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Abstract

Hepatocellular carcinoma (HCC) is one of the major
malignant diseases in many healthcare systems. The
growing number of new cases diagnosed each year
is nearly equal to the number of deaths from this
cancer. Worldwide, HCC is a leading cause of cancer-
related deaths, as it is the fifth most common cancer
and the third most important cause of cancer related
death in men. Among various risk factors the two are
prevailing: viral hepatitis, namely chronic hepatitis C
virus is a well-established risk factor contributing to the
rising incidence of HCC. The epidemic of obesity and
the metabolic syndrome, not only in the United States
but also in Asia, tend to become the leading cause of
the long-term rise in the HCC incidence. Today, the
diagnosis of HCC is established within the national
surveillance programs in developed countries while
the diagnosis of symptomatic, advanced stage disease
still remains the characteristic of underdeveloped
countries. Although many different staging systems
have been developed and evaluated the Barcelona-
Clinic Liver Cancer staging system has emerged as
the most useful to guide HCC treatment. Treatment
allocation should be decided by a multidisciplinary
board involving hepatologists, pathologists, radiologists,
liver surgeons and oncologists guided by personalized
-based medicine. This approach is important not only
to balance between different oncologic treatments
strategies but also due to the complexity of the disease
(chronic liver disease and the cancer) and due to the
large number of potentially efficient therapies. Careful
patient selection and a tailored treatment modality
for every patient, either potentially curative (surgical
treatment and tumor ablation) or palliative (transarterial
therapy, radioembolization and medical treatment, /e,
sorafenib) is mandatory to achieve the best treatment
outcome.
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Core tip: In response to the hepatocellular carcinoma
(HCC) burden marked differences between countries
are reflected in providing disparate quality of healthcare
considering screening and surveillance programs;
available treatment modalities and drugs; reimbur-
sement of specific treatment options by the state-
funded health insurance. Since the nhumber of hew HCC
cases being diagnosed each year is nearly equal to
the number of deaths from this cancer it is clear that
the international scientific community and healthcare
systems worldwide have no efficient answer to this
problem. International consensus on the use of any
given staging model is lacking. High-quality trials with
better patients’ stratification are mandatory. This review
article reflects the perspective of liver surgeons working
in a developing country.
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INTRODUCTION

According to Bailar et al'*! cancer mortality rates have
not been significantly reduced in industrialized countries
except for testicular cancer, leukemia and lymphoma
in spite of an evident progress in developing innovative
approaches for cancer treatment. Hepatocellular
carcinoma (HCC) is a frustrating example for general
disappointment with the results of cancer treatment
having in mind that the growing number of new cases
being diagnosed each year is nearly equal to the number
of deaths from this disease'*.

Hepatocellular cancer is characterized by high and
increasing incidence, late diagnosis when curative
intent treatments are not feasible, low resectability
rate, high recurrence after a curative intent surgery,
poor response to medical treatments, and finally grave
prognosis. These characteristics define HCC as one
of the major malignant diseases in many healthcare
systems worldwide. Today, HCC is one of the leading
causes of cancer-related deaths, as it is the fifth most
common cancer and the third most important cause of
cancer related deaths in men®®*.

A growing incidence of HCC was found in North
America increasing annually by 5.4% between 2002 and
2006 being one of only four malignancies demonstrating
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a growing number of new cases'>*', Hispanics and blacks

are found to have the greatest increase in incidence
in the United States®. The overall 5-year survival less
than 12% and 3-fold increase in incidence of HCC from
1975-2007 in both sexes made HCC the fastest rising
cause of cancer related death in United States'”.

More than 748000 new cases are diagnosed each
year, accounting for 9.2% of all new cancer cases world-
wide (7.9% in men; 3.7% in women)®*®, Moreover, the
number of new cases of HCC increases continuously™".

Furthermore, HCC is a major burden for healthcare
systems in underdeveloped countries with 84% of the
world HCC population having the highest annual fatality
ratio of any human tumor (0.96)®°'"), Underdeveloped
regions may even have a 100-fold greater incidence of
HCC compared to developed countries. This is one of
the greatest differences recorded among cancers!'®.
Sub-Saharan Africa and Eastern Asia are regions with
the greatest incidence of HCC demonstrating incidence
rates of over 20 per 100000 individuals'’. This figure
is most probably even larger when considering that
many HCC cases remain under-diagnosed or under-
reported™. In these regions the most common cause
for HCC is HBV transmission at birth and the diagnosis
is established about one decade earlier compared to
the developed countries characterized by HCV acquired
later in life as a dominant cause for HCC"".

Mediterranean countries have intermediate incidence
rates of 10-20 per 100000 individuals, while North and
South America have a relatively low incidence despite of
the reported increase in the number of HCC cases (< 5
per 100000 individuals)"".

In developed countries, HCC dominantly occurs
in patients over 60 years old while in underdeveloped
regions the HCC diagnosis is already established in
many patients in their 30 s®*!, In all regions, there is
a predominance of the male over the female gender
(3/4:1) in the Asia-Pacific region, sub-Saharan Africa and
medium-risk countries, compared to 2:1 in regions with
a low incidence of HCC®*™Y,

The majority of HCC cases occur in cirrhotic livers!”
12131. therefore the competing mortality risks from the
tumor and the cirrhosis should be considered when
deciding for a specific treatment modality.

In the majority of countries worldwide the diagnosis
is established late when only limited treatment options
are available resulting in poor treatment outcome. Only
in Japan the strict adherence to the national surveillance
program led to improved treatment results. This is
mainly because approximately 20% of HCC cases are
diagnosed in an early stage when curative treatment
modalities can be applied™**!,

In response to the HCC burden marked differences
between countries worldwide are reflected in providing
disparate quality of healthcare considering screening and
surveillance programs; available treatment modalities
and drugs; reimbursement of specific treatment options
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by the state-funded health insurance.

RISK FACTORS AND ETIO-

PATHOGENESIS

Viral hepatitis, namely chronic hepatitis C virus (HCV)
is a well established risk factor contributing to the rising
incidence of HCC™®!, The epidemic of obesity and the
metabolic syndrome, not only in the United Stated™”
but also in Asia™®, tend to become the leading cause of
the long-term rise in HCC incidence.

HCV is an important global risk factor for HCC,
especially in developed countries, compiling more than
170 million of people being chronically infected world-
wide!®*”, The dominant prevalence is among injecting
drug users (60%-90%); hemophiliacs (50%-70%);
hemodialysis patients (15%-60%); and patients who
received blood transfusions before 1991 (5%-10%)™".
About 25% of patients having chronic HCV infection
will develop cirrhosis and significant proportion will
progress to HCC with a time interval of about 20 years
or longer™?,

HCV-related carcinogenesis is mediated by inducing
hepatic inflammation and later fibrosis; and finally by
promoting malignant transformation of infected cells'*”.

Approximately 55% of all worldwide HCC cases are
associated with chronic hepatitis B virus (HBV) infection®.
Among 400 million people chronically infected with HBYV,
about 25% will develop HCC®, Chronic HBV infection
distribution is nearly parallel to HCC high-risk regions
and it is implicated in the development of 85% of HCC
cases among ethnic Chinese and the Black African
population™®?*, While in the developed countries, HCC is
rare before the age of 40 irrespective of the HBV status,
in underdeveloped countries, there is a distinct shift
toward a younger age'>***, A study from China on Han
Chinese population characterized by high prevalence
of HBV infection demonstrated that polymorphism
of GRP78 gene (genotypes AA and AG of rs430397)
is associated with the development and prognosis of
HCCP,

HBV-induced carcinogenesis is essentially an in-
flammatory process resulting from the reaction of the
host's immune response to the presence of the virus.
Integration of HBV DNA into host DNA is considered a
critical step in HBV related HCC?**”), This leads to series
of changes like cell cycle progression, inactivation of
negative growth regulators, inhibition of the expression
of p53 tumor suppressor gene and other tumor suppressor
genest?®7],

Recently, a striking increase in the incidence of
obesity was recorded parallel to the increase in the
incidence of HCC in several developed countries?®®??,
The increase in the number of HCC related cancer
deaths in the United States has been documented
while at the same time it is estimated that 25% of the
population meet the diagnostic criteria for the metabolic
syndrome®”., In the great majority of the obese patients,
the obesity is attributed to the metabolic syndrome. A
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recent meta-analysis demonstrated that the relative
risk for HCC is 1.17 (95%CI: 1.02-1.34) in those who
were overweight [body mass index (BMI) 25-30 kg/m’]
and 1.89 (95%CI: 1.51-2.36) in those who were obese
(BMI > 30 kg/m?)P'. The incidence of the metabolic
syndrome continues to increase in developed countries
whereas the highest incidence is believed to occur in
the United Kingdom (34% of the adult population)®*.
While obesity is present in up to 100% of patients with
non-alcoholic fatty liver disease (NAFLD), the risk of liver
steatosis is much higher in obese than in non-obese
patients™>?. Finally, patients with liver steatosis are at
high risk for developing cirrhosis and HCC™?. Although
NAFLD is currently the most common liver disease in
developed countries, the incidence of HCC associated
with NAFLD is lower than HCC associated with non-
alcoholic steatohepatitis (NASH) (4%-27%)***%., Today,
the risk of HCC developing in NASH-cirrhotic patients
challenges the risk of HCC developing in HCV-cirrhotic
patients™®.

The pathogenesis linking obesity, NAFLD, NASH
and HCC is still a subject of research. The relationship
between obesity and HCC are thought to be mediated
by factors associated to metabolic syndrome, NAFLD
and NASH™.. There is growing evidence that links
obesity to chronic liver inflammation™”). Moreover it is
found that an excessive accumulation of fatty acids and
glucose lead to increased expression of tumor necrosis
factor-a, nuclear factor-kappa B, EGF heading to hepatic
inflammation®**",

One other finding is that adipose tissue induces
expression of leptin, a hormone that regulates body
mass™®. In animal models it was shown that leptin
promotes angiogenesis and mediate the progression of
NASH to HCC™®, Leptin is found to upregulate JAK/STAT,
AKT and ERK, i.e., signal transduction pathways involved
in cancer progression in HCC cells™,

Moreover, leptin levels are increased in patients
with NASH, what may explain an increased vascular
invasiveness in HCC patients with metabolic syndrome™.,

Aflatoxins is another risk factor for HCC. These
toxins are metabolites of the widely distributed fungi
Aspergillus flavus and Aspergillus parasiticus and their
toxic, teratogenic, mutagenic and carcinogenic properties
pose a serious risk to humans™*, Approximately 4.5
to 5.5 billion people worldwide are at risk of exposure
dominantly in Sub-Saharan Africa, Eastern Asia, and
parts of South America®*’!. Contamination occurs
either in tropical and subtropical climates or in conditions
where food drying and storage facilities are suboptimal.
Aflatoxins are responsible for between 4.6% and
28.2% of all HCC cases worldwide®”. The AFB1 toxin
is metabolized in the liver by p450 enzymes forming
AFB1-8,9-exo-epoxide, which further react with the p53
tumor suppressor gene****!, Mutation at codon 249 of
the p53 tumor suppressor gene accounts for 90% of
p53 mutations in AFB1-related HCC*®. There is a direct
correlation between the degree of exposure to AFB1 and
the incidence of HCC*?.
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The study from Yu et af*”! found a synergistic effect
of AFB1 and HBV in causing HCC since population with
HBV who lived in the region of high exposure to AFB1
were associated to a mortality rate ten times higher
than that of population with HBV living in the region of
low exposure to the toxin.

Alcohol abuse, lasting more than 10 years, increases
the chance for HCC development approximately five
fold“®, It is most common in the Americas (32% of
HCC cases in the United States)™™! and Western Europe
(45% of the cases in Italy™*) and the incidence is
increasing in Asia”". In principle, patients who develop
the tumor have alcohol-induced cirrhosis™.

Other less frequent risk factors include iron
overload™, hereditary hemochromatosis'®, tobacco
smoking™*** and membranous obstruction of inferior
vena cava™.

DIAGNOSIS

Today, the diagnosis of HCC is established within the
national surveillance programs in developed countries
while the diagnosis of symptomatic, advanced stage,
disease still remains the characteristic of underdeveloped
countries. According to the American Association for
the Study of Liver Diseases (AASLD) screening for HCC
is recommended according to existing guidelines in all
cirrhotic patients using ultrasound every six months®®.
Screening for chronic HBV carriers is recommended as
well®7,

When a nodule is detected in a cirrhotic liver, a
contrast-enhanced diagnostic procedure is strongly
recommended. It is important to search for the typical
signs of HCC (arterial phase enhancement and portal
venous phase washout)®®. The updated guidelines of
AASLD consider that a non-invasive diagnosis of HCC
can be established if a lesion > 10 mm has a typical
vascular enhancement pattern in 4-phase multi-detector
row CT (MDCT) or dynamic contrast enhanced magnetic
resonance imaging (DCE-MRI)™®. These guidelines
were also accepted by the European societies™®.

Although MDCT is currently the most common
imaging modality for detecting HCC, it is suboptimal
for nodule characterization. DCE-MRI, with liver-
specific contrast agents, has emerged as the preferred
diagnostic modality for the investigation of HCC as it
facilitates liver cancer characterization®™*°". A recent
meta-analysis'®” estimated the accuracy of MRI with
liver-specific contrast agents compared to MDCT for the
detection and characterization of HCC and demonstrated
the superiority of MRI for the detection of HCC lesions <
20 mm.

For nodules smaller than 1 cm, a repeated ultra-
sound examination in three months intervals is recom-
mended™®. A biopsy is required only if imaging is
inconclusive for lesions smaller than 2 cm, or it is atypical
for lesions larger than 2 cm when the AFP level is not
elevated™®, However, biopsy carries an approximately
2% risk of tumor seeding'®” and the false-negative
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rate can be greater than 10% for small lesions®*. The
AASLD guideline has been prospectively validated for
focal lesions 0.5 to 2.0 cm in size using MRI and contrast-
enhanced ultrasound, and demonstrated a low sensi-
tivity (33%) but a very high specificity (100%) for the
diagnosis of HCC®®.

STAGING

Since 1984 nine different staging systems have been
developed and evaluated. The Barcelona-Clinic Liver
Cancer (BCLC) staging system has emerged as the
most useful to guide treatment decisions (Figure 1).
BCLC is based on the analysis of independent studies in
different clinical settings. It includes prognostic variables
related to tumor status, liver functional status, and
health performance status, together with treatment-
dependent variables obtained from cohort studies and
randomized clinical trials. The system links tumor stage
with the treatment strategy allowing an estimation of life
expectancy associated to specific HCC management!®®!,

BCLC demonstrated the best independent predic-
tive power in many trials™ ! when the entire patient
population was included [not limited to patient population
treated by surgery, radiofrequency ablation (RFA) or
transarterial chemoembolization (TACE) only]. The BCLC
staging system was externally validated®”®®"*"? and
has practically become an universal staging and treat-
ment system. Moreover it was endorsed by European
Association for the study of the liver (EASL) and AASLD
as standard for patients with HCC®*%®,

However, other trials have demonstrated conflicting
results thus favoring other staging systems'’>””, Graf et
al”® have shown many limitations for the BCLC staging
system (Table 1). Furthermore, as indicated by Maida
et al” the BCLC staging system was not derived from
a cohort of HCC patients by a multivariate analysis, and
therefore it is not a prognostic model able to predict the
mortality of HCC patients. Moreover, the intermediate
stage (BCLC B) includes an extremely heterogeneous
population in terms of both liver function and tumor
characteristics and the main limitation of the BCLC is
represented by its rigidity when it is acting as a treat-
ment algorithm"?..

Importantly, treatment allocation should be decided
by a multidisciplinary board based on individualized
rather than on a guideline-based approach™®.

Although BCLC is the most comprehensive staging
system, as it integrates tumor status, liver function and
the performance status neither BCLC nor any other of
the staging systems has been universally accepted, as
pointed out by the AASLD guidelines™, meaning that
international consensus on the use of any given model
is lacking.

TREATMENT

Treatment allocation should be decided by a multidi-
sciplinary board involving hepatologists, pathologists,
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Stage 0
PS 0, Child-Pugh A

Stage A-C

PS 0-2, Child-Pugh A-B

Stage D
PS > 2, Child-Pugh C

Very early stage (0) Early stage (A)

Single < 2 cm Single or 3 nodules < 3 cm, Multinodular, PS 0
PS 0O
Single 3 nodules < 3 cm

—>Increased —> Associated diseases

Intermedium stage (B)

l

Advanced stage (C)
Portal invasion, N1, M1, PS 1-2

Terminal stage (D)

No Yes
Normal i
R i ‘ ‘ LT ‘ ‘ RFA ‘ i .
‘ esection TACE Sorafenib Symptomatic
treatments

‘ Curative treatments ‘ ‘

Palliative treatments

Figure 1 Barcelona-clinic liver cancer staging system. BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization; HCC: Hepatocellular

carcinoma; LT: Liver transplantation; RFA: Radiofrequency ablation.

Table 1 Limitations of the barcelona-clinic liver cancer staging system

[78]

No BCLC dlassification system

Does not consider nodule location, which is essential for defining respectability

Does not respect etiology of cirrhosis

Is based on variables measured at diagnosis, which might change over time

Does not reflect contraindications of TACE

1
2
®
4 Does not consider the possibility of liver transplantation for patients with Child C cirrhosis with hccs within the Milan criteria
5
6

Recommends liver resection to single nodules only in absence of portal hypertension in very early (BCLC 0) and early stage (BCLC A), however

probably portal hypertension might not affect survival in resected patients
7  Recommends liver resection in very early (BCLC 0) and early stage (BCLC A), however in selected patients hepatic resection is associated with good

survival even in more advanced BCLC stages

8 Does not consider treatment sequences or combination therapies

9 Includes a very heterogeneous population in the intermediate stage (BCLC B) in respect to tumor burden and liver function
10 Does not consider other therapies than sorafenib in selected patients with advanced stage C with performance status 1
11 Is not favorable as classification system in non-cirrhotic patients

BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization.

radiologists, liver surgeons and oncologists guided
by personalized-based medicine by. This approach
is important not only to balance between different
oncologic treatments strategies but also due to the
complexity of the disease (combination chronic liver
disease and the cancer) and due to the large number of
potentially efficient therapies. When considering different
treatment options the following is important: (1) there
is a marked difference in available treatment modalities
from one country to another; (2) historic studies are
lacking, i.e., the results of potentially curative treatment
modalities have never been compared to no treatment
- today such studies are unethical; (3) the level of
evidence for certain treatment modalities is limited to
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cohort studies and only a few randomized controlled
trials; and (4) large, robust studies comparing results of
different treatment modalities offered to patients in early
stage disease are lacking as well.

Surgical treatment

Surgical treatment of HCC is established as a potentially
curative treatment modality and includes liver trans-
plantation, liver resection for HCC in cirrhotic livers and
liver resection for HCC in non-cirrhotic livers.

Liver transplantation
Liver transplantation (LT) is the best treatment option
as it removes both the tumor and the diseased liver
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parenchyma®"®?, This is primarily important for patients
with a Child-Pugh (CP) score C as it is the treatment of
liver failure. The patient’s age (typically younger than 70
years), co-morbidities (e.g., cardiopulmonary disease,
smoking, diabetes or renal disease), nutritional state
(e.g., poor nutrition or morbidly obese), and social
factors (e.g., adequate support, compliance, abstinence
from alcohol and completion of an appropriate rehabi-
litation program) are all factors determining the patients’
eligibility for LT®",

The most appropriate candidates for LT are patients
that fit into the Milan criteria (a single tumor < 5 cm or
up to 3 tumors of < 3 cm) achieving a 5-year survival
rate of 70%-80%. In these patients the recurrence
rates are approximately 10%"*%%,

The Milan criteria can be expanded to include more
patients primarily by liberalizing the restrictions on
tumor size. Yao et a/'®* demonstrated that using the
University of California San Francisco criteria (single
nodule < 6.5 cm or < 3 nodules each < 4.5 cm, with
total combined tumor diameter < 8 cm), a 75% 5-year
survival rate is achievable. Kaido et a/®® reported
that using the Kyoto criteria (a combination of tumor
number < 10, maximal diameter of each tumor < 5
cm, and serum des-y-carboxy prothrombin levels < 400
mAU/mL), the 5-year survival rate after living donor LT
is 82%.

Mazzaferro et al®”' have proposed the “Metro ticket
price” concept - the further one goes in expanding
the criteria for LT, the more one “pays”, i.e., the more
you deviate from the Milan criteria, the survival rate
decreases and recurrence rate increases.

Due to the limited number of donors and the scarcity
of sufficient available data, current guidelines do not
recommend LT for HCC patients outside the Milan
criteria®®®!, Patients with a compromised liver function
(CP - B or C) should be listed for LT while allocation of
this treatment modality to CP class A patients instead of
surgical resection is still an area of debate. The Barcelona
Clinic has analyzed their results for surgical resection and
LT in an intent-to-treat manner, although the patients
were never compared directly in a randomized trial®®”.
The five-year survival rates for resection and LT were
nearly identical if patients for resection were carefully
selected (CP class A, normal bilirubin levels and no portal
hypertension).

Waiting time for LT is a serious obstacle in many
national transplant programs worldwide. When the
waiting list for LT is longer than 12 mo the drop-out rates
can reach 25% of HCC patients listed for LT***Y, Clearly,
if patients with more advanced tumors are included as
a result of expanded listing criteria the dropout rate will
be higher and this will lead to poor survival figures. In
that regard the potential benefit of TACE, TARE, RFA
and others, applied in the neoadjuvant setting include
“bridging” or “down-staging” strategies to increase the
number of HCC patients qualifying for LT,

Furthermore another important concept of LT is
salvage LT that saves the donor pool and can effectively
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be performed for patients with recurrence or liver
function deterioration following resection for HCC. This
does not increase the perioperative mortality and has
similar long-term survival compared to primary LT,

Liver transplantation can also be offered to patients
with non-resectable HCC in normal livers providing
5-year survival rates of 59%". In contrast to LT for
HCC in cirrhosis the tumor size is not a predictor of
post-transplant survival®®.

Finally, many controversies related to LT were
confronted during an international consensus conference
held in 2010, in Switzerland that resulted in 37
statements and recommendations™!. These recom-
mendations reflect the current state of scientific
evidence regarding the LT and reflect differences in
clinical practice of LT between continents, countries and
institutions. In each controversial topic the strength
of recommendation was conditioned by the level of
evidence that was in the majority of instances 2 or
less reflecting the quality of evidence that is currently
available. Among the 37 recommendations only 17
are strong (presented in Table 2) while the others are
week or their strength could not be established due to
insufficient data™.

The highest level of evidence and the strength
of recommendation is related to the assessment of
candidates for LT and in defining criteria for listing
candidates with HCC in cirrhotic livers for deceased
donor LT. In regard to HCC patients in non-cirrhotic
liver LT this procedure may be considered as salvage
transplantation for patients with intrahepatic recurrence
following liver resection and no evidence of lymph node
or macrovascular invasion®,

The role of down-staging was evaluated in per-
spective of different loco-regional treatment options
that are presented in the literature (TACE, TARE, RFA).
Although the largest experience is linked to TACE and
RFA, based on existing evidence, no recommendation
can be made for selecting a specific loco-regional
therapy for down-staging®..

Living donor LT is an important alternative to
deceased donor liver transplantation in the present circu-
mstances of increasing number of HCC patients listed
for LT. It is conducted in a limited number of centers
worldwide. Although it facilitates access to LT, recent
meta analysis demonstrated that living donor LT is
associated with a higher rate of surgical complications
following transplantation™®.

In that sense an important recommendation is
derived from the consensus conference, i.e., that living
donor LT must be restricted to centers of excellence in
liver surgery and liver transplantation to minimize donor
risk and maximize recipient outcome!®!,

Liver resection

During the past decade a tremendous improvement
in the understanding of liver anatomy, advances in
technology, anesthesiology and postoperative intensive
care and the application of intraoperative ultrasono-
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Table 2 Recommendations from international consensus conference on liver transplantation (only the recommendations with the

highest level of evidence are presented, adopted from Clavien ez a/*

95])

Assessment of candidates with HCC for liver transplantation

When considering treatment options for patients with HCC, the BCLC staging system is the preferred staging system to assess the prognosis of

patients with HCC

The TNM system (7" ed) including pathological examination of the explanted liver, should be used for determining prognosis after transplantation

with the addition of assessment of microvascular invasion

Either dynamic CT or dynamic MRI with the presence of arterial enhancement followed by washout on portal venous or delayed imaging is the best
non-invasive test to make a diagnosis in cirrhotic patients suspected of having HCC and for preoperative staging

Extrahepatic staging should include CT of the chest, and CT or MRI of the abdomen and pelvis

For patients with lesions smaller or equal to 10 mm, non-invasive imaging does not allow an accurate diagnosis and should not be used to make a

decision for or against transplantation

Criteria for listing candidates with HCC in cirrhotic livers for deceased donor LT

Preoperative assessment of the size of the largest tumor or total diameter of tumors should be the main consideration in selecting patients with HCC

for liver transplantation

The Milan criteria are currently the benchmark for the selection of HCC patients for liver transplantation, and the basis for comparison with other

suggested criteria

Biomarkers other than a-fetoprotein cannot yet be used for clinical decision making regarding liver transplantation for HCC

Indication for liver transplantation in HCC should not rely on microvascular invasion because it cannot be reliably detected prior to transplantation

Role of down-staging

Liver transplantation after successful down-staging should achieve a 5-yr survival comparable to that of HCC patients who meet the criteria for liver

transplantation without requiring down-staging

Criteria for successful down-staging should include tumour size and number of viable tumours

Managing patients of the waiting list

Periodic waiting-list monitoring should be performed by imaging (dynamic CT, dynamic MRI, or contrast-enhanced US) and a-fetoprotein

measurements

Patients found to have progressed beyond criteria acceptable for listing for liver transplantation should be placed on hold and considered for

down-staging

Patients with progressive disease in whom locoregional intervention is not considered appropriate, or is ineffective, should be removed from the

waiting list
Role of living donor LT

Living donor LT must be restricted to centers of excellence in liver surgery and liver transplantation to minimize donor risk and maximize

recipient outcome

In patients following living donor LT for HCC outside the accepted regional criteria for deceased donor LT, re-transplantation for graft failure using

a deceased donor organ is not recommended
Post-transplant management

Liver re-transplantation is not appropriate treatment for recurrent HCC

BCLC: Barcelona-clinic liver cancer; TACE: Transarterial chemoembolization; HCC: Hepatocellular carcinoma; LT: Liver transplantation; CT: Computed

tomography; MRI: Magnetic resonance imaging.

graphy have established surgical resection as a widely
accepted first-line curative treatment option for HCC
patients. Surgical resection for HCC is a safe and reliable
procedure and, unlike LT, it is available in many countries
and institutions. Presently, when considering liver
resection, the main focus has shifted from the tumor
towards the functional capacity of the remnant liver.

Liver resection for HCC is considered in two different
settings. One is liver resection for HCC in non-cirrhotic,
“normal” livers and the other is liver resection in cirrhotic
livers, when special attention is attributed to the func-
tional capacity of the remnant liver. Considering the
improvement in the technical feasibility of complex liver
resection there are practically no more non-resectable
tumors, but considering the functional capacity of the
remnant liver only a relatively small percentage of HCC
patients with cirrhotic livers can be offered curative-
intent liver resection.

Patients with HCC in non-cirrhotic livers are rare
in the western world; only 5%-15% of HCC patients
have a normal, non-cirrhotic parenchyma®*"*®), They
are diagnosed late with large-size tumors sometimes
with major vascular invasion. Liver resection is the only
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curative treatment in these patients and up to 70%-80%
of functional liver parenchyma can be removed”™®.

The 5-year disease free survival of non-cirrhotic
HCC patients managed by liver resection is around 50%
depending on resection status, UICC stage, vascular
invasion, tumor size > 10 cm and tumor grading™® %!,
About 50% of these patients will have recurrence within
2 years after curative resection® ", Repeated liver
resection is the treatment of choice for patients with
intrahepatic recurrence having a similar prognostic
outcome as the primary resection™*,

According to the BCLC staging system, surgical
resection for HCC in cirrhosis is reserved for patients in
the BCLC 0O stage (single tumor < 2 cm, Child A, ECOG
0 without portal hypertension and normal bilirubin
level) and it is feasible in selected patients in the BCLC
A stage. However, clinical practice worldwide (not only
in Japan) is not limited to the frame recommended by
the BCLC staging. Moreover, it is expanded even to
selected patients belonging to BCLC intermediate stage
B group. This has to be considered within a context that
in many developing countries screening and surveillance
programs are lacking, therefore the majority of patients
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are diagnosed in an advanced stage of the disease
when surgical resection is still feasible!'®***!, Strict
adherence to the BCLC staging system would direct the
majority of patients to palliative treatment only.

Despite of recent advances in surgical techniques
and perioperative care, liver resection is challenged
by the poor functional reserve of the cirrhotic liver,
the impaired regeneration capacity, elevated portal
venous pressure, and other co-morbidities of the HCC
patients!'®>'%l Although reserved for high-volume
centers, liver resection is justified even for patiens with
large and multinodular HCC!'%71%%),

A study from Ishizawa et al''” has demonstrated
that neither multiple tumors nor portal hypertension are
surgical contraindications for HCC. Two other studies
have verified that liver resection is feasible even in
Child B patients and in selected patients a major liver
resection is feasible as well™**?, According to Ho et
al"* liver resection is associated with better overall
survival comparing to TACE (37.9 mo vs 17.3 mo) even
for patients with multinodular HCC. In patients with
large tumors, TACE is associated with low response rate
and a modest 3 years survival ratel'®%,

Several studies confirmed that blood loss has a
negative impact on the perioperative morbidity, mortality
and long-term outcome™*'**! therefore a control of
bleeding is mandatory when performing liver resection.
Vascular occlusion techniques™® are effective in reducing
blood loss, but it was found that they compromise
hepatic functional reserve in conditions of a preexistent
liver disease™ '8, Fu et al found an earlier recovery
of the postoperative liver function after hemihepatic
vascular inflow occlusion compared with the Pringle
maneuver, however it is technically more demanding
and potentially associated with more bleeding in cirrhotic
livers.

Prediction of the future, functional remnant liver
volume (FLR) is crucial for postoperative morbidity and
mortality. A remnant volume of at least 40% should
remain following resection of cirrhotic livers in order to
preserve adequate liver function™”, Three dimensional
measurements of liver volumes based on MDCT or
magnetic resonance imaging (MRI) and more important
post-processing software are important for predicting
the FLR after liver resection.

Portal vein embolization (PVE) has an important
role as an effective tool in inducing hypertrophy of the
non-embolized hepatic segments. An increase of the
FLR volume of 20%-46% can be achieved after 2-8
wk™'#1 When the FLR volume is insufficient PVE
is considered an important therapeutic step before
extended resection. Recently, one other approach has
been described for increasing the FLR volume in a two-
stage procedure for patients undergoing extended liver
resection. In situ liver transection combined with portal
vein ligation emerged as a procedure associated with
rapid growth of the FLR™**** and was tested in the
settings of HCC in cirrhotic livers!'*! even in conditions
of major vascular invasion™®. The median FLR volume
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increase was 18.7% within one week after the first
step and 38.6% after the second step™'. More studies
are needed before the real merits of ALPPS can be
evaluated.

The use of metabolic tests, namely the indocyanine
green test is another tool to assess the liver functional
capacity in order to avoid postoperative liver failure™*”,
As indicated in two surveys!*?**®! it is widely used in
Asia and the indocyanine green retention rate at 15 min
(ICGR-15) is integrated into the decision tree for deciding
the safe limit of hepatectomy*”. In the western world
the ICGR-15 test is used in a limited number of centers
and in selective cases only™. In HCC patients with
cirrhotic livers characterized by normal bilirubin level and
absence of ascites the ICGR-15 is the main determinant
for performing a liver resection**”.

The anatomic liver resection should be associated
with improved outcome as HCC tumors have a tendency
for local portal vein invasion with possible extension
toward the main portal vein. However conflicting
results are present in the literature. Two studiest****%,
demonstrated that anatomic resection is an indepen-
dent predictor of improved recurrence-free survival
and it significantly improves the disease-free survival
rates. Anatomic resection is recommended in the
EASL guidelines as the preferred approach if sufficient
remnant liver volume can be preserved™. The use
of dye widely practiced in Japan may aid delineation
of tumor bearing segments and facilitate complete
anatomical resection™"**?,

Laparoscopic liver resection for HCC in cirrhotic
livers is an established and safe procedure performed in
many centers worldwide®®., There are no randomized
controlled trials that has compared laparoscopic vs
open liver resection in HCC patients. Four meta-
analyses!**"*% of nonrandomized studies found that
laparoscopic resection was associated with significantly
less blood loss, lower transfusion requirements, lower
overall morbidity, and shorter length of hospital stay
without a significant difference in length of operation,
surgical margin status, or tumor recurrence rates.

Ablative procedures
Tumor ablation can be achieved by chemical (ethanol,
acetic acid) or thermal [radiofrequency ablation-RFA,
microwave ablation (MWA)] ablation and it is the
treatment of choice in patients with single, small tumors
who are not candidates for surgery. According to the
BCLC staging and treatment algorithm these patients
are classified as BCLC A patients™®. BCLC 0 patients
may also be managed by this treatment modality,
although the algorithm primarily allocates resection to
this group of patients™. When procedure limitations are
strictly respected (tumor size, tumor location, duration
of the treatment, maintaining the required temperature
in the tumor zone, etc.) tumor ablation is a curative
treatment option for the management of carefully
selected HCC patients.

Historically, tumor ablation started as chemical
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ablation using percutaneous ethanol injection (PEI) for
the management of nodular-type HCC. There is con-
siderable experience with PEI since it is an established
technique. PEI induces coagulation necrosis of the tumor
as a result of cellular dehydration, protein denaturation,
and chemical occlusion of small tumor vessels!*".
Several studies confirm that tumors < 2 cm can be
successfully treated by PEI achieving equivalent results to
thermal ablation techniques!**”***\, For larger tumors PEI
is inferior to thermal ablation and therefore should not be
performed!****?1, However, PEI should not be neglected
and can be used in underdeveloped regions as a very
useful treatment modality.

Thermal ablation has now largely replaced PEI, initially
with RFA and recently with MWA™”? Although it is an
interventional procedure performed percutaneously by
interventional radiologists or jointly by an interventional
radiologist and liver surgeon, a multidisciplinary approach
which provides important advantages, as described by
Poon et al***. Thermal ablation can also be done via an
open or laparoscopic surgical approach.

The main advantage of thermal ablation is related
to its low major morbidity (2.2%-3.1%) and mortality
(0.1%-0.5%) rates!***'**1, Major complications include
intraperitoneal hemorrhage, hepatic abscess, bile
duct injury, and liver decompensation®****'**1, Tumor
seeding along the needle track has been reported as a
rare (0.5%) late complication of RFA™,

The most important observations resulted from
explants studies following LT and demonstrated com-
plete tumor necrosis in explanted liver specimens in
83% of tumors > 3 cm and in 88% of tumors in non-
perivascular locations®®***'**!*31, Clearly the efficacy
of RFA is reduced with increasing tumor size and the
presence of large vessels'*’). RFA should be applied
for tumors less than 3 cm in size, bearing in mind that
success is related to the total volume of the tumor tissue
that has to be ablated.

Lencioni et al"***® have demonstrated 61% 5-year
survival in patients with Child A cirrhosis and solitary
HCC, compared with 51% in patients with Child A
cirrhosis and multiple tumors and 31% in patients with
Child B cirrhosis. Livraghi et al**! has reported complete
tumor response in 97% of tumors << 2 cm, with 5-year
survival in patients with preserved hepatic function of
68%, challenging resection as the first-line approach in
such cases.

Hasegawa et al'"*” concluded that resection was
associated with a higher overall survival and lower
recurrence rate than RFA or PEI in the treatment of HCC
< 3am.

A challenging question is whether emerging alter-
native, MWA, will replace RFA. Compared to RFA, MWA
is less-susceptible to the heat sink effect of nearby blood
vessels and produces a larger zone of necrosis*>!,

In a non-randomized study published in 2013[**%
that investigated the therapeutic efficacy of per-
cutaneous RFA and MWA for HCC < 5 cm no significant
differences were found between the two procedures
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in the percentage of complete ablation local tumor
progression, distant recurrence and overall survival.
Clearly, more studies are needed to compare the two
ablation techniques.

Transarterial therapy

According to the BCLC staging and treatment algorithm
TACE is indicated for patients classified as BCLC B
stage, that is an intermediate stage composed of a very
heterogeneous patient population®®******, A Cochrane
review!* clearly confirmed the survival benefit of this
treatment modality. However, TACE is not standardized
in regard to: (1) the procedure technique; (2) the choice
of embolic agent; (3) the choice of applied medications;
and (4) the schedule (on demand or at fixed intervals).
In clinical practice TACE is performed by injection of
chemotherapy with or without lipiodol, followed by
the injection of embolic particles. This procedure is
considered as conventional TACE. Innovative step
forward was the development of drug-eluting beads (DC
Bead) used to increase tumor drug delivery. However,
the PRECISION V study*** designed to compare the
two TACE procedures failed to demonstrate a clear
superiority of DC Bead-TACE (one-sided P = 0.11). The
difference between the two TACE procedures was found
in the complete response, objective response, and
disease control favoring DC Bead group (27% vs 22%,
52% vs 44%, and 63% vs 52%, respectively)™>.

Complications of TACE include non-target emboliza-
tion, the post embolization syndrome (fever, abdominal
pain, ileus), liver failure, cholecystitis and acute portal
vein thrombosis'***. The procedure-related mortality
is less than 5% which defines TACE as a safe pro-
cedure!™¥, Main portal vein thrombosis, poor liver
function, and extrahepatic spread have been shown to
be predictors of poor outcome and are considered con-
traindications for chemoembolization™**.

Several aspects of TACE treatment require special
consideration. In clinical practice an attempt should be
made to achieve the supraselective approach (STACE)
using micro-catheters in order to deliver chemotherapy
as close as possible to the tumor site. Unfortunately this
aspect was not much elaborated in clinical trials. Only
one trial*® on 60 patients who were candidates for
LT, found STACE to be associated with complete tumor
necrosis in a larger proportion of patients (30.8% vs
6.9%, P = 0.02) compared to selective TACE group.
Still, a 5-year disease-free survival was similar in both
groups (76.8% vs 74.8%)"*®, In conclusion, there
is no clear relationship between the therapy-induced
complete necrosis and long-term survival.

The combination of TACE and RFA is another
challenging treatment option practiced in many centers
worldwide. Recent meta-analyses™” showed that the
combination of RFA and TACE was associated with a
significantly higher overall survival rates (OR 1 year =
2.39, 95%CI: 1.35-4.21, P = 0.003; OR 3 years = 1.85,
95%CI: 1.26-2.71, P = 0.002), and recurrence-free
survival rate (OR 1 year = 2.00, 95%CI: 1.26-3.18, P
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= 0.003; OR 3 years = 2.13, 95%CI: 1.41-3.20, P <
0.001) compared with RFA alone!*®”. The quality of the
evidence was high for the 1- and 3-year survival'™*”.

Two recent meta-analysis!***'**! elaborated the
combination of TACE and sorafenib and found evident
improvement in the objective response, time to pro-
gression and overall survival although the sorafenib
associated AEs were more frequent in the combination
therapy group!***",

Another important meta-analysis examined
the efficacy of TACE for HCC patients with portal vein
thrombosis (PVTT) and found that TACE improves
the 1-year survival of patients with HCC and PVTT. As
current treatment algorithms contraindicate TACE in
patients with main trunk PVTT more trials are required
to confirm these findings™*>*°®,

As already indicated the BCLC B stage (an inter-
mediate stage) is composed of a very heterogeneous
patient population. Several studies confirmed limited
treatment efficacy of TACE for HCC patients with large
multinodular tumors!®***, The objective response to
TACE treatment is found in 52% of patients (PRECISION
V trial**') leaving large proportion of patients without an
effective treatment. It is important to note that TACE is
contraindicated in patients with main trunk PVTT. These
findings led to development of new therapies for optimal
management of these subcategories of HCC patients
belonging to BCLC B stage"®’..

Radio-embolization via hepatic artery using micro-
spheres impregnated with yttrium-90 (TARE) is a
new emerging treatment option that is available in a
limited number of centers worldwide!'*>**®, TARE uses
the same concept as TACE in regards the technical
aspect of the procedure. The difference is reflected
in the mode of action. In TARE the embolic particles
(microspheres) are 3-10 times smaller than those used
in TACE (25-35 micron in diameter)™®*. Yttrium-90
(beta emitter with a short half-life) microspheres are
used to produce tumor necrosis by internal delivery
of tumoricidal dose of radiation directly to the tumor
with nearly no embolic effect on the vessels"®. The
safety and efficacy of TARE is well established in many
trials!*****'%®1 and post-embolization syndrome is found
in 20%-55% of cases!**'*®\. TARE was found to be a
safe procedure in HCC patients with PVTT™"***7), Initially,
TARE was indicated in HCC patients who progressed or
relapsed after the TACE treatment or in HCC patients
not amenable to TACE (large multinodular tumors or
presence of PVTT)"*¥, Although Sangro et a**” found
survival benefit for TARE comparing to TACE as a first-
line treatment other studies reported no significant
difference in survival™®®'7*'7?!, potential advantage of
TARE over TACE can be attributed to early-stage HCC
patients listed for LT who are candidates for bridging or
down-staging therapy™”>*"%.

[160]

MEDICAL TREATMENT

After years of disappointment with the results of
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numerous trials testing the efficacy of different drugs
in the medical management of HCC, two milestone
studies!”>*”® have established sorafenib as a treatment
of choice for BCLC C patients according to the EASL-
EORTC guidelines™®.

Sorafenib is a molecular inhibitor of several tyrosine
protein kinases (VEGFR and PDGFR); Raf kinases (C-Raf
than B-Raf)!"’”*”®! and intracellular serine/threonine
kinases (C-Raf, wild-type B-Raf and mutant B-Raf)™""!
Sorafenib treatment induces autophagy'®”, which
suppresses tumor growth.

Although sorafenib was introduced as well-tolerat-
ed drug a subanalysis of the two leading™”>'’® and
other®®'* studies have shown that the tolerability of
sorafenib was suboptimal®; it was down-dosed in more
than 50% and interrupted in 45% of patients due to
severe adverse events or compromised liver function™®*.

Therefore the most important side effects are
gastrointestinal™®" (diarrhea 43%, increased lipase 41%,
increased amylase 30%, nausea 23%, anorexia 16%,
vomiting 16%, and constipation 15%), dermatologic™®
(rash/desquamation 40%, hand-foot skin reaction
30%, alopecia 27%, pruritus 19%, and dry skin 11%),
cardiovascular™™®. (Hypertension 17%, angioedema,
and congestive heart failure), hematologic*®”.. (Hypo-
albuminemia 49%, hemorrhage 15%, anemia and
thrombocytopenia) and nervous system side effects!*®
(neuropathy 13% and headache 10%).

One of the two milestone studies (SHARP/phase
I)™”* conducted in the western world have shown
that sorafenib prolonged median survival from 7.9 mo
(placebo group) to 10.7 mo (sorafenib group) (HR =
0.69; 95%CI: 0.55-0.87; P = 0.00058). Sorafenib
also improved the time to progression (from 2.8 mo
to 5.5 mo). Another milestone study conducted in Asia
confirmed the outcomes of the SHARP trial, i.e., a phase
I Asia-Pacific trial™’® have shown a median overall
survival of 6.5 mo (treatment group) comparing to 4.2
mo (placebo group) (HR = 0.68; 95%CI: 0.50-0.93; P
= 0.014).

Another important study was a phase IV, GIDEON
trial"®, conducted with the aim to evaluate the safety
of sorafenib treatment in HCC patients in real-life
conditions. In 2011 the second interim analysis showed
a median survival of 10.3 mo for Child A patients and 4.8
mo for Child B patients. The amount of adverse events
was comparable to the two milestone studies.

The use of sorafenib in adjuvant settings was
addressed in the STORM trial. In mid 2014 major phar-
maceutical companies Bayer and Onyx announced that
the STORM trial did not meet its primary endpoint.
During the ASCO annual meeting in 2014 Bruix et a/**”
reported that both primary and secondary endpoints
were not met. The trial enrolled the largest cohort of
patients with HCC treated in this setting. Overall, 1114
patients were equitably randomized to take either
sorafenib or placebo. The study did not met its primary
and secondary endpoints since no differences were
observed regarding recurrence-free survival (33.4 mo
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vs 33.8 mo; HR = 0.94; 95%CI: 0.78-1.13, P = 0.26),
time to recurrence (38.6 mo vs 35.8 mo; HR = 0.89,
95%CI: 0.73-1.08) and overall survival (not reached vs
not reached, HR = 0.99, 95%CI: 0.76-1.30, P = 0.48).
In this trial, a higher rate of sorafenib discontinuation
due to drug-adverse events was observed compared to
placebo (24% vs 7%)"*”.

Additional studies have evaluated other targeted
agents either in combination with sorafenib, or designed
as head-to-head compared to sorafenib, or as second-
line treatments following disease progression or inability
to tolerate sorafenib; however, all these trials failed to
demonstrate an improvement in overall survival'**”.,

CONCLUSION AND FUTURE DIRECTIONS

HCC is a difficult to treat and extremely complex
malignant disease. Epidemiological data confirms an
increasing number of new cases each year and this rise
will persist due to the burden linked to HCV and obesity.
Since the number of new HCC cases being diagnosed
each year is nearly equal to the number of deaths from
this cancer it is clear that the international scientific
community and healthcare systems worldwide have no
efficient answer to HCC. There are marked differences
between countries in providing disparate quality of
healthcare considering screening and surveillance
programs; available treatment modalities and drugs;
reimbursement of specific treatment options by the
state-funded health insurance. In many countries world-
wide liver transplantation is not a therapeutic option. In
countries with national LT program the donor pool is a
serious obstacle for treating more patients. Surveillance
programs, so essential for the diagnosing an early stage
HCC, are lacking in many countries. The experience
from Japan clearly confirms importance of a successful
surveillance program. Liver resection and TACE are the
two treatment modalities offered to HCC patients even
in underdeveloped countries. Since treatment allocation
should be decided by a multidisciplinary board involving
hepatologists, pathologists, radiologists, liver surgeons
and oncologists guided by individualized-based medicine,
HCC patients should be managed in high-volume,
tertiary, university centers. This approach is important
to achieve the best possible outcome from a variety of
potentially useful therapies and for research purposes.
Different combination therapies tested in various
studies failed to demonstrate a real benefit in terms of
overall survival. This is mainly due to the complexity of
the disease and due to the extremely heterogeneous
patient populations included in clinical trials. The con-
sensus conference on LT for HCC has shown that many
controversies remained unanswered due to the lack
of evidence. Therefore, high-quality randomized trials
with better patient stratification are mandatory in the
future to find patient populations that can benefit from
certain treatment modalities. Basic research in HCC
carcinogenesis is equally important. Combinations of
different treatment modalities should be more exploited
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in order to improve survival and the quality of life of HCC
patients.

In the management of HCC patients, several recom-
mendations are important: (1) to establish a national
surveillance program in as many countries as possible;
(2) to further improve treatment modalities for patients
on the waiting list for LT; (3) to improve the safety
of liver resection and to reduce the recurrence rates
following resection; (4) to investigate further and to
upgrade results of the TACE treatment modality; (5) to
continue research on novel molecular therapies; and
(6) to continue research on novel molecular markers for
better patient selection for various treatment modalities.
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