (everolimus) and multikinase inhibitors (nintedanib and regorafenib). However, all of
these medications are still in pre-clinical and early clinical
studies and none of them have been yet been shown to be
effective or approved for HCC treatment.32
Oncolytic virus therapy
Recently, more attention and research efforts has been
put forth towards oncolytic virus therapy, a promising new
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Fig. 3. Mechanism of action of oncolytic virus therapy. After HCC-induced
oncolytic virus infection, the virus multiplies within the HCC cells, leading to cell
rupture and release of second-generation viruses that infect the surrounding HCC
cells, as well to cytokines release which in turn activate the antitumor immune
response by recruitment of immune cells (innate and adaptive immune system)
that lead to immune clearance and HCC apoptosis.

therapeutic approach for cancer treatment. This treatment
strategy is defined as a genetically engineered or naturally
occurring virus that can kill cancer cells by activating the
immune system, subsequently combating the cancerous cells
without harming the normal tissues (Fig. 3). Recent studies
have shown that the administration of a second-generation
oncolytic herpes simplex virus-type 1 with granulocyte macrophage colony-stimulating factor into malignant melanoma
lesions suppresses tumor growth and progression, which was
associated with an overall survival benefit.
The second-generation oncolytic human simplex virus
type-1 is the first oncolytic virus therapy approved in both
the USA and Europe. Clinical studies are being performed in
several oncolytic viruses, including vaccinia virus JX-594
(pexastimogene devacirepvec) for HCC, granulocyte macrophage colony-stimulating factor-expressing adenovirus
CG0070 for bladder cancer, and Reolysin (pelareorep),
a wild-type variant of reovirus, for head and neck cancer;
and, in Japan, a phase II clinical trial of a third-generation
oncolytic human simplex virus type-1 in glioblastoma patients
is still ongoing. Interestingly, oncolytic virus therapy seems to
be the anticipated breakthrough in cancer therapy generally
and in HCC specifically.33
Immunotherapy
The immune system is a crucial player in the combat against
malignancies. Since its introduction into clinical practice,
immunotherapy has revolutionized cancer treatment. Two
checkpoint inhibitors have been developed for cancer treatment, the cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) and the programmed cell death protein 1 pathway
(PD-1/PD-L1); this approach is now considered as a cornerstone treatment regimen in cancer therapy. The first CTLA-4
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inhibitor was ipilimumab, which showed a significant survival
benefit in patients with advanced melanoma,34 which led to
its approval by the USA FDA in 2011.
In HCC, immune tolerance is present owing to several
immunosuppression mechanisms that lead to augmented
inhibitory checkpoint molecules. Among those signals that
lead to immune tolerance are CTLA-4,35 PD-1 and its ligand
(PD-L1),36 lymphocyte-activation gene 3,37 and T-cell membrane protein 3 and its ligand (galectin-9).38 A recent study
reported overexpression of lymphocyte-activation gene 3 in
HBV patients, and showed it to cause a reduction in CD8+ T
lymphocyte infiltration of HCC.37 Moreover, Li et al.38 showed
that targeting of the T-cell membrane protein 3/galectin-9
pathway can be an effective potential therapy of HCC related
to HBV.
Several preclinical and clinical studies have been published
regarding immunotherapy in HCC. Chen et al.39 showed that
administration of CTLA-4 inhibitor augments antitumor
immunity in a murine HCC model, with a tumor rejection
rate of 90% and a curative rate of 50% in metastatic HCC.
Another clinical study reported a partial response of 17.6%
and disease control of 76.4% of CTLA-4 inhibitor (tremelimumab) in patients with hepatitis C virus-associated HCC with
Child–Pugh grades A and B who failed traditional HCC
therapy.40 In that study, the most common side effects were
fatigue and anorexia, which occurred in almost one-half of
patients, and a transient elevation of liver enzymes mainly
after the first dose of therapy.
Similar to CTLA-4 inhibitor, PD-1/PDL-1 has been investigated in several studies. PD-1/PDL-1 is mainly found on
T and B lymphocytes, T-regulatory cells and natural killer
cells. This molecule mediates T cell function inhibition, thus
inhibiting tumor cell apoptosis.41,42 A recent study has shown
an association of increased disease progression and poorer
prognosis with intra-tumor and circulating PD-1/PDL-1 in
patients with HBV.36 Similarly, Gao et al.43 have shown a
poor prognosis of HCC with high intra-tumor expression of
PD-1/PDL-1, as compared to low-level expression. Moreover,
PDL-1 overexpression was the most important independent
factor for postoperative recurrence on multivariate analysis.
A recent published large multicenter study which evaluated
nivolumab, a fully human IgG4 monoclonal PD-1 inhibitor
antibody, in patients with histologically-proven advanced
HCC showed overall effective antitumor activity and tolerated
safety profile.44
Surgical treatments: minimally invasive procedures
In cirrhotic patients with HCC who are not candidates for
major surgical therapeutic procedures, minimally invasive
procedures, including radiofrequency ablation (RFA), transarterial chemoembolization (TACE), highly-focused ultrasound (HIFU), microwave ablation (MWA) and irreversible
electroporation (IRE), can be offered. These techniques are
performed with imaging control, and maximum efficiency for
nodules is less than 3 cm of diameter, for which the complete
response rate is around 80%. However, a high number of
recurrences has been reported with those techniques.45,46
TACE
TACE has been indicated as the first treatment option for
intermediate HCC patients with Barcelona Clinic Liver Cancer
(BCLC) stage B.46,47 TACE mediates its antitumor effect by
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local catheter-guided administration of chemotherapeutic
agents mixed with lipiodol which cause selective HCC targeted
blood supply embolization and subsequent ischemia and tissue
necrosis.1,48 Furthermore, TACE has been used as a bridging
therapy for HCC patients awaiting liver transplantation, in
order to prevent further tumor progression, thus maintaining
the eligibility criteria for liver transplantation.49 TACE has been
associated with 2-year survival benefit (HR = 0.53, 95%CI:
0.32–0.89; p = 0.017).50
Recent large meta-analysis (9 randomized controlled trials
were included) showed overall improved survival compared
to symptomatic treatment (HR = 0.705, 95%CI: 0.5–0.99).51
However, TACE has been associated with adverse events,
commonly post-embolization syndrome which is characterized by abdominal pain, elevated temperature and elevated
liver enzymes at 1–2 days following the procedure.52 Other
adverse events include iatrogenic bile duct injury, hypoxic
cholecystitis and liver abscess.53 Moreover, TACE-related
mortality has been reported in approximately 0.38%, according to recent study.54 However, in an advanced cirrhosis
stage, liver function deterioration can develop, and in one
study 17.3% of patients with cirrhosis and ascites developed
post-procedural liver failure, with 94% of patients dying
within 1 year following TACE.55
RFA
The first application of RFA was in 1990, and FDA approval was
obtained in 2001.56,57 Currently, RFA is the most commonly
applied minimally invasive treatment for advanced HCC. RFA
delivers a rapid electromagnetic pulse that causes thermal
injury leading to coagulative necrosis of the tissue. The heat
injury is dependent on both the temperature achieved and the
duration of heating. Recently, beneficial results have been
demonstrated by RFA in local advanced HCC.
Currently, RFA is considered as one of the main treatments
of HCC and it can achieve complete response rates in about
90–100% of HCC lesions below 3 cm, with the ability to obtain
clear surgical margins. It is considered as an effective alternative for surgical resection in operable BCLC 0–1, according
to the European Association for the Study of the Liver disease
(EASL)- European Organization for Research and Treatment
of Cancer.58 Moreover, there are reports that RFA can be used
to hinder the progression of HCC until liver transplant.59
Recently, the international recommendation is not to treat
HCC by RFA when the HCC size exceeds 5 cm.23,60
The RFA safety profile is high, as it is associated with minor
side effects in about 5% and all of them are self-limited.
However, mortality and major complications have been
reported in 0.3% and 2% with RFA, respectively, including
biliary tree injury, hemorrhage, hepatic abscess and intestinal
perforation.61 Another worrisome complication that was
reported in almost 0.5% is tumor seeding during the time of
needle withdrawal; however, this complication can be prevented by application of low-grade heat in the tract at the
time of withdrawal of the needle.
Percutaneous ethanol injection therapy (PEIT)
PEIT is one of the most common chemical ablation techniques for HCC patients who are not candidates for surgery
and who have BCLC stage 0-A.62 It is still commonly used,
given its low cost and technical simplicity. Ethanol is a cytotoxic material that causes tumorous tissue necrosis, as well

tumor microcirculation thrombosis and resultant ischemia.
The destructive effect of alcohol is effective due to the extensive vascularity and soft consistency of HCC, which enables
the alcohol to diffusely penetrate the tumor tissue.63
PEIT is mostly used in small HCC, at which the necrosis rate
of HCC less than 2 cm can reach 90–100%, while the rate
decreases to about 70% in HCC of more than 2 cm and less
than 3 cm.46 Ethanol injection requires multiple injections on
separate days and rarely induces significant necrosis in tumors
more than 3 cm, largely because the injected ethanol rarely
reaches the entire tumor volume. In one study, PEIT was
effective in only 50% of patients with multinodular or large
(3–5 cm) HCC; in addition, tumor progression was seen in
almost 33% of HCC of more than 3 cm despite several treatment courses.64
HCC size is a very important factor in the selection of
locoregional therapy, such as RFA. The American Association
for the Study of Liver Disease guidelines state that in HCC
less than 2 cm, the efficacy of RFA and PEIT is similar, while
in tumors more than 2 cm, RFA benefits outweigh PEIT.46
PEIT is associated with minor side effects and mostly is well
tolerated.65 The 1- and 5-year survival rates with PEIT are
reported to be 64%–100% and 32%–59%, respectively.66
Furthermore, the presence of septa within the tumor is important as it inhibits the diffusion capacity of ethanol into the
tumorous tissue, which reduces the probability of achieving
complete response. Thus, tumor size and structure are very
crucial to accurate determination and are a perquisite for decision-making in PEIT treatment.
MWA
Thermo-ablative treatment for HCC has also been reported.
MWA consists of electromagnetic waves that range from
1–300 GHz. It can be performed by several routes, including
intraoperatively, laparoscopically and percutaneously. MWA
has some advantageous features over RFA, including higher
temperature degree being transmitted to the target tissue,
shorter duration of treatment session and the absence of skin
burning risk. Earlier randomized controlled trials that aimed
to compare RFA versus MWA reported similar efficacy of the
two therapeutic methods; however, RFA was slightly superior
to MWA in terms of local tumor control and relatively lower
rate of complications.67 Moreover, a recent large study involving more than 1000 patients with malignant hepatic tumors
which were treated by MWA reported a major complication
rate of 2.6% and with higher minor complication rate, including pain, fever, pleural effusion and skin burns.68
HIFU
HIFU is another noninvasive technique used for the treatment
of unresectable HCC, intended to deliver mechanical energetic waves to a targeted volume of HCC and causing tissue
destruction by local heat waves. HIFU has been used in the
management of benign prostatic hypertrophy and inoperable
prostatic cancer69,70 and in uterus myoma.71 Furthermore,
HIFU has shown efficacy in treating liver malignancies in
both animal and human studies.72,73 The mechanism involves
the ultrasound initiating vibrating particles longitudinally and
transversally to the direction of spreading. When ultrasound
waves are focused to reach high acoustic densities (100–
10,000 W/cm2), which rapidly raises local temperature to at
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least 56 degrees Celsius and above, this leads to parenchymal
necrosis induced by heat shock in few seconds.74
The typical HIFU transducer generates a cylindrical focus
with a diameter of 1.5 mm and a length of 1 cm in the
direction of the wave. Adjacent to the focus, the temperature
decreases rapidly, leading to histologically clearly-defined
tissue coagulation.75 Several limitations are related to this
method, including the delivery of small size of focus volume,
necessitating multiple treatment sessions. Another limitation
is the formation of microbubbles when high acoustic intensities are used, which interfere with the acoustic field.
Still, large randomized trials are needed before any
conclusion can be made in the utility for clinical practice.
IRE
IRE was mainly used as electro-chemotherapy to affect the
cell membrane permeability. IRE acts by generating very
short electrical pulses that cause loss of membrane potential
in human cells by destabilizing them, which subsequently
causes formation of larger holes in the cell membrane that
finally lead to cell death. Currently, IRE is extensively used in
water decontamination and sterilization or preprocessing
use; recently, its use in killing of tumor cells has been
reported. The IRE technique has the ability to delineate the
tumor borders by accurately applying electrical pulse to the
tumorous tissue without affecting the adjacent healthy parenchyma; thus, the structures in proximity to the destroyed
tissue by IRE are preserved.76–78
Selective internal radiation therapy (SIRT)
More recently, SIRT has been developed for use in HCC
patients who are ineligible for other therapies, and specifically
in cases such as lesions more than 7 cm in diameter, with
vascular invasion and failure of prior TACE. In this technique,
HCC are targeted via injection of microspheres, which are
labelled with b-emitting radioisotope, such as 90Yttrium,
which then delivers the radiation to the liver tumor.79
Several studies have been performed and reported various
responses, including partial response, complete response
and stable disease.
Salem et al.80 reported treatment with 90Yttrium in a
single-center, prospective, longitudinal cohort study of 291
HCC patients. The 30-day mortality rate was 3%. Response
rates were 42% and 57% based on World Health Organization
and EASL criteria, respectively. The overall TTP was 7.9
months (95%CI, 6–10.3). Survival times differed between
patients with Child-Pugh A and B disease (A, 17.2 months;
B, 7.7 months; p = 0.002).80 Another study by Hilgard et al.81
reported complete response in 3% of patients, partial
response in 37%, stable disease in 53%, and primary progression in 6% of the patients with HCC; the median overall
survival was 16.4 months. Another study showed no differences between SIRT and drug-eluting bead TACE.82
Several adverse events have been associated with SIRT,
including radiation pneumonitis and pulmonary fibrosis in the
setting of hepato-pulmonary shunts.83 Furthermore, SIRT
may cause gastrointestinal ulceration. The most common
complication is post-radioembolization syndrome, which
includes abdominal pain, nausea and fatigue. Fever is
mostly transient, lasting up to 1 month after SIRT.84
It is important to accurately select HCC cases for SIRT as it
was shown to be associated with radioembolization-induced
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liver disease, which is characterized by symptoms of liver
failure in the absence of HCC progression. This syndrome
arises from 1–2 months following procedures and is characterized by ascites and reduced liver function.84 Other less
frequently reported adverse events include post-SIRT cholecystitis, abscess and bilioma, which occur in less than 2% of
cases.85
In conclusion, SIRT is a promising treatment option for
advanced unresectable HCC cases.
Sorafenib combined with TACE
The administration of conventional TACE led to increased
survival rates of 80%, 43% and 23% at a time frame of 1, 3,
and 5 years, respectively.86 Still, TACE limitation is the
highest restriction rate, possibly due to the up-regulation of
VEGF and platelet-derived growth factor receptor in hepatic
tissues which consequently aggravates the process of angiogenesis. However, a prospective single-center study by Pawlik
et al.87 which examined the application of combined TACE
with doxorubicin-eluting beads and sorafenib in patients
with advanced HCC showed a disease control rate of 95%,
according to Response Evaluation Criteria in Solid Tumors
Group, and 100% according to EASL, and an objective
response rate of 58% according to EASL.
Another few clinical trials have shown promising results.
Bai et al.88 has conducted a prospective nonrandomized controlled trial which compare the efficacy of sorafenib in combination with TACE versus TACE alone for the treatment of
patients with unresectable intermediate, or advanced hepatocellular carcinoma. The combination significantly increased
the median survival during a follow-up period of 21.4 weeks
(7.5 vs. 5.1 months; HR = 0.61, 95% CI: 0.423–0.884; p =
0.009), as compared to the TACE group alone.88 Another multicenter retrospective study has shown similar results, with
overall median survival being 12 months (95% CI: 10.1–
13.9) in the sorafenib and TACE combination group.89 Given
these promising data, sorafenib in combination with TACE
should be considered for patients affected by advanced HCC.
Radiosurgery
The concept of radiosurgery was developed by Leksell in
1987.90 In this initial version (currently named the Gamma
Knife), radiosurgery was used for radiation of brain lesions
and upper spine, and recently, a computer assisted radiosurgical technique was developed that enabled treatment
administration for other organs, such as liver.91 Thus, this
CyberKnife System allows the administration of more
focused stereotactic radiation based on real-time visualization of the target lesion. The advantage of radiosurgery is
that it is capable of administration of radiation therapy to a
well characterized tumor with preservation of the surrounding
tissue.92 Previous studies have reported beneficial CyberKnife
treatment for colorectal cancer metastasis.93,94 Radiosurgery, as well, might be used as a pre-surgical therapy for
down-staging tumors that are not compatible for surgical
resection.95 Moreover, radiosurgery can be used for preventing tumor growth during liver regeneration after surgical
resection for HCC.96
Radiosurgery is an effective, feasible therapeutic option.
This new emerging therapy is mainly useful for patients who are
not eligible for surgery, and particularly for tumor down-staging
before surgical procedures such as liver transplantation or
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surgical resection. Further randomized clinical trials are needed
to examine the exact prognostic benefits in advanced HCC
patients and to more fully delineate the effectiveness of
radiosurgery compared to the traditional minimally invasive
procedures such as RFA.

resection are patients with an isolated liver tumor, absence of
radiological evidence of vascular invasion and patients with
preserved synthetic liver function.110,111
Associated liver partition and portal vein ligation for
staged hepatectomy (ALPPS)

Liver Transplantation
The definitive treatment of HCC is liver transplantation, which
allows for both treatment of the underlying liver disease and
cure of the HCC.97 However, only a small proportion of
patients receive a liver due to the strict criteria of liver transplantation in HCC patients (Milan criteria which include
patients with one tumor of less than 5 cm or up to three
tumors less than 3 cm) and the availability of organs.98 The
4-year survival rate of patients within Milan criteria was
75%.98 However, after a liver transplantation the risk of
re-infection persists, and approximately half of the patients
develop liver cirrhosis post-transplantation.46,99
To validate Milan criteria, a recent systemic review of 90
studies that followed 17,780 patients over a 15-year period
identified the Milan criteria as an independent prognostic
factor of outcome after orthotopic liver transplantation.100
A recent study showed an improved selection of patients with
HCC for liver transplantation when adding alpha-fetoprotein
and des-gamma carboxyprothrombin into the criteria.101
Furthermore, the University of California San Francisco (commonly known as UCSF) has prospectively and retrospectively
utilized a newly defined criterion which includes several variables, a single lesion less than or equal to 6.5 cm, or three or
fewer nodules with the largest lesion being less than or equal
to 4.5 cm and with a total diameter of less than or equal to
8 cm. The UCSF 1- and 5-year survival rates were 90% and
75%, respectively.102 Similarly, the survival and disease recurrence rates were comparable to those of the Milan criteria.103
Another study by Dubay et al.104 found an excellent post-liver
transplantation rate of any HCC size and number when aggressive ablative therapies were applied and when the histology
ruled out poorly differentiated HCC.
Surgical resection
In HCC cases without signs of advanced liver fibrosis and
portal hypertension, surgical resection is considered the
treatment of choice. However, liver surgery in patients with
chronic liver disease is associated with an increased risk of
hepatic failure, especially after extended resection. Although
surgical resection might be a curative option, it is limited by
several factors, including high complication rates of blood
loss, morbidity and mortality.105 HCC resection is also contraindicated in cirrhotic patients in advanced stages (Child-Pugh
scores B and C or model for end-stage liver disease over 10).
However, recent studies have reported a low mortality rate of
less than 5% in cases of cirrhosis without evidence of portal
hypertension.106,107
Due to the high rate of disease recurrence, the 5-year
survival rates after partial hepatectomy for HCC range
between 60% and 70%. The recurrence rate may be due to
the formation of new HCC, or the presence of microvascular
invasion or satellite nodules.108,109 Currently, the recommendation of EASL and the European Organization for Research
and Treatment of Cancer guidelines7 state that surgery is
restricted to those patients in the very early or early stages
of disease (BCLC 0-A). Thus, the best candidates for surgical

ALPPS is considered as another surgical option for hepatic
malignancy. The main advantage of ALPPS is future liver
remnant (FLR) induction in short time period.112–114 Regenerative capacity is induced by several factors, including
hepatic inflow redistribution after portal vein ligation, secretion of several hepato-proliferative factors by liver surgical
procedure-induced inflammation that accelerate FLR
growth, and transection of bilateral lobes of the liver, preventing collateral circulation formation and further increasing
the hepatic inflow to the FLR.115 This advantage in ALPPS
overcomes the surgical limitations in classic liver surgery,
including technical impossibility when the right portal vein is
invaded by tumor and unresectability of tumor due to extensive progression. Thus, the ALPPS procedure has achieved
increased interest among liver surgeons.
ALPPS is however associated with complications, including
biliary leakage and intraperitoneal infection.116 Overall
mortality rate of 59%–64% and hospital mortality rate of
12–16% have been seen in association with ALPPS.115 Therefore, controversy exists regarding the use of this procedure in
real clinical practice.117 Furthermore, the overall 90-day mortality of ALPPS according to the international ALPPS registry
was 8.8%, in which 75% of deaths were related to acute liver
failure that appeared following the surgery. Moreover, a
model for end-stage liver disease score more than 10 was
an independent factor to increased mortality.118
In current clinical practice, ALPPS might be considered in
several clinical scenarios, as follows: inability of performing
the classic conventional surgical approach due to portal vein
involvement by HCC; progressive HCC where the risk for
tumor progression is high between the two stages of the
conventional surgical approach; and, in progressive HCC
extension to the vena cava or even right atrium. Contraindications for ALPPS include inoperable hepatic metastasis in
the FLR, significant portal hypertension and unresectable
extrahepatic metastasis.119 Recent studies reported a high
perioperative mortality rate of 31% for most HCC patients.
Moreover, the evidence of the oncological endpoints and technical availability of ALPPS is scarce, thus this strategy should
be considered in only a highly-selected patient population.120
Further studies are needed to examine the exact role of ALPPS
in the setting of HCC.
Conclusions
Hepatocellular carcinoma is an aggressive tumor associated
with a poor prognosis. Given its asymptomatic nature in the
early stages, HCC is mostly diagnosed at advanced stages,
often leading to incurable clinical situations. Current and
prior treatment options were only modestly associated with
increased survival. In fact, the survival benefit with sorafenib
was only for a few months. Nowadays, newly emerging
therapeutic targets, as well as new drugs and therapeutic
modalities have been investigated in pre-clinical and clinical
trials. Until the discovery of curative therapy, or at least drug
development with significant survival benefit, clinicians
should be careful to screen for HCC in cirrhotic patients and
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diagnosis should be done at early stages, so that if the HCC is
identified soon enough for liver transplant, the outcomes will
be quite good. Ongoing research should be performed on
all potential HCC targets, including at the immunological,
molecular and translational levels, in order to reduce the
increasing HCC mortality.
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