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Abstract There is great geographical variation in the dis-
tribution of hepatocellular carcinoma (HCC), with the
majority of all cases worldwide found in the Asia—Pacific
region, where HCC is one of the leading public health
problems. Since the “Toward Revision of the Asian Pacific
Association for the Study of the Liver (APASL) HCC
Guidelines” meeting held at the 25th annual conference of
the APASL in Tokyo, the newest guidelines for the
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treatment of HCC published by the APASL has been dis-
cussed. This latest guidelines recommend evidence-based
management of HCC and are considered suitable for uni-
versal use in the Asia—Pacific region, which has a diversity
of medical environments.
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Introduction

Liver cancer is currently the second most common cause of
cancer-related death worldwide [1], and hepatocellular
carcinoma (HCC) accounts for more than 90% of liver
cancers [2]. There has been a marked increase in HCC-
related annual death rates during the past two decades, with
the majority of all cases of HCC worldwide found in the
Asia—Pacific region [3]. Thus, HCC represents a major
public health problem in the Asia—Pacific region.

The Asian Pacific Association for the Study of the Liver
(APASL) HCC guidelines were published in 2010 [4],
being the oldest of the major guidelines. The “Toward
Revision of the APASL HCC Guidelines” meeting was
held at the 25th annual conference of the APASL in Tokyo
on February 23, 2016. The attendees consisted of expert
hepatologists, hepatobiliary surgeons, radiologists, and
oncologists from the Asia—Pacific region. These members
have discussed and debated the contents of the newest
guideline. The new guideline is evidence based and is
considered to be generally accepted in the Asia—Pacific
region, which has a diversity of medical environments. The
evidence and recommendations in the guideline have been
graded according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) sys-
tem (Table 1) [5, 6]. The finalized recommendations for
the management of HCC are presented in this review.

Epidemiology and risk factors

Liver cancer is the sixth most common cancer worldwide,
being the fifth most common in males (7.5% of total) and
the ninth in females (3.4% of total) [7]. Each year,
approximately 78,200 new cases are diagnosed [7]. The
prognosis for liver cancer is very poor (overall mortality
to incidence rate, 0.95). The most frequent type is HCC, a
cancer derived from liver hepatocytes. There are other
types of liver cancer, such as intrahepatic cholangiocar-
cinoma (derived from biliary cells), sarcomas, and so
forth, which should also be taken into account. World-
wide, approximately 80% of HCC cases are caused by
hepatitis B virus (HBV) and/or hepatitis C virus (HCV)
infection, especially in the setting of established cirrhosis
or advanced fibrosis. The highest age-adjusted incidence
rates (>20/100,000) are recorded in East Asia (North and
South Korea, China, and Vietnam) and sub-Saharan
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Africa [8]. Approximately 75% of liver cancers occur in
Asia, with China accounting for more than 50% of the
world’s burden [9]. The incidence of HCC is likely to
increase over the next 10-20 years and to peak around
2030.

The global age distribution of HCC varies by region,
sex, and etiology. Globally, the rate of males suffering
from HCC is higher than that of females, with male-to-
female ratio ranging between 2:1 and 4:1, with the differ-
ence being much greater in high-risk areas. The sex dis-
parity in rates is not well understood, although most liver
cancer risk factors are more prevalent in males than
females. Differences in sex steroid hormones, immune
responses, and epigenetics could be related to the higher
rates among males. These variations of age-specific pat-
terns are likely related to the differences in the dominant
hepatitis virus in the population, the age at viral infection,
as well as the existence of other risk factors. In addition to
sex differences, racial/ethnic disparity within multiethnic
populations is also notable. Rates of liver cancer among
persons of the same ethnicity also vary by geographic
location; For example, liver cancer rates among Chinese
populations outside China are lower than the rates reported
by Chinese registries.

The single largest risk factor for development of HCC is
cirrhosis of any etiology, which is present in 70-90% of
those who have primary liver cancer [10]. In Africa and
Asia, where HBV is endemic, 60% of HCC is associated
with HBV, 20% is related to HCV, and the remaining is
distributed among other risk factors. The risk of HCC
developing among patients chronically infected with HBV
ranges from 10- to 100-fold greater compared with the
rates in uninfected people, depending on the markers and
populations that are evaluated. In HCV infection, the rel-
ative risk (RR) for HCC developing in patients with sero-
logically confirmed HCV infection is estimated to be
17-fold. The effect of high rates of alcohol abuse in Asia
(as in the rest of the world) and the recent (10-15 year)
obesity and type 2 diabetes mellitus (DM) epidemic in
Asia may increase the HCC incidence in the next 25 years.
In addition, patients who have multiple risk factors are not
uncommon in the Asia—Pacific region [i.e., HBV/HCV,
alcohol/HBV or HCV, DM/HBV or HCV, and HCV/hu-
man immunodeficiency virus (HIV)].

The incidence of HCC has remained the same over the
last 20 years in most Asian—Pacific countries, except
Singapore, where the incidence for males and females has
fallen over the last 30 years. China and Taiwan have
reported increasing incidence of HCC for males and
females. This may be due to increasing awareness of
reporting and better screening services. The country with
the highest incidence rate, however, is Mongolia, with an
age-standardized rate per 100,000 persons of 78.1.
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Table 1 Grading of evidence and recommendations (adapted from the GRADE system [5, 6])

Notes Symbol
Grading of evidence
High quality Further research is very unlikely to change our confidence in the estimate of effect A
Moderate quality Further research is likely to have an important impact on our confidence in the estimate of effect and may B

change the estimate

Low or very low quality

Further research is very likely to have an important impact on our confidence in the estimate of effect and C

is likely to change the estimate. Any estimate of effect is uncertain

Grading of
recommendation

Strong recommendation
warranted

Weaker
recommendation

important patient outcomes, and cost

Factors influencing the strength of the recommendation included the quality of the evidence, presumed 1

Variability in preferences and values, or more uncertainty: more likely a weak recommendation is 2
warranted. Recommendation is made with less certainty; higher cost or resource consumption

Even within specific geographic regions, however, there
is great variability. In Australia, as in the USA, tradition-
ally very low-incidence regions, there has been a sub-
stantial increase (two- to threefold) in HCC incidence over
the last 25 years, most probably due to immigration of
people from the Asia—Pacific and other regions with high
prevalence rates of chronic HBV infection, but also due to
the epidemics of chronic HCV infection, possibly obesity,
and DM.

Risk factors for HCC
HBV

Several meta-analyses have demonstrated that the risk of
HCC is 15-20 times greater among HBV-infected individ-
uals compared with the uninfected population [11]. Coun-
tries with chronic HBV infection prevalence greater than 2%
have increased incidence and mortality rates of HCC [12].
Case—control studies in all regions of Asia have shown that
chronic HBV infection is significantly more common among
HCC cases than controls with odds ratios (ORs) ranging
between 5:1 and 65:1 [13]. Similarly, prospective studies of
HBYV carriers have consistently demonstrated high RRs for
HCC, ranging from 5 to 103 [14].

The lifetime risk of HCC among chronic HBV-infected
patients is estimated to be 10-25% [15]. Several factors
have been reported to increase the HCC risk among HBV
carriers, including demographics (male sex, older age,
Asian or African ancestry, family history of HCC), viral
[higher levels of HBV replication; HBV genotype; longer
duration of infection; coinfection with HCV, HIV, or
hepatitis D virus (HDV)]; clinical (cirrhosis), and envi-
ronmental or lifestyle factors (exposure to aflatoxin, heavy
alcohol drinking, or tobacco smoking).

Risks of HCC among HBV-infected patients vary by
several factors, the major one being serum HBV-DNA
levels. Although there is no discrete cutoff level, having
greater than Log;o 5/mL viral copies confers a 2.5- to
threefold greater risk over an 8- to 10-year follow-up
period than does having a lower viral load [14]. The
cumulative incidence of HCC increases with serum HBV-
DNA levels. A recent hospital-based cohort study further
validated the HCC risk, showing it started to increase when
the HBV-DNA level was higher than 2000 TU/mL [16].

In addition to HBV-DNA levels, the clinical significance
of quantitative hepatitis B surface antigen (HBsAg) has
become increasingly recognized. Data from the Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer—Hepatitis B Virus (REVEAL-HBV) and
the ERADICATE-B study all showed that serum HBsAg -
> 1000 IU/mL and HBV-DNA levels are complementary
markers in predicting disease progression to cirrhosis and
HCC [17, 18]. Cumulative HCC risk from age 30 to
70 years is estimated to be 87% for those persistently pos-
itive for HBsAg and hepatitis B envelope antigen (HBeAg),
12% for those persistently positive for HBsAg only, and 1%
for those negative for HBsAg [19]. Therefore, prolonged
duration of HBeAg positivity or high HBV-DNA levels
may be associated with increased risk of HCC.

In multiple population-based studies, genotype C has
been associated with higher risk of HCC than genotypes A,
B, and D [20, 21]. In studies controlled for genotype,
double mutations in the basal core promoter of the HBV
genome were independent predictors of increased risk [22].
Mutations in the precore region of the viral genome also
have been associated with risk, although less consistently
so [23]. A study in Taiwan reported the importance of
perinatal transmission of HBV and maternal virus load as a
risk factor for HBV carcinogenesis in a familial clustering
of HCC [24]. A family history of liver cancer, particularly
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among first-degree relatives, in HBV-infected individuals
has been shown to increase the incidence of HCC.

Prevention of chronic HBV infection via vaccination
drastically reduces the risk of HCC. In Taiwan, 30 years
after the initiation of universal newborn vaccination, HBV
carrier rates in persons younger than age 30 have decreased
from 10-17% to 0.7-1.7% and rates of HCC have
decreased by 80% [25].

Several host and viral factors predictive of HCC risk
have been identified, and the Risk Estimation for Hepato-
cellular Carcinoma in Chronic Hepatitis B (REACH-B)
study has developed and validated a predictive score for the
risk of development of HCC in 3584 noncirrhotic chronic
HBYV Taiwanese and a validation cohort with 1050 patients
with chronic HBV [26]. The 17-point risk score is com-
posed of five predictors of HCC, including male sex, age,
serum alanine aminotransferase (ALT) level, HBeAg sta-
tus, and serum HBV-DNA level. The risk score can pre-
cisely estimate the risk of HCC development at 3, 5, and
10 years of follow-up.

Baseline liver stiffness values could be an independent
predictor of HCC in patients with chronic HBV infection,
where the 3-year cumulative incidence of HCC was sig-
nificantly higher in patients with a higher liver stiffness
value [27]. A recent Korean study included 1250 chronic
HBYV patients with baseline liver stiffness values to con-
struct a predictive model for HCC occurrence based on a
Cox proportional hazards model [28]. By using multivari-
ate analysis, age, male sex, and liver stiffness values were
independent predictors of HCC, whereas HBV-DNA levels
>20,000 IU/L showed borderline statistical significance. A
predictive model for HCC was developed using these four
variables, with a correlation coefficient of 0.905 between
predicted and observed risks of HCC occurrence.

It is currently clear that antiviral therapy reduces but
does not eliminate the risk of HCC in chronic HBV patients
with or without cirrhosis. Emerging data with the currently
first-line nucleos(t)ide analogs, entecavir and tenofovir,
suggest that the risk of HCC is also reduced under long-
term therapies with these agents [29, 30]. The treatment
benefit from the reduction of HCC incidence is always
greater in patients with high baseline HCC risk, particularly
those with cirrhosis. In addition, the reduction of HCC
incidence under a high genetic barrier nucleos(t)ide analog
is higher in the vast majority of patients who will achieve
virological remission compared with those who may
maintain detectable viral replication.

HCV
Prospective studies have shown an increased risk of HCC

in HCV-infected cohorts. In Japan, HCV antibody (HCV
Ab)-positive cases of HCC accounted for more than 70%
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of cases diagnosed over the last 10 years [31]. Recently, its
incidence has been decreasing. In Korea, approximately
10-20% of HCC patients are positive for HCV Ab. A meta-
analysis of case—control studies showed that individuals
positive for HCV Ab had 17 times the risk of HCC com-
pared with the HCV Ab-negative cohort [32]. HCV appears
to increase the risk of HCC by not only inducing hepatic
inflammation and fibrosis, but also promoting malignant
transformation of infected cells. The risk is highest among
cases with cirrhosis where HCC develops at rate of 1-4%
per year, though rates up to 8% have been reported in Japan
[33]. The Hepatitis C Antiviral Long Term Treatment
Against Cirrhosis (HALT-C) trial showed that 8% of
patients without cirrhosis but with advanced fibrosis
developed HCC [34]. Other risk factors that increase the
risk of HCC in infected patients include male sex, coin-
fection with HIV or HBV, HCV genotype 1b, older age,
presence of DM and obesity, and high level of chronic
alcohol consumption. There is no consistent evidence that
HCV viral load or quasispecies are important in deter-
mining the risk of progression to HCC.

HBV/HCYV coinfection

Three meta-analyses have confirmed that patients with dual
HBV/HCV infection have an increased risk of HCC
[11, 35, 36]. Different mechanisms have been hypothesized
as being associated with development of HBV- or HCV-
related HCC. Both viruses could play an active role at
different steps of the carcinogenic process when they are
present together in hepatocytes, and may be synergistic in
causing HCC.

Alcohol

A recent meta-analysis of 19 prospective studies esti-
mated a 16% increased risk of liver cancer among con-
sumers of three or more drinks per day and a 22%
increased risk among consumers of six or more drinks per
day [37]. Higher risks were found even for the lowest
dose of alcohol (25 g/day), corresponding to approxi-
mately two drinks per day [38]. Chronic alcohol use of
more than 80 g per day for longer than 10 years increases
the risk for HCC by fivefold [32]. A recent meta-analysis
showed a dose-response relationship between alcohol
intake and liver cancer with RR of 1.19 [95% confidence
interval (CI) 1.12-1.27], 1.40 (95% CI 1.25-1.56), and
1.81 (95% CI 1.50-2.19) for 25, 50, and 100 g of alcohol
intake per day, respectively [39]. A study from the
University of Michigan confirmed that alcohol consump-
tion had a dose-dependent effect on the risk of HCC; the
risk increased after 1500 g-years of alcohol exposure
(60 g per day for at least 25 years) [40].
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However, there is no safety limit for the effects of
alcohol on the liver. In a study from Japan involving 804
HCC cases, the multivariate-adjusted hazard ratios (HRs;
95% CI) for alcohol intakes of 0.1-22.9, 23.0-45.9,
46.0-68.9, 69.0-91.9, and >92.0 g per day compared with
occasional drinkers were 0.88 (0.57-1.36), 1.06
(0.70-1.62), 1.07 (0.69-1.66), 1.76 (1.08-2.87), and 1.66
(0.98-2.82), respectively [41]. In females who drank more
than 23.0 g per day, a significantly increased risk was
noted when compared with social drinkers (HR 3.60; 95%
CI 1.22-10.66). A meta-analysis of four studies performed
to assess the decline of liver cancer risk over time for
former drinkers found that the risk of liver cancer falls after
cessation by 6-7% a year, but an estimated time period of
23 years is required after drinking cessation before the risk
returns to that of nondrinkers, with a large 95% CI of
14-70 years [42].

Alcohol acts synergistically with preexisting chronic
liver disease, such as HCV, HBV, and fatty liver disease,
as well as lifestyle choices, such as smoking and obesity,
to further increase the risk of HCC in these disease
states. In a retrospective cohort study by Berman et al.
[43], the patients with cirrhosis due to a combination of
HCV and alcohol had a significantly higher risk of HCC
than those with cirrhosis due to alcohol alone (HR 11.2;
95% CI 2.3-55.0). Patients with HCV and alcohol
exposure had a reduced tumor-free survival compared
with those with HCV alone [44]. A multivariate analysis
of 553 patients with HCC and 160 control subjects
affected with HBV from China by Zhu et al. [45]
revealed that heavy alcohol use, smoking, and positive
family history of liver cancer are associated with HCC
development among patients with HBV infection. A
prospective case—control study of 210 subjects from the
University of Michigan found that there was a dose-de-
pendent relationship between alcohol and tobacco expo-
sure with risk of HCC and synergistic index of 3.3 [40].
History of smoking and alcohol abuse worsened prog-
nosis independently of each other, especially in viral
hepatitis-related and early HCC. Abstinence from either
reduced HCC-specific mortality, but only after 10 years
of cessation [46]. An analysis of 2260 Taiwanese males
from the REVEAL-HBV study cohort showed that the
risk of HCC increased synergistically in alcohol users
who had extreme obesity compared with those without
extreme obesity and with nonusers of alcohol [47]. A
study from Italy enrolled 465 HCC patients and com-
pared them with 618 cirrhotic patients without HCC and
490 healthy controls, evaluating the association among
DM and alcohol abuse in the HCC group versus both
control groups. This study showed that, for alcohol abuse
alone, the OR for HCC was 3.7 (95% CI 2.5-5.4) and

49.0 (95% CI 21.5-111.8) in DM with significant alcohol
intake [48].

Nonalcoholic fatty liver disease (NAFLD)

Meta-analyses of DM and HCC have consistently esti-
mated RRs of 2.0-2.5 and have found that the relationship
is consistent across various populations and is independent
of other risk factors [49-51]. Several studies have reported
that obesity is also related to liver cancer [52]. In com-
paring normal-weight persons with overweight and obese
persons, a meta-analysis of 11 cohort studies found sig-
nificant liver cancer risks among overweight and obese
persons [53]. Similarly, a meta-analysis of four studies of
metabolic syndrome and HCC estimated a significant RR
of 1.81 [54]. Although the RRs of DM, obesity, and
metabolic syndrome do not approach those of HCV or
HBYV, they are far more prevalent conditions than HCV and
HBYV in developed countries. Given the increasing preva-
lence of these conditions, the proportion of HCC related to
obesity, DM, and metabolic syndrome will likely increase
in the future.

The results of recent studies demonstrated that HCC is
more prevalent in the setting of obesity and insulin resis-
tance, and may occur in nonalcoholic fatty liver disease
(NAFLD) patients without cirrhosis. Indeed, in a recent
retrospective cohort study that evaluated trends in HCC
etiology among adult recipients of liver transplantation
(LT) from 2002 to 2012, the number of patients undergoing
LT for HCC secondary to nonalcoholic steatohepatitis
(NASH) increased by nearly fourfold, whereas the number
of patients with HCC secondary to HCV increased by only
twofold [55]. Available data suggest that obesity increases
the risk of HCC 1.5- to fourfold. One large meta-analysis
included seven cohort studies of 5037 overweight subjects
(body mass index 25-30 kg/m?) and ten studies of 6042
obese subjects (body mass index >30 kg/m?); compared
with normal-weight people, HCC risk increased 17% in
those who were overweight and 89% in those who were
obese [53]. In a study from Japan that looked at the
recurrence of HCC after ablation therapy in NASH
patients, increased visceral fat was an independent risk
factor for recurrence of HCC at 3 years (75.1 versus 43.1%
with low visceral fat) [56]. In a similar trend seen in many
studies, type 2 DM was associated with a substantially
increased risk of HCC. Although it is possible that the
increased HCC risk associated with DM seen in these
studies may be mediated through the development of
NAFLD, the presence of multiple pathogenic mechanisms
common to obesity, insulin resistance, and NAFLD sug-
gests that this link may not be mediated through NAFLD
per se.
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Evidence of the development of HCC in noncirrhotic
patients continues to accumulate in case reports or case
series. Obesity, insulin resistance, and the proinflammatory
milieu of NASH may mediate carcinogenesis directly. In a
recent study analyzing 1419 HCC cases that were related to
NASH (120 cases), HCV (1013 cases), and alcohol (286
cases), cirrhosis was present in only 58.3% of NASH-re-
lated HCC cases [57]. Limited available data suggest that
risk factors for the development of NASH without cirrhosis
include older age, male sex, and metabolic syndrome [58].
In a study of 87 Japanese NASH patients with HCC, Yasui
et al. [59] found that 56% of cases were noncirrhotic, and it
was noted that males developed HCC at a less advanced
stage of liver fibrosis than females. Hashimoto et al. [58]
examined 34 cases of NASH-related HCC and found that
there was a prevalence of advanced age, male sex, obesity,
and type 2 DM; 12% of the patients had stage 1 or 2
fibrosis, and 88% had advanced fibrosis (stage 3—4). These
HCC patients tended to be older, male, and have metabolic
syndrome.

Budd-Chiari syndrome

Twelve studies were conducted in Asian countries between
1958 and 2008 to evaluate the prevalence of HCC in Budd-
Chiari syndrome patients; the pooled prevalence of HCC
was 17.6% in Budd—Chiari syndrome patients and 26.5% in
inferior vena cava obstruction patients [60]. There was no
statistically significant difference in sex, age, or site of
obstruction between HCC and non-HCC groups. It has not
been clarified whether HCC occurred only in cirrhosis
patients. The prevalence of HCC in Budd—Chiari syndrome
patients is highly variable, ranging from 2.0 to 51.6%, as
the diagnostic criteria and the methods are significantly
discrepant among studies, which potentially influence the
prevalence of HCC, and the length of follow-up was also
different [61, 62]. In addition, it is necessary to consider
carefully that occurrence of HCC is difficult to identify
using dynamic computed tomography (CT) or dynamic
magnetic resonance imaging (MRI) because of the changes
in venous drainage associated with venous outflow
obstruction. Further studies are necessary to evaluate the
risk factors for HCC in Budd—Chiari syndrome.

HCC in other liver diseases

Other notable causes of cirrhosis can increase the risk of
the development of HCC. In patients with genetic
hemochromatosis, in whom cirrhosis is established, the RR
for liver cancer is approximately 20-fold higher. The
incidence of liver cancer in individuals with stage 4 pri-
mary biliary cholangitis (PBC) is similar to the incidence in
patients with HCV and cirrhosis, and this suggests that
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PBC confers a high risk for HCC [63]. Patients with
autoimmune hepatitis and cirrhosis also have an increased
incidence of liver cancer [64]. In addition, HCC has been
reported in patients with Wilson disease. However, a recent
report indicated that the risk of HCC was low in Wilson
disease even in cases of cirrhosis [65].

Host genetics

HCC develops in only a small percentage of those infected
with HCV or HBV. Host genetic makeup may be an
important factor that influences progression to HCC. Two
meta-analyses identified variants of tumor necrosis factor
(TNF) associated with a higher risk of HCC [66, 67]. They
showed that TNFo-308 AA and AG variants (versus GG)
were associated with a significantly increased risk of HCC.
A recent meta-analysis concluded that null genotypes of
glutathione S-transferase (GST) genes (GSTM1 or GSTTI)
were associated with an increased risk of HCC [68].

Aflatoxin

Aflatoxin B1 is a major hepatocarcinogen [69], which acts
in part by causing mutations of codon 249, a mutational
hotspot of the p53 tumor suppressor gene. Aflatoxin Bl
exposure, however, is more common in areas where HBV
is the dominant virus, including sub-Saharan Africa,
Southeast Asia, and China. Within these areas, higher
levels are found among rural than urban populations [70],
among males than females [71], and among persons
chronically infected with HBV [72]. Aflatoxin B1 is
metabolized by CYP2EIL, which is induced by alcohol.
Thus, alcohol may have an incremental genotoxic effect on
aflatoxin B1. One case—control study suggests that com-
bining aflatoxin B1 load and alcohol intake has a syner-
gistic and a statistically significant effect on RR (RR = 35)
[73]. There is a synergistic association between afla-
toxin B1 and HBV in increasing the risk of HCC. Com-
pared with persons with neither risk factor, the risk of HCC
is reported to be fourfold greater among persons with
elevated levels of aflatoxin B1, sevenfold greater among
chronic HBV carriers, and 60-fold greater among persons
with both factors [74, 75]. Evidence suggests that there is
also a synergistic effect between aflatoxin B1 and HCV
infection [76].

Tobacco

In 2004, the International Agency for Research on Cancer
(IARC) concluded that there was sufficient evidence that
tobacco smoking increased the risk of liver cancer [77]. A
recent meta-analysis estimated that there was a 1.5-fold
increased risk of HCC among current smokers, a risk
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similar to that imposed by obesity [78]. Inconsistent find-
ings in studies of the same populations, and the correlation
of smoking with other risk factors, such as HBV, HCV
infection, and alcohol consumption, have made the rela-
tionship between tobacco and HCC difficult to define.

Coffee and tea

Recent meta-analyses have examined the association
between coffee and tea and the risk of HCC [79, 80]. The
coffee meta-analysis found a significant 40% reduced risk
of HCC among consumers, and tea was associated with a
nonsignificant 23% reduced risk. Compounds in coffee that
potentially have chemopreventive effects include diterpe-
nes, chlorogenic acid, and caffeine [81]. Diterpenes are
lipids that inhibit enzyme expression and enzymatic
activity, induce detoxifying enzymes, and regulate signal-
ing pathways [82]. Chlorogenic acid is a polyphenol that
increases the activity of detoxifying enzymes [83]. Caf-
feine has antioxidant properties and increases the metabolic
rate and energy expenditure, which could potentially reg-
ulate weight and reduce the risk of developing metabolic
syndrome [84]. Similarly, tea contains bioactive com-
pounds, including caffeine and polyphenolic compounds.
One specific polyphenol, epigallocatechin-3-gallate, has
shown promise as a chemopreventive agent by inhibiting
enzymatic activities, cell invasion, angiogenesis, and
metastasis [85].

HCC in children

HCC is rare among adolescents and accounts for less than
1% of all malignant neoplasms among children younger
than 20 years [86]. Hence, the risk factors are not well
studied. Hepatoblastoma is the most common primary
hepatic malignancy (48%); HCC is the second most com-
mon primary liver malignancy of childhood (27%), with
vascular tumors and sarcomas making up the rest. HCC has
an incidence of 0.3-0.45 cases per million per year and
represents an increasingly common indication for LT in
children [87]. HCC is more common in adolescents
(10-14 years), more common in males than in females with
a 3:1 preponderance, and tends to present with more
advanced disease in children than in adults. HCC incidence
increases significantly with age. Overall, only 0.5-1% of
cases occur before the age of 20 years. The incidence of
HCC in chronic HBV carriers is approximately 100-fold
greater than that in the HBV-negative population and is
more common in areas with high endemic HBV infection
rates [88].

The decrease of HBV because of neonatal vaccination
has led to a reduction of cases in childhood, which will, in
time, be reflected in the adult population [89]. Although

HCYV is a known risk factor for HCC in adults, it is rare in
children, and there is only a single case report of this
occurrence requiring a transplant [90].

Inherited metabolic disorders, specifically hereditary
tyrosinemia, o-l-antitrypsin deficiency, and glycogen
storage disease type 1, are associated with childhood cir-
rhosis and HCC. Tyrosinemia I (fumarylacetoacetate
hydrolase deficiency) is an autosomal recessive inborn
error of tyrosine metabolism that leads to liver failure in
infancy or chronic liver disease with cirrhosis. Without
treatment, there is a high risk of HCC in childhood or early
adolescence. HCC is also associated with glycogen storage
disease types I and IV [91].

Only approximately 30% of pediatric cases of HCC
are associated with cirrhosis or preexisting liver abnor-
mality, in contrast to adult HCC in which cirrhosis is
present in 70-90% of cases. Similarly, o-1-antitrypsin
deficiency exhibits a different mechanism for carcino-
genesis, where liver injury results from abnormal and
chronic regenerative signaling from the sick cells to
younger, less sick hepatocytes: chronic regeneration in
the presence of tissue injury leading to adenomas and
ultimately to carcinomas. It was recently suggested that
progressive familial intrahepatic cholestasis type 2
(PFIC 2), associated with a mutation of the ABCBII
gene resulting in deficiency of bile salt export pump
(BSEP; a membrane canalicular bile acid transporter),
represents a specific and previously unrecognized risk for
HCC in young children [92].

Epidemiology of HCC in Asia-Pacific countries
Japan

In Japan, HCC ranks as the fifth most common cancer,
being the fourth most common in males and the sixth in
females. Nationwide follow-up surveys by the Liver Can-
cer Study Group of Japan (LCSGJ) show that the age-
standardized incidence rate of HCC and total number of
deaths from HCC in Japan in males have shown a gradual
declining trend since 2004 [7]. In 2012, a total of 30,690
people died of liver cancer in Japan. Although Japan is one
of the Asia—Pacific countries with a high HCC incidence
rate, the cause of HCC in Japan differs greatly from other
countries in the region. Chronic HCV infection is more
common than chronic HBV infection in Japan; chronic
HCYV infection accounts for 64.7% of HCCs. Chronic HBV
infection, on the other hand, accounts for only 15.1% of
HCCs [93]. In the near future, the prevalence of HCV-
related HCC is expected to decrease because of the falling
prevalence of HCV and deaths of older HCV patients from
unrelated causes [94].

@ Springer



324

Hepatol Int (2017) 11:317-370

Japan has created the world’s first nationwide HCC
surveillance program. Japan introduced a liver cancer
screening program as early as the 1980s. In 1999, the Japan
Society of Hepatology (JSH) began the Eliminate Liver
Cancer Program [95]. In addition, the Basic Act on
Hepatitis Measures enacted by the Japanese Ministry of
Health, Labour and Welfare in 2009 established a system
by which public health centers and clinics could perform
blood tests free of charge for the general public to check for
infection with HBV or HCV. Other possible reasons for the
declining incidence rate may be the great success of post-
natal HBV vaccination, screening of donated blood, and
efforts to educate the general public about HCV.

India

In India, information on HCC is inadequate. Based on
cancer registries in five Indian urban populations (Mumbai,
Bangalore, Chennai, Delhi, and Bhopal) over a period of
two decades, liver cancer ranks as the fifth most frequent
cancer for both sexes [96]. However, the cancer registries
in India probably do not provide accurate estimates of HCC
prevalence due to their predominantly urban location and
because the sources of information on cancers are from
cytology, oncology sites, and municipal registers of death.
The available data indicate that the age-adjusted incidence
rate of HCC in India for males ranges from 0.7 to 7.5 and
for females from 0.2 to 2.2 per 100,000 population per year
[97]. The incidence of HCC in patients with cirrhosis in
India is 1.6% per year. The male-to-female ratio for HCC
in India is 4:1. The age of presentation varies from 40 to
70 years. The age-standardized mortality rate for HCC in
India for males is 6.8 per 100,000 population and for
females is 5.1 per 100,000 population. In India, HBV and
HCV infection and alcohol consumption are the main
causes of HCC [98]. Reports from tertiary care centers in
India on HCC indicate that 70-97% of patients with HCC
had underlying cirrhosis of the liver at the time of diag-
nosis. Approximately one-quarter of HCC cases diagnosed
in India do not have any known predisposing risk factors
[99]. The presence of any HBV marker (HBsAg positive or
presence of HBV antibodies even in absence of HBsAg)
increases the risk of HCC [100]. Moreover, huge regional
differences in the prevalence of HBV and HCV infection
might exist in India (i.e., the prevalence of HCV infection
was the highest in the Punjab area). These differences
might translate into large differences in the incidence of
HCC between states. Because of the discrepant and isolated
reports on genetic risk factors for HCC, the data are cur-
rently insufficient to implicate any genetic risk factor for
HCC in India. The unpublished data from various tertiary
care centers suggest that the incidence of HCC is increas-
ing in India.
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Australia

Liver cancer is relatively uncommon in Australia, where it
ranks 15th in males and 20th in females [101]. However,
over the last three decades, HCC incidence rates have been
rising in Australia, both from cases attributed to HCV and
from HBV, the latter related to migration from high-
prevalence countries [101]. Data from the New South
Wales Cancer Registry indicate that age-standardized pri-
mary liver cancer incidence rates have increased from 2.0
and 0.5 per 100,000 population in 1972 in males and
females, respectively, to 7.4 and 2.9 per 100,000 popula-
tion in 2004 [102]. Other known risk factors for the
increasing incidence of HCC include HBV/HCV coinfec-
tion and cirrhosis due to various other causes. According to
an Australian study of HCC incidence as stratified by dif-
ferent chronic liver diseases, the HCC incidence rate of
patients with HBV monoinfection was markedly higher
than that of those with HCV monoinfection (9.5 versus 6.9
cases per 10,000 population-years) [103]. A recent popu-
lation-based linkage study showed that Asian-born resi-
dents with chronic HBV were 30 times more likely to
suffer HCC compared with Australian-born residents [104].
The incidence of HCC with chronic viral hepatitis is
associated with increasing age, male sex, and other
comorbidities. The highest age-specific risk of developing
HCC occurs among people aged 75 years and older, being
over 14 times the risk for those aged under 45 years. The
risk in male patients is threefold higher than that in females
[103].

China

Liver cancer is the second most common cancer in China.
Overall, the estimated incidence rate of HCC is 40.0 in
males and 15.3 in females per 100,000 population. HCC is
ranked as the second most common cause of cancer mor-
tality in males after lung cancer, while it ranked third in
females, after lung and gastric cancer. Approximately
383,203 persons die of liver cancer every year in China,
which accounts for 51% of deaths from liver cancer
worldwide. The mortality rate of liver cancer is higher in
males (37.4/100,000) than in females (14.3/100,000) [105].
In China, some identified risk factors, such as HBV, HCV,
aflatoxin B1, alcohol consumption, and tobacco smoking,
contribute to the incidence and mortality related to HCC. In
particular, HBV infection contributes to large number of
liver cancer deaths and cases (63.9%). For HCV, its rate in
liver cancer deaths and cases is lower than that of HBV
(27.7% overall; 27.3% in males and 28.6% in females), but
is still higher than that of aflatoxin exposure (25% of the
population), alcohol drinking (15.7%), and tobacco smok-
ing (13.9%) [106].
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Despite the high incidence of liver cancer throughout
China, a decreasing trend has been observed in some
regions because of neonatal vaccination for HBV infection.
According to the IARC and Cancer Incidence in Five
Continents, the age-adjusted incidence rate of HCC has
been in on decline in Shanghai since the 1970s and in
Tianjin since the 1980s [107, 108].

Hong Kong

According to the report from the Hong Kong Cancer
Registry 2012, liver cancer ranks as the fourth most
common cancer and the third most common cause of
cancer death. The incidence and mortality of liver cancer
are higher in males (fourth and third, respectively, among
all cancers) than in females (tenth and fourth, respec-
tively, among all cancers). In Hong Kong, the incidence
of HCC increases with age, and the highest age-specific
rate occurs among people aged 75 years and older,
accounting for 152.4 per 100,000 population. However,
over the past 25 years, the incidence of HCC in different
age groups (especially age >40 years) has shown an
apparently downward trend, which may be explained
partly by the declining rate of HBV infection due to the
institution of universal HBV vaccination since 1988.
Since 1992, chronic HBV has been the major cause of
HCC in Hong Kong, accounting for 80% cases in 1992
and 78% cases in 2006. From 1992 to 2006, the pro-
portion of HCV-related HCC increased from 3 to 6.3%
[109].

Korea

In South Korea, liver cancer is the fourth most common
cancer in males and the sixth most common cancer in
females. The age-standardized incidence rate is 46.5 per
100,000 population (males, 45/100,000; females,
12/100,000). The incidence increases for age over
40 years, reaching a peak at age of 55 years [110]. How-
ever, the incidence of liver cancer among Korean males
and females declined from 1999 to 2010. HBV is the most
common infectious etiologic factor for liver cancer in
Korea (70-80%), followed by HCV. HCC is the third
leading cause of cancer mortality in Korea. The successful
changes in the rates of liver cancer mortality in Korea were
not solely due to Korea’s HBV vaccination efforts, but also
depended on its 10-year plan for cancer control, imple-
mented by the government in 1996. With the introduction
of the National Cancer Screening Program (NCSP) in
1999, males and females aged over 40 years with chronic
hepatitis (HBsAg or HCV Ab positive) and liver cirrhosis
patients, regardless of HBV or HCV infection, are offered
screening for HCC.

New Zealand

New Zealand cancer census data from 1981 to 2004 indi-
cated that the age-standardized incidence rate of HCC was
30.3 per 100,000 population in Pacific Islander males and
9.8 per 100,000 population in Pacific Islander females,
compared with 4.1 per 100,000 population and 2.1 per
100,000 population for their European counterparts. This
suggests that the rate of HCC in the Pacific is 7 and 4 times
higher than that in Europe for males and females, respec-
tively [111].

Taiwan

A survey from the Taiwan Cancer Registration System
documented that the incidence rate of HCC had increased
gradually in 1994 to 2007. The rate in males was higher
than that in females. HBV infection is the most important
cause of HCC, but this phenomenon is changing [112].
From 1981 to 1985, HBV-related HCC accounted for 88%
of cases, whereas from 1995 to 2000, the proportion of
HBV-related HCC had decreased to 59%, whereas the
proportion of HCV-related HCC had increased to 31%. For
HBV-related HCC, the ratio between males and females
was 6.4, whereas for HCV-related HCC, it was 1.7 [113].

Iran

Although the true prevalence of HCC in Iran is unknown, it
is considered to be a low-risk area for HCC with an inci-
dence less than five per 100,000 population. In contrast to
Western countries, alcohol consumption has a minor role in
HCC development in Iran. A study on the risk factors of
HCC in southern Iran revealed that only 2.8% of HCC
patients had history of excess alcohol intake. The same
study showed that the predominant cause of HCC in the
studied group was HBV followed by HCV infections with
incidence of 52.1 and 8.5%, respectively. Approximately
80% of HCC patients were positive for at least one of the
known HBV markers. Thus, HBV infection appears to be
the most common cause of HCC in Iran [114].

Pakistan

Unfortunately, no population-based study was available
from which a true prevalence and incidence rate of HCC
could be ascertained. Most of the studies were hospital
based, consisting of case series with small sample size, or
they had a highly selected population. However, a few
cancer registries have been established in Pakistan. From
the 1970s until the mid-1990s, HBV was the most common
etiologic factor for HCC in Pakistan. Afterwards, a shift in
HCC etiology was observed with a steady rise in HCV-
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related HCC cases. The age-standardized rate for HCC is
7.64 per 100,000 population in males and 2.8 per 100,000
population in females. The male-to-female ratio is 3.6:1.
The usual age of presentation is in the fifth and sixth
decades [115].

Vietnam

Liver cancer is the leading cause of cancer-related death in
males and the second most common for females in Viet-
nam [116]. Vietnam is a country with a high prevalence of
HBYV infection (an estimated 12.3% of males and 8.8% of
females are chronically infected with HBV). Thus, HBV
was the most common etiologic factor for HCC in Vietnam
[117]. A recent study reported that the estimated chronic
HBYV prevalence increased from 6.4 million cases in 1990
to approximately 8.4 million cases in 2005 and was pro-
jected to decrease to 8.0 million by 2025 [118]. However,
the estimated HBV-related HCC incidence increased from
9400 in 1990 to 25,000 in 2025. Although universal infant
HBYV vaccination will reduce the chronic HBV prevalence
in Vietnam over the next two decades, the HBV-related
HCC burden will continue to rise.

Mongolia

The estimated incidence rate of HCC in Mongolia is 54.1
per 100,000 world standard population, one of the highest
worldwide [119]. Although universal vaccination for HBV
has been implemented and sterilization of medical devices
is being improved, the prevalence of chronic HBV and
HCYV infection is still over 10%. HCV-related HCCs are
more common than HBV-related cancers. In addition,
coinfection with HBV and HCV occurs frequently [117].
Due to the lack of a surveillance system, the majority of
cancers are diagnosed in advanced stages.

Other countries

Liver cancer is one of the most common causes of cancer-
related death in other Southeast Asian countries, such as
Cambodia, Lao People’s Democratic Republic, Myanmar,
and Papua New Guinea [116]. Although there is little
epidemiologic information from those countries in regard
to HCC, it is assumed that the high prevalence rate of HBV
infection is related to the occurrence of HCC.

Summary
Although it is difficult to accurately predict future changes

in disease epidemiology, the overall global incidence of
HCC is predicted to rise in the next few years until a
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plateau is reached by 2020. Subsequent decreases in the
rates of HCC have been predicted, resulting at least in part
from expected improvements in the control of HBV and
HCV infection. However, as the contributions of HBV and
HCV diminish, other risk factors, such as DM and obesity,
may become increasingly important drivers of future HCC
incidence trends.

Prevention
Prevention of HBV-related HCC
Recommendations

1. As primary prophylaxis for HCC, universal HBV
vaccination in infants should be implemented in all
countries, especially in HBV-endemic areas (Al).

2. As secondary prophylaxis for HCC development,
effective and potentially long-term antiviral therapy
should be started in all patients with chronic hepati-
tis B infection and active liver disease (B1).

The most common risk factor for HCC is chronic HBV
infection, which accounts for more than 50% of all cases
globally and 60-80% in some Asian countries such as
China, Korea, and Vietnam [120]. Strategies to prevent
HBV-related HCC include universal hepatitis B vaccina-
tion to reduce new infection as primary prevention,
antiviral treatment to prevent disease progression by
effectively suppressing HBV replication and regular
surveillance to detect HCC in earlier stage as secondary
prevention, and combination of curative therapies and
adjuvant antiviral treatment to increase survival and pre-
vent recurrence for HCC patients as tertiary prevention
[2, 121, 122].

Primary prophylaxis of HBV-related HCC:
vaccination to decrease the rate of HBV infection

The aim of primary prophylaxis in HBV-related HCC is to
prevent new HBV infection in healthy individuals. The
universal vaccination programs carried out in countries
with endemic HBV have resulted in a significant decline in
the prevalence rate of HBsAg and incidence of HCC [10].
As an excellent example, the universal hepatitis B immu-
nization program for newborns started in 1984 in Taiwan
has significantly reduced the prevalence rates of HBsAg,
acute and chronic hepatitis B, and cirrhosis, decreasing
HCC incidence by more than 80% and more than 90%
among cohorts vaccinated at birth, over 30 years
[123, 124]. Similarly, a national survey showed that the
prevalence of HBsAg declined from 9.75% in 1992 to
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7.18% in 2006 and among children younger than 5 years
old declined from 9.67% in 1992 to 0.96% in 2006 in
Mainland China, where universal infant HBV vaccination
started in 1992 [125]. More importantly, a recent report of
a 30-year follow-up study demonstrates that the HCC
incidence rate also decreased by 84% in vaccinated cohort
in Qidong area of eastern China [126].

Secondary prophylaxis of HBV-related HCC:
antiviral treatment to reduce incidence of HCC
in chronic HBV infection

Studies have revealed that a variety of factors are involved
in HCC occurrence among chronic hepatitis B patients,
including demographic, viral, and environmental factors. A
large-scale cohort study (REVEAL-HBYV study) carried out
in Taiwan demonstrated that the incidence rate of HCC was
correlated with serum viral load (1.3 and 14.9% for HBV-
DNA < 300 copies/s/mL and >1,000,000 copies/mL,
respectively) during a mean follow-up of 11.4 years [127].
Even patients with moderate HBV-DNA level
(60-2000 IU/mL) also had a substantially increased risk of
HCC and mortality compared with uninfected individuals
[128].

Many studies have shown that antiviral treatment can
decrease the incidence of HCC. A landmark randomized
control trial (RCT), the Cirrhosis and Lamivudine
Monotherapy (CALM) study, showed that, compared with
placebo group, lamivudine therapy significantly reduced
the risk of HCC in chronic hepatitis B patients with
advanced fibrosis and cirrhosis (7.4 versus 3.9%) [129].
Meta-analyses confirmed the beneficial effect of antiviral
treatment on reducing HCC risk, no matter whether using
lamivudine, adefovir, entecavir, tenofovir or interferon
[130, 131]. However, virological response was related to
the clinical outcome of patients. The incidence of HCC in
patients with sustained viral suppression was significantly
lower compared with patients with suboptimal response
[132]. A follow-up study showed that entecavir is more
effective than lamivudine in prevention of HCC due to
higher potency and minimal risk of resistance, with 5-year
cumulative incidence of HCC of 7 and 20%, respectively
[133]. Furthermore, the preventive efficacy of antiviral
therapy can be translated to general population; for
example, since launched in 2003, a viral hepatitis therapy
program has significantly reduced incidence and mortality
of HCC in the general population of Taiwan (HR was 0.86
for HCC incidence and 0.76 for HCC mortality) [134]. Of
note is that suppression of viral replication in chronic
hepatitis B patients by antiviral treatment could reduce but
not eliminate the risk of HCC, especially in patients with
cirrhosis [135-137]. Kim et al. reported that the risk of
HCC remained after HBsAg seroclearance in chronic

hepatitis B patients, especially in males, those who
achieved HBsAg seroclearance at >50 years, and those
who had liver cirrhosis [138]. Therefore, regular surveil-
lance is important in patients receiving antiviral therapy,
even in patients who lost HBsAg due to tumor detection at
early stage.

Prevention of HCV-related HCC
Recommendations

1. In chronic HCV infection, patients who obtained sus-
tained virologic response (SVR) had considerably
reduced risk of HCC. However, older age, low platelet
count, and/or presence of cirrhosis despite SVR are
associated with higher risk for HCC development and
warrant surveillance (Al).

In chronic HCV infection, a meta-analysis of retro-
spective studies implies that the risk of HCC is reduced
among patients with HCV who achieve SVR with antiviral
therapy with interferon or interferon plus ribavirin
[139-142]. Findings on the effect of SVR on liver-related
clinical outcomes are similar to those of retrospective, and
often smaller, studies from Japan [143-147], the results of
which supported an approximately 70-90% reduction in
the risk of liver-related clinical outcomes over a follow-up
period of 2-6 years in patients achieving SVR. This was
reaffirmed by a recent study on 33,005 HCV-infected
individuals who received treatment, whose authors con-
cluded that the risk of HCC after HCV cure, though con-
siderably reduced, remains relatively high at 0.33% per
year [148].

According to the HALT-C and EPIC studies, a contin-
ued elevated risk of HCC in patients with advanced chronic
HCV, even in those who achieved SVR, was evident [139].
The 5-year risk of HCC developing in noncirrhotic patients
was 4.8%. It has been suggested that the incidence of HCC
in patients with cirrhosis from HCV only increases sub-
stantially once the platelet count is less than 100 x 10%/L.
Furthermore, older age and presence of cirrhosis at the
point of SVR are associated with a higher risk of HCC,
warranting surveillance [148].

Although these studies have validated that there is a
reduced incidence of HCC in treated patients, there are no
data that demonstrate that treating or eradicating HCV
completely eliminates the risk for HCC. Thus, it seems
prudent to continue surveillance of patients with HCV and
cirrhosis who have achieved viral clearance on therapy.
Surveillance is recommended in SVR patients with any
histologic stage of HCV with comorbidities, such as alco-
hol abuse and DM, all of which are established independent
risk factors for HCC disease progression [148—151].

@ Springer



328

Hepatol Int (2017) 11:317-370

While the most commonly observed clinical benefits in
SVR patients were the consequence of the arrest of fibrosis
progression, regression of preexisting cirrhosis could be
documented [152—-157]. However, regressed cirrhosis is not
a reason to withhold surveillance. The recent new arrival of
direct-acting antiviral (DAA) therapy allowed for the
achievement of SVR in over 90% of treated patients,
irrespective of liver fibrosis stage [158-160]. However,
there is no evidence that successful DAA therapy reduces
the incidence of HCC in patients with HCV cirrhosis.
Maintaining surveillance for SVR patients with advanced
liver fibrosis, independently of the histologic response to
therapy, is highly recommended.

Prevention of metabolic-related HCC
Recommendations

1. Nonalcoholic fatty liver disease (NAFLD) and nonal-
coholic steatohepatitis (NASH) are associated with a
significant risk of HCC development, which is higher
in the presence of cirrhosis (A2).

2. A significant proportion of patients may suffer HCC
even in the absence of cirrhosis (B2).

3. Metabolic syndrome and its components, especially
DM and obesity, are associated with a high risk of
HCC in patients with NASH (A2).

The estimated prevalence of NASH in the general
population ranges from 2 to 3% [161]. Contrary to earlier
studies, recent data revealed that up to 44% of cases of
NAFLD can progress to NASH even in the absence of
inflammation at baseline [162] and approximately 23% of
cases of NASH progress to cirrhosis over the next
10-15 years [163]. In general, up to 30—40% and 10-15%
of cases of NASH do have advanced fibrosis and cirrhosis,
respectively, at initial diagnosis [163]. Although the overall
incidence of HCC depends on the stage of underlying
NAFLD and associated comorbid conditions, HCC can
develop in the absence of cirrhosis in such cases [164]. The
incidence of HCC in patients with NASH cirrhosis has
been reported to be 2.3-4.0% per year [165, 166].

Metabolic syndrome and components of metabolic
syndrome have been associated with the development of
HCC [167]. In a meta-analysis of 38,940 cases of cancers
(43 articles), Esposito et al. [168] found an association of
metabolic syndrome with HCC (RR = 1.43, p < 0.0001),
and the association was stronger in Asians (p = 0.002).
Moreover, the estimated risk of HCC was high in over-
weight (RR = 1.48; 95% CI 1.31-1.67) and obese
(RR = 1.83; 95% CI 1.59-2.11) individuals. Tanaka et al.
[169] reported that overweight or obesity increased the risk
of liver cancer among Japanese population in the meta-
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analysis. Consistent with these findings, a significant
association of DM and HCC was estimated (RR = 2.31;
95% CI 1.87-2.84) by Wang et al. in a meta-analysis of 17
case—control and 32 cohort studies [170]. Longer duration
of DM and treatment with insulin or sulfonylureas was also
associated with a higher risk of HCC, while a lower risk of
HCC was found with metformin treatment. In another
meta-analysis of 25 cohort studies, a higher incidence of
HCC was found in 17 studies [summary relative risks
(SRRs) = 2.01; 95% CI 1.61-2.51] among diabetics
compared with nondiabetic patients. However, due to the
presence of significant heterogeneity among studies
(Q = 136.68, p < 0.001, P = 87.6%), a subgroup analysis
was performed to control for confounders and DM was
associated with a higher HCC-related mortality
(SRR = 1.56; 95% CI 1.30-1.87) [51].

Because HBV and HCV are predominant risk factors
responsible for a high burden of liver diseases in the Asia—
Pacific region, Chen et al. [171] evaluated the influence of
obesity, DM and HBV/HCYV infections on the risk of HCC.
This meta-analysis found that the positive association with
obesity was independent of DM or infections with HBV/
HCV.

In general, the relationship between DM, obesity,
metabolic syndrome, and HCC is linked with develop-
ment of NAFLD, and theoretically all are interlinked with
each other. Considering the significant burden of NASH
(i.e., 2-3% of the global population) and a global rise in
the burden of obesity and DM, it is expected that there
will be a further increase in the burden of NASH and
HCC in the foreseeable future unless considerable pre-
ventive measures are taken [172]. Most of the studies
have used the Western criteria for obesity, and one can
expect an even higher risk if similar estimates are cal-
culated using the Asian criteria for obesity. Higher HCC-
related mortality rates have been reported in DM com-
pared with non-DM patients (RR = 2.43; 95% CI
1.66-3.55) [170]. Furthermore, due to limited available
treatment options, patients with NASH-related cirrhosis
carry a significant risk for HCC development. Moreover,
many other aspects must be explored; for instance, the
role of impaired glucose metabolism, dyslipidemia, and
the effect of concomitant use of alcohol must be evalu-
ated [167]. Hence, it is imperative to implement measures
to reduce the burden of factors associated with NAFLD/
NASH.

So far, the major key preventive measures here include
“healthier diet” and lifestyle modification, which should be
explained and promoted to every individual who is at risk
of or has suffered from such metabolic derangements.
Dietary modifications according to underlying risk factors,
such as DM, obesity, dyslipidemia, and hypertension,
should be promoted. Regular walking and exercise also
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have a major role in the control of metabolic syndrome and
NAFLD/NASH. Treatment of concomitant metabolic
conditions with statins and metformin may also have
beneficial effects on portal hypertension, complications of
liver cirrhosis, and HCC prevention [173]. The efficacy of
metformin as a preventive agent in a clinically relevant rat
model of HCC was evaluated and was associated with a
reduction in fibrotic and inflammatory markers and a 44%
decrease in HCC incidence when administered in an early
phase by suppressing the receptors for advanced glycation
end products and inhibiting activation of hepatic progenitor
cells [174]. However, these preclinical findings must be
confirmed in clinical studies.

Bariatric surgery could be recommended for patients
with morbid obesity, which may reduce liver fibrosis but
carries a risk of decompensation in patients with advanced
liver cirrhosis [173]. Furthermore, periodic screening for
HCC in patients with NASH will help to identify HCC
cases at early stage. Patients with NASH cirrhosis should
be considered for HCC screening according to the
American Association for the Study of Liver Diseases
(AASLD)/American College of Gastroenterology (ACG)
practice guidelines [175]. The other systemic review of
NAFLD recommended biannual imaging screening in
cirrhosis patients [176]. However, screening recommen-
dations have not yet accounted for the increasing number
of patients suffering from HCC even though up to 50% of
cases may occur in the absence of cirrhosis [59]. The
latest European guidelines suggested that the PNPLA3
1s738409 C > G gene polymorphism has been associated
with an increased HCC risk and might provide patient
risk stratification for tailored HCC surveillance in
NAFLD. However, no recommendation can currently be
made on the timing of surveillance or its cost-effective-
ness [177].

Tertiary prevention
Recommendations

1. Interferon did not reduce the recurrence-free survival
(RFS) rate in HBV-related HCC after curative treat-
ment. However, it is possible it improved overall sur-
vival (OS) (A2).

2. Nucleos(t)ide analogs may be effective in reducing the
risk of recurrent HBV-related HCC after curative
treatment (B2).

3. Interferon-based antiviral treatments after curative
therapy in HCV-related HCC may reduce the risk of
recurrence and improve survival rates (A2).

Tertiary prevention for HBV-related HCC

HBV viral load has been shown to have an important role
in carcinogenesis in patients with chronic HBV liver dis-
ease, and recently, HBV viral load has also been reported
to be involved in recurrence after radical treatment of HCC
[178]. In a retrospective study of 72 patients and a
prospective study of 200 patients with hepatic resection for
HBV-related HCC, both conducted by Hung et al.
[179, 180], patients with a high serum HBV viral load at
the time of tumor resection showed a significantly higher
recurrence rate compared with patients with a low viral
load. Therefore, antiviral and antiinflammatory therapies
after curative treatment may be crucial in preventing HCC
recurrence and improving survival.

Interferon

A small RCT was performed to evaluate the safety and
efficacy of 16 weeks of interferon o-2b therapy after hep-
atic resection in a group of patients with predominantly
HBV-related HCC [181]. The RR of death after interferon
treatment was 0.42 (95% CI 0.17-1.05, p = 0.06). Subset
analysis showed that adjuvant interferon had no survival
benefit for pTNM stage I/II tumors (5-year survival 90% in
both groups, p = 0.91), but prevented early recurrence and
improved the 5-year survival of patients with stage III/IVA
tumors from 24 to 68% (p = 0.04). After this study,
another similar RCT was conducted by Chen et al. [182]. A
total of 268 patients were allocated randomly to receive
either 53 weeks of adjuvant interferon o-2b treatment or
observation alone. The primary endpoint of this study was
RFS. The median RFS in the interferon o-2b and control
arms was 42.2 and 48.6 months, respectively (p = 0.83).
In this study, adjuvant interferon o-2b did not reduce the
postoperative recurrence of HBV-related HCC. HCC
recurrence after ablative treatment modalities is also
common. Although patients who received medical ablation
usually exhibit compensated hepatic functional status, the
frequent recurrence of HCC after successful ablation con-
tributes to short-term survival. A small RCT was conducted
to evaluate the effectiveness of interferon therapy in pre-
venting HCC recurrence after successful medical ablation
therapy for primary tumors [183]. The cumulative HCC
recurrence rate of the patients treated with interferon-o and
the control group was 25 and 40% at the end of 1 year, and
47 and 90% at the end of 4 years, respectively (p = 0.01).
Furthermore, this study also showed that the prevention of
HCC recurrence using interferon-o. was effective in HBV-
related HCC [183].
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Nucleos(t)ide analogs

A retrospective study was conducted to evaluate the
efficacy with or without using nucleos(t)ide analogs in
patients following curative treatments for HBV-related
HCC [184]. Cumulative OS rates of HCC were signifi-
cantly different between the two groups (p < 0.01), and
cumulative RFS rates of HCC were also significantly
different (p < 0.01). Yin et al. [185] also reported that
nucleos(t)ide analogs improved not only liver function but
recurrence and OS rates. In another study, improvements
of liver function and OS rates were reported even if the
recurrence rates were not significantly different between
groups treated with and without nucleos(t)ide analogs
[186, 187]. In addition, a large-scale nationwide cohort
study was reported from the Taiwan National Health
Insurance Research Database [188]. Among 100,938
newly diagnosed HCC patients, they identified 4569
HBV-related HCC patients who received curative liver
resection for HCC. The risk of first tumor recurrence was
compared between patients who did not (untreated cohort,
n =4051) and did (treated cohort, n = 518) take
nucleos(t)ide analogs. The treated cohort had a higher
prevalence of liver cirrhosis when compared with the
untreated cohort (48.6 versus 38.7%, p < 0.001), but had
a lower risk of HCC recurrence [n = 106 (20.5%) versus
n = 1765 (43.6%), p < 0.001] and lower overall risk of
death [n =55 (10.6%) versus n = 1145 (28.3%),
p < 0.001]. After adjusting for competing mortality, the
treated cohort had a significantly lower 6-year HCC
recurrence rate (45.6%; 95% CI 36.5-54.6% versus
untreated, 54.6%; 95% CI 52.5-56.6%, p < 0.001). Six-
year overall mortality was 29.0% (95% CI 20.0-38.0%)
for the treated and 42.4% (95% CI 40.0-44.7%,
p < 0.001) for the untreated cohort. On modified Cox
regression analysis, administration of nucleos(t)ide ana-
logs (HR 0.67; 95% CI 0.55-0.81, p < 0.001) was inde-
pendently associated with a reduced risk of HCC
recurrence. One study elucidated the superior choice of
nucleos(t)ide analogs [189]. A total of 865 HBV-related
HCC patients received antiviral treatment at diagnosis or
immediately following surgery (adefovir 10 mg per day in
300 patients, entecavir 0.5 mg per day in 325 patients,
and lamivudine 100 mg per day in 240 patients). The 1-,
2-, and 3-year resistance rates were 0.9, 1.8, and 2.5%,
respectively, for the entecavir group; 3.0, 8.3, and 12.0%,
respectively, for the adefovir group; and 21.7, 31.7, and
39.6%, respectively, for the lamivudine group. The 3-year
RFS for the entecavir group also differed significantly
compared with the adefovir and lamivudine groups (HR
0.810; 95% CI 0.656-0.999, p = 0.049 and HR 0.737;
95% CI 0.591-0.919, p < 0.01). A randomized, placebo-
controlled trial by Jang et al. [190] also showed that
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preemptive lamivudine therapy in patients receiving
transarterial chemoembolization (TACE) significantly
reduced the incidence of HBV reactivation (p < 0.01),
overall hepatitis (p = 0.02), and severe hepatitis
(p = 0.035) due to HBV reactivation after repeated
TACE. However, prevention of HCC by preemptive
lamivudine therapy was not shown because of advanced
stage of HCC in patients receiving TACE in that trial
[190]. Further prospective RCTs using a larger number of
patients are required to assess its role in tertiary preven-
tion of HCC.

Tertiary prevention of HCV-related HCC

HCC is characterized by very frequent recurrence even
after successful initial treatments, either surgical resection
or medical ablation, and the risk of recurrence remains high
for many years. Recurrence is particularly frequent with
HCV-related HCC, and a substantial proportion of recur-
rences, especially in the late phase, is thought to represent
de novo, or multicentric, hepatocarcinogenesis [191-193].

Interferon

Antiviral therapy, such as interferon, might reduce the
overall incidence of recurrence by preventing de novo
carcinogenesis. Indeed, several small-sized RCTs, per-
formed in Japan or Taiwan, showed that the incidence of
recurrence was reduced in HCV-related HCC by interferon
therapy subsequent to initial HCC treatment [194, 195].
Other RCTs, also performed in Japan or Taiwan, failed to
find a significant delay in the first recurrence with inter-
feron therapy, but the second or third recurrence was sig-
nificantly reduced especially in sustained responders, and
the OS was improved [196—198]. Another RCT in Italy did
not detect effects of interferon therapy on early recurrence
but did find an effect for late recurrence: after an interval of
more than 2 years, the rate seemed to be reduced among
interferon responders [199]. These data are compatible
with the hypothesis that de novo carcinogenesis was pre-
vented by successful antiviral therapy. On the other hand,
three reports on long-term observation of recurrence after
interferon therapy following HCC treatment showed that
the recurrence rate in interferon-treated patients decreased
over time, suggesting that the growth of residual micro-
scopic tumors had been delayed by interferon (in fact, the
two presumed mechanisms are not necessarily mutually
exclusive) [200-202]. Most of these studies used interferon
monotherapy and suffered from low sustained response
rates because most patients had advanced fibrosis or cir-
rhosis. Preventive effects of interferon on HCC recurrence
have yet to be reevaluated using current, more efficient
protocols.
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DAA therapy

DAA therapies are promising pan-genotypic agents used to
eradicate HCV. However, there is no evidence that DAA
therapy will prevent HCC recurrence. One study by Reig
et al. [203] reported that eradication of HCV with DAAs
led to an unexpected HCC recurrence in some cases, and
others reported DAAs did not lead to an unexpected HCC
recurrence [204-206], although there is no evidence that
SVR after DAA therapy reduces the incidence of recur-
rence in HCC patients receiving curative treatments. Fur-
thermore, prospective studies are needed.

Other tertiary preventions of HCC

Microscopic, intrahepatic residual tumors, including intra-
hepatic metastases, are a possible cause of HCC recur-
rence. Theoretically, adjuvant chemotherapy may reduce or
delay such recurrences, but few chemotherapeutic agents
have been effective against HCC and many of them may be
hepatotoxic.

Chemotherapy

Hasegawa et al. [207] reported RCT using oral adminis-
tration of uracil-tegafur after curative hepatic resection but
found no beneficial effects on recurrence and a possible
adverse effect on OS. Bruix et al. [208] assessed the effi-
cacy and safety of sorafenib versus placebo as adjuvant
therapy in patients with HCC after surgical resection or
local ablation. It was a double-blind, placebo-controlled
study of patients with HCC with complete radiologic
response after surgical resection (n = 900) or local abla-
tion (n = 214) at 202 sites (hospitals and research centers)
in 28 countries. At final analysis, 464 RFS events had
occurred (270 in the placebo group and 194 in the sorafenib
group). Median follow-up for RFS was 8.5 months in the
sorafenib group and 8.4 months in the placebo group.
There was no difference in median RFS between the two
groups (33.3 versus 33.7 months, respectively; HR 0.940;
95% CI 0.780-1.134; one-sided p = 0.26) [208]. In 1996,
Muto et al. [209] reported that administration of poly-
prenoic acid, an acyclic retinoid, reduced the recurrence of
HCC in RCT. Updated, long-term data were published
subsequently [210], postulating that the eradication of
premalignant or latent malignant clones was the mecha-
nism of action. However, in a large-scale RCT, the supe-
riority of acyclic retinoid over placebo could not be
validated, 600 mg per day was shown to be the optimal
dose, and treatment may possibly reduce the recurrence of
HCV-related HCC, particularly after 2 years [211]. The
investigators concluded that administration of 600 mg per
day of acyclic retinoid to patients with HCV-related HCC

who have completed curative therapy might improve sur-
vival for those classified as having Child—Pugh class A
disease, for whom liver function was relatively stable in
subanalysis [212]. Other adjuvant treatments have not been
shown to prolong RFS (Table 2).

Diagnosis and surveillance
Imaging modalities

Ultrasound (US) and contrast-enhanced ultrasound
(CEUS)

Recommendations

1. Ultrasonography (US) is a screening test and not a
diagnostic test for confirmation (B2).

2. Contrast-enhanced US (CEUS) is useful for character-
ization of US-detected liver nodules and is as sensitive
as dynamic computed tomography (CT) or dynamic
magnetic resonance imaging (MRI) in the diagnosis of
HCC (B2).

As the prognosis of HCC depends largely on the stage at
which the tumor is detected, detection of HCC early in its
development is critical to improve the survival of affected
patients [218-220]. Although ultrasonography (US) is the
most widely used modality for HCC screening and
surveillance, the reported sensitivity of surveillance US is
in the range of 40-81% with specificity of 80-100%
[221-225]. According to a recent meta-analysis study,
among B-mode US, contrast-enhanced US (CEUS), con-
trast-enhanced (CT), and gadolinium-enhanced (MRI),
B-mode US has the lowest sensitivity and positive pre-
dictive value (59.3, 77.4%) while the other three imaging
modalities show similar pooled per-lesion sensitivity and
positive predictive value (73.6-84.4%, 83.6—89.3%) [226].
Therefore, US is not advocated as a diagnostic test for
confirmation due to overlapped imaging features of benign
and malignant cirrhotic nodules on US.

Key alterations during hepatocarcinogenesis include
angiogenesis, changes in cellularity, the transporters of
hepatocytes, and decrease in the number and function of
Kupffer cells [227]. Among them, hemodynamic alteration
of the nodules, composed of increased arterial flow and
decreased portal flow, is the most important change for the
diagnosis of HCC [228-230]. However, B-mode US cannot
demonstrate tumor vascularity, and color Doppler imaging
and power Doppler imaging have low sensitivity for
detecting the microflow in the nodules [231-235]. CEUS
using microbubble contrast agents and low mechanical
index (MI) contrast-specific imaging techniques has been
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Table 2 Adjuvant treatments preventing hepatocellular carcinoma recurrence

Refs. Study design Drug Patients Outcomes
Takami et al. [213] RCT Meloxicam Meloxicam (n = 111) versus Negative. 3-year RFS 53.9% in
control (n = 113) meloxicam group versus 57.0% in
controls
Habu et al. [214] RCT Menaquinone Menaquinone (n = 21) versus Positive. Assessing only recurrence event:
control (n = 19) 9.5% in menaquinone group versus
47.4% in controls
Mizuta et al. [215] RCT Menatetrenone Menatetrenone (n = 32) versus Positive. 24-month recurrence rate 39.0%
control (n = 29) in menatetrenone group versus 83.2% in
controls and also assessing overall
survival
Hotta et al. [216] RCT Menatetrenone Menatetrenone (n = 21) versus Positive on recurrence event: 33.3% in
control (n = 24) menatetrenone group versus 50.0% in
controls, but negative on cumulative
recurrence rate
Yoshida et al. [217] RCT Menatetrenone Menatetrenone (n = 367) Second interim analysis indicated that

versus controls (n = 181)

vitamin K2 did not prevent disease
occurrence or death, with HR of 1.150
(95% CI 0.843-1.570, p = 0.811)

proved to be useful for characterizing liver tumors
[235, 236]. Moreover, as Sonazoid microbubbles are
phagocytosed by Kupffer cells, Kupffer imaging can be
achieved [237]. CEUS can provide superior sensitivity to
detect arterial hypervascularity and better demonstration of
rapid wash-out for non-HCC malignancy and very late
wash-out of HCC compared with dynamic CT or dynamic
MRI [238-240]. In addition, CEUS has several other
advantages including relative inexpensiveness, no nephro-
toxicity of the contrast agents, and no ionizing radiation. In
general, CEUS shares many features with dynamic CT and
dynamic MRI, but as they are purely intravascular, in
cholangiocarcinoma a discordant enhancement pattern is
observed on CEUS [236, 238, 241-243]. The AASLD
removed CEUS from their guidelines in part because of the
perceived possibility of false-positive HCC diagnosis in
patients with intrahepatic cholangiocarcinoma [63, 242],
but according to recent studies, wash-out time >55 s
identified patients with HCC with the highest level of
accuracy (92.7%) while wash-out time <55 s correctly
identified the vast majority of non-HCC malignancies (di-
agnostic accuracy 98.3%) [244, 245]. In terms of diag-
nostic accuracy of CEUS for small HCC, recent meta-
analysis studies demonstrated that pooled per-lesion sen-
sitivity and positive predictive value of CEUS are similarly
high (84.4 and 89.3%) compared with CT (73.6 and 85.8%)
and MRI (77.5 and 83.6%), with better cost-effectiveness
than CT or MRI [226, 246, 247]. A comparison of the
diagnostic ability for hepatic nodules between CEUS using
Sonazoid and contrast-enhanced CT showed that the sen-
sitivity and accuracy were significantly higher for the for-
mer (95.4 and 94.7%) than the latter (85.2 and 82.3%)
[248]. In real clinical practice, however, given that
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cirrhotic liver has a limited sonic window for whole-liver
evaluation and that there is a strong need for CT or MRI for
tumor staging, use of CEUS as a first-line diagnostic
approach, albeit possible, may not be more cost-effective
than CT or MRI. As of now, it is generally accepted that
CEUS is a cost-effective second-line imaging modality for
rapid diagnosis of HCC once the liver focal lesion is
detected on US, although dynamic CT or dynamic MRI is
the gold standard for characterization of small nodules at
high risk for HCC in cirrhotic liver in Western guidelines
[2, 249].

CT and MRI
Recommendations

1. Dynamic CT, dynamic MRI, or gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic acid (Gd-EOB-
DTPA)-enhanced MRI is recommended as a first-line
diagnostic tool for HCC when a screening test result is
abnormal (A1l).

2. Hallmark of HCC during dynamic CT scan or dynamic
MRI is the presence of arterial enhancement, followed
by wash-out of the tumor in the portal venous and/or
delayed phases (A1l).

3. HCC is diagnosed on the basis of imaging criteria in
patients belonging to the high-risk group (chronic
hepatitis B, chronic hepatitis C or cirrhosis) (Al).

4. The combined interpretation of dynamic and hepato-

biliary phase of Gd-EOB-DTPA-enhanced MRI with
diffusion-weighted imaging (DWI) can improve the
diagnostic accuracy of MR imaging for the detection
of HCC (B2).
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Once a screening test result is abnormal or there is
clinical suspicion of HCC, imaging plays a very important
role for diagnosis and staging of this tumor [218, 250-252].
The radiological stage is used to inform clinical decision-
making, optimize treatment strategies, and determine eli-
gibility and priority for LT [252, 253]. As mentioned
above, in addition to typical hemodynamic changes of
HCC such as increased arterial flow and decreased portal
flow, several pathologic changes can occur during devel-
opment of HCC, including changes in cellularity, the
transporters of hepatocytes such as organic anionic trans-
porting polypeptides (OATP), and a decrease in the number
and function of Kupffer cells [218, 227, 229, 254-257].
Accumulating data demonstrate that OATP8 expression
level decreases during hepatocarcinogenesis prior to
reduction in portal venous flow and prior to complete
neoarterialization and to elevation of arterial flow, which
may allow higher sensitivity for detection of malignant
changes [257, 258]. The most reliable diagnostic tests for
HCC diagnosis are quadruple-phase, multidetector CT
(MDCT) and dynamic MRI including late hepatic arterial,
portal venous, and delayed phase imaging at about 3—5 min
after contrast administration [259-261]. Dynamic CT and
dynamic MRI with extracellular gadolinium agents permit
diagnosis and staging of HCC based mainly on assessment
of vascularity [218, 251]. Presence of arterial enhancement
followed by wash-out has sensitivity and specificity of 90
and >95%, respectively, and positive predictive value
approximating 100% among the group having high risk for
developing HCC, e.g., those with liver cirrhosis [262-265].
When extracellular agents are used, dynamic CT and
dynamic MRI permit diagnosis and staging of HCC based
mainly on assessment of vascularity, and the hallmark of
HCC on CT or MRI is presence of arterial hyperenhance-
ment (wash-in) followed by wash-out of the tumor in the
portal venous and/or delayed phases [224, 266-268].
Sangiovanni et al. [269] also reported that the sensitivity of
contrast-enhanced MDCT, and MRI using extracellular
contrast medium for 1-2-cm HCCs was 44 and 44%, with
100% specificity. This may be explained by the fact that its
diagnostic hallmark is often unseen in small HCCs
(<2 cm), resulting from incomplete neoangiogenesis
[224]. According to several recent meta-analysis studies on
the diagnostic accuracy of US, CT, and MRI
[225, 226, 270, 271], the per-lesion sensitivity of MRI for
nodular HCC of all sizes is 77-100%, while that of CT is
68-91%, and MRI showed at least equivalent or higher per-
lesion sensitivity compared with MDCT and therefore
could be the preferred imaging modality for diagnosis of
HCCs [269, 272-275]. The per-lesion sensitivity, stratified
by size, was 100% for both modalities for nodular
HCCs > 2 cm, 44-47% (MRI) and 40-44% (CT) for
1-2 ecm HCCs [269, 272, 276], and 29-43% (MRI) and

10-33% (CT) for HCCs < 1 cm [269, 273, 276]. To date,
there are insufficient data regarding the specificity of the
combined criteria of wash-in and wash-out appearance in
subcentimeter cirrhotic nodules for HCC diagnosis on
dynamic CT or dynamic MRIL

More recently, cell-specific contrast agents other than
nonspecific extracellular gadolinium-based contrast media
such as superparamagnetic iron oxide (SPIO) particles or
in conjunction with gadolinium-based contrast agents
(double contrast) or gadolinium ethoxybenzyl diethylen-
etriamine pentaacetic acid (Gd-EOB-DTPA) have been
shown to be highly sensitive for detection of HCC, par-
ticularly for small tumors [218, 270, 277-285]. Several
studies demonstrated that hepatobiliary contrast media,
gadoxetate disodium (Gd-EOB-DTPA, Primovist, Bayer
Healthcare, Berlin, Germany) and gadobenate dimeglu-
mine (Gd-BOPTA, Multihance, Bracco, Milan, Italy),
have higher overall sensitivity than dynamic CT or
dynamic MRI using nonspecific gadolinium chelates
[218, 270, 281-285]. A recent meta-analysis study
demonstrated that Gd-EOB-DTPA-enhanced MRI showed
significantly higher per-lesion sensitivity than MRI per-
formed with other contrast agents (87 versus 74%) [270].
However, it should be noted that approximately 10-20%
of HCCs may appear as iso- to hyperintense nodules on
hepatobiliary phase (HBP) images [268, 286]. Despite the
great advantage of Gd-EOB-DTPA-enhanced MRI for
detection of liver malignancies, one possible pitfall of Gd-
EOB-DTPA-enhanced MRI arises from absence of its
equilibrium phase, which can show better wash-out of
HCC than portal phase of dynamic CT or dynamic MRI.
Indeed, hypointensity relative to the liver in the transi-
tional phase (1-5 min) of Gd-EOB-DTPA-enhanced MRI
may reflect hyperenhancement of liver parenchyma rather
than deenhancement of a mass (“pseudo-wash-out”),
thereby lowering the specificity for HCC diagnosis
[252, 287]. Therefore, to maintain specificity, only portal
venous phase “wash-out” should be used for a noninva-
sive HCC diagnosis, because malignant lesions other than
HCGCs, such as intrahepatic cholangiocarcinoma as well as
hemangioma, can show hypointensity on the transitional
phase and/or HBP [224, 288, 289].

Furthermore, diffusion-weighted imaging (DWI) may
improve the diagnostic performance of MRI for small
HCCs by demonstrating higher cellularity of HCC
[290-292]. However, although hypointensity on the HBP
and diffusion restriction could improve the sensitivity for
the diagnosis of HCC, these findings are not specific to
HCC and can be found in other hepatic tumors [224]. Other
ancillary imaging features favor HCC diagnosis, including
presence of intralesional fat, mild to modest hyperintensity
on T2-weighted images [259, 293, 294], and morphologic
findings such as intratumoral hemorrhage, fatty
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metamorphosis, and  nodule-in-nodule  architecture
[252, 259]. However, great caution is still required when
applying these ancillary imaging features for atypically
enhancing cirrhotic nodules in order to retain high speci-
ficity, facing clinicians with the dilemma of balancing
sensitivity and specificity [224].

Although CT hepatic arteriography (CTHA) and CT
during arterial portography (CTAP) images have been used
as the gold-standard diagnostic method for estimating the
malignancy grade based on hemodynamic alteration, this
has fallen out of favor in most practice settings except in
some countries due to its invasiveness and high false-
positive diagnosis rates [229, 295-297].

Hypovascular nodules associated with liver cirrhosis
include low-grade dysplastic nodule (LGDN) or high-
grade dysplastic nodules (HGDN), early HCCs, and
well-differentiated HCCs [218, 255, 266, 298-302]. As
there are significant overlaps in enhancement patterns
on dynamic CT or dynamic MRI [295-297, 303, 304],
the sensitivity of dynamic CT or dynamic MRI in
detection of borderline nodules is quite low [301]. When
detectable, most borderline lesions have a low—low—low,
iso—low—low, or iso—iso—low enhancement pattern com-
pared with adjacent background liver parenchyma on
CT or MRI during the hepatic arterial, portal venous,
and delayed phases [218, 301, 305, 306]. However,
because expression of OATP8 decreases during hepa-
tocarcinogenesis before complete neoarterialization,
early HCCs may be more frequently visible on the HBP
images of Gd-EOB-DTPA-enhanced MRI as hypoin-
tense nodules [289, 296, 297, 300, 307-313]. HBP
hypointensity is a strong predictor of premalignancy or
malignancy, and its presence favors HGDN or early
HCC over LGDN or cirrhotic nodule [310, 314-316].
Although several imaging features are reported to be
associated with interval progression to hypervascular
HCCs, including large (>9-10 mm diameter) nodule
size on initial imaging, nodule growth speed, hyperin-
tensity on T2-weighted images or DWI, hyperintensity
on pre-Tl-weighted imaging, and intratumoral fat
components [289, 315, 317, 318], it is quite challenging
to differentiate early HCC from HGDN based on MRI
findings [315]. More recently, when hypovascular nod-
ules are detected by MDCT and MRI, the guidelines
published by the (JSH) recommend use of CEUS using
Sonazoid and Gd-EOB-DTPA-enhanced MRI [319]. The
guidelines published by the JSH stated that hypovascu-
lar nodules that are hypointense in the hepatobiliary
phase of Gd-EOB-DTPA-enhanced MRI and hypoechoic
in the Kupffer phase of CEUS using Sonazoid can
almost always be diagnosed as early HCC even without
biopsy. However, it is highly likely that there may be
some overlaps between early HCCs and HGDNs on both

@ Springer

Gd-EOB-DTPA-enhanced MRI and CEUS using Sona-
zoid, so these noninvasive diagnostic criteria for hypo-
vascular nodules need to be confirmed with further
studies. As of now, those hypovascular nodules showing
hypointensity on HBP of Gd-EOB-DTPA-enhanced MRI
and decreased uptake in the Kupffer phase of CEUS
using Sonazoid require biopsy and pathologic confir-
mation, as they possess high malignant or premalignant
potential.

Tumor markers
Recommendations

1. Alpha-fetoprotein (AFP) is not recommended as a
confirmatory test in small HCC (B1).

2. The cut-off value of AFP should be set at 200 ng/mL
for surveillance programs when used in combination
with US (B2).

3. The cut-off value of AFP can be set at lower value in a
population with hepatitis virus suppression or eradica-
tion (B2).

Tumor markers for HCC are used in diagnosis and
treatment evaluation and during follow-up after treatment.
The diagnostic performance of tumor markers is evaluated
in terms of sensitivity, specificity, and likelihood ratios for
positive and negative results (LR+/LR—) [320]. There is
an inverse relationship between sensitivity and specificity
according to cut-off values. Setting a lower cut-off value
increases sensitivity and decreases specificity, and vice
versa. A tumor marker with high LR+ is useful in con-
firming diagnosis, whereas a tumor marker with high LR—
is useful in exclusive diagnosis. Those likelihood ratios
also change according to cut-off values. The serum level of
a tumor marker usually increases as the total tumor volume
increases. This fact indicates that the sensitivity of a tumor
marker essentially decreases as the target tumor size gets
smaller when the cut-off value is fixed.

Since surveillance with alpha-fetoprotein (AFP) alone is
only acceptable in a population-based setting and not rec-
ommended for high-risk population for HCC [321], the
optimal cut-off value of AFP for surveillance should be
determined on the premise that it is examined simultane-
ously with US. In such a situation, lower cut-off value
increases the frequency of recall procedures and subse-
quent negative results and decreases the efficiency of the
program.

Combination of two or more tumor markers may con-
tribute to increased sensitivity without decreasing speci-
ficity when the correlation among them is small enough.
However, to date the efficacy of adding another tumor
maker to a surveillance program with US and AFP has not
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been fully assessed, terms of cost-

effectiveness.

especially in

AFP

AFP has served as a diagnostic test for HCC since the
1970s, when most patients with HCC were diagnosed at
advanced stage and with clinical symptoms [322]. Con-
centration higher than 500 ng/mL was diagnostic. How-
ever, the usefulness of AFP as a diagnostic test in small
HCCs is limited. According to a systematic review, the
sensitivity, specificity, and LR+ of AFP in HCC smaller
than 5 cm in diameter ranged from 0.49 to 0.71, 0.49 to
0.86, and 1.28 to 4.03, respectively, with cut-off value of
20 ng/mL and from 0.04 to 0.31, 0.76 to 1.0, and 1.13 to
54.25, respectively, with cut-off value of 200 ng/mL [323].
In meta-analysis, AFP with cut-off value of 200 ng/mL
showed a better combined LR+ than with that of 20 ng/mL
(5.85 versus 2.45). The cut-off value of AFP should be set
at 200 ng/mL instead of 20 ng/mL when used with US in a
surveillance program, considering its efficiency.

It is well known that AFP levels increase in patients with
active hepatitis or cirrhosis and without HCC, reflecting
necroinflammation and regeneration; this fact is the major
cause of its low specificity in high-risk population. On the
other hand, AFP levels decrease according to decreased
hepatitis activity by nucleos(t)ide analogs in chronic hep-
atitis B and by interferon-based treatments in chronic
hepatitis C. In fact, increased sensitivity of AFP in those
populations was reported, setting lower cut-off values
[324, 325].

Des-gamma-carboxyprothrombin (DCP)

Des-gamma-carboxyprothrombin (DCP), also known as
prothrombin induced by vitamin K absence-1I (PIVKA-II),
is an abnormal prothrombin protein that is increased in the
serum of HCC patients. Since the report by Liebman et al.
[326], DCP has been recognized as not only a highly
specific marker for HCC but also a predictor of prognosis
of HCC patients [327, 328]. According to a systematic
review, the sensitivity, specificity, and LR+ of DCP in
HCC smaller than 5 cm in diameter ranged from 0.14 to
0.54, 0.95 to 0.99, and 6.86 to 29.7, respectively, with cut-
off value of 40 mAU/mL and from 0.07 to 0.56, 0.72 to
1.0, and 3.56 to 13.0, respectively, with cut-off value of
100 mAU/mL [323]. In meta-analysis, DCP with cut-off
value of 40 mAU/mL showed a better combined LR+ than
with that of 100 mAU/mL (12.60 versus 4.91). According
to a more recent systematic review, DCP showed better
diagnostic performance than AFP in diagnosis of early
HCC in terms of area under the receiver operating char-
acteristic (ROC) curves (0.84 versus 0.68) [329]. However,

funnel plot analysis suggested the presence of publication
bias in DCP studies (p = 0.02). In fact, in a large-scale
study enrolling 1377 patients with HCC and 355 with
chronic hepatitis or cirrhosis, the diagnostic performance of
DCP was inferior to that of AFP in terms of area under the
ROC curves in small (<5 cm) HCC [330].

Lens culinaris agglutinin-reactive fraction of AFP
(AFP-L3)

AFP-L3 is a fucosylated variant of AFP that reacts with
Lens culinaris agglutinin A and can differentiate an
increase in AFP due to HCC from that in patients with
benign liver disease [331-333]. According to a systematic
review, the sensitivity, specificity, and LR+ of AFP-L3 in
HCC smaller than 5 cm in diameter ranged from 0.22 to
0.33, 0.93 to 0.94, and 4.63 to 30.8, respectively, with cut-
off value of 10% and from 0.21 to 0.49, 0.94 to 1.0, and
8.06 to 45.1, respectively, with cut-off value of 15% [323].
In meta-analysis, AFP-L3 with cut-off value of 15%
showed better combined LR+ than with that of 10% (13.1
versus 4.89). One of the major drawbacks of AFP-L3 was
that it could not be measured when the AFP value was less
than 10 ng/mL. Recently, a highly sensitive assay system
was developed which enables AFP-L3 measurement in the
range of AFP less than 10 ng/mL [334].

Glypican-3 (GPC3)

Glypican-3 (GPC3) is a heparan sulfate proteoglycan
anchored to the plasma membrane. It has been reported that
GPC3 messenger RNA levels are increased in HCC
[335, 336]. Whereas the role of GPC3 in immunohisto-
chemical staining was established [337], the reported diag-
nostic performance of serum GPC3 was inconsistent, mainly
due to heterogeneous and unestablished assay system [338].

Other tumor markers

Various tumor markers have been proposed including
Golgi protein 73 (GP73) [339], osteopontin [340], circu-
lating cell free DNA [341], and microRNAs [342]. How-
ever, none of them were introduced into daily practice,
mainly due to significant heterogeneity in reports and lack
of profitability regarding cost-effectiveness.

Combination of tumor markers

Simultaneous measurement of tumor markers enables
improved sensitivity without deteriorating specificity when
they have weak association. The sensitivity, specificity, and
LR+ of AFP and DCP in small HCC were reported to be
0.48, 0.99, and 48 with cut-off value of 200 ng/mL for AFP
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and 40 mAU/mL for DCP [343]. A more recent systematic
review reported that the area under the ROC curve was not
improved by the combination of DCP and AFP (0.83)
compared with DCP alone (0.84) [329].

Diagnostic algorithm
Recommendations

1. Typical HCC can be diagnosed by imaging, regardless
of its size, if a typical vascular pattern (i.e., arterial
enhancement with portal venous wash-out) is obtained
on dynamic CT, dynamic MRI, or CEUS (Al).

2. Nodular lesions that show an atypical imaging pattern
(e.g., iso- or hypovascular in the arterial phase or
arterial hypervascularity alone without portal venous
wash-out) should undergo further examination (Al).

3. Gd-EOB-DTPA-enhanced MRI can detect the earliest
initial change of HCC, including HGDN, and early
HCC (B1).

This section of the guidelines is markedly revised from
the APASL 2010 guidelines [4]. Various studies have
verified the usefulness of Gd-EOB-DTPA-enhanced MRI
for diagnosis of HCC [268, 286, 296, 297, 300,
311-313, 317, 318, 344-363], although this method is not
yet included in the AALSD or European Association for
Study of the Liver (EASL) guidelines [2, 63, 364, 365].
Only the updated APASL diagnostic algorithm includes
Gd-EOB-DTPA-enhanced MRI as a first-line diagnostic
tool for HCC, similar to the JSH-LCSGJ guideline [366].

Many institutions use US to screen for HCC, followed
by dynamic CT or dynamic MRI for subsequent exami-
nations. When a lesion is intensely enhanced in the arterial
phase and shows hypoenhancement in the equilibrium
phase by dynamic CT or transitional phase by Gd-EOB-
DTPA-enhanced MRI, a diagnosis of HCC is unproblem-
atic; however, benign hypervascular lesions (such as high-
flow-type hemangioma), cholangiocarcinoma or combined
HCC must be ruled out. When the hepatobiliary phase of
Gd-EOB-DTPA-enhanced MRI or the Kupffer phase of
CEUS using Sonazoid confirms a defect in these hyper-
vascular nodules, the lesion is diagnosed as HCC.

When a lesion shows low attenuation in the equilibrium
phase of dynamic CT, even though it is not intensely
enhanced during the early arterial phase, it is possible that a
more sensitive tool may diagnose it as hypervascular HCC;
thus, either Gd-EOB-DTPA-enhanced MRI or CEUS is
necessary. Gd-EOB-DTPA-enhanced MRI is useful for
differentiating HCC (even early HCC) from a dysplastic
nodule (DN) [299, 309, 367, 368].

Among the nodular lesions associated with liver cir-
rhosis, LGDN and HGDN (both of which are considered to
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be precancerous lesions), early HCC, and nodule-in-nodule
liver cancer are regarded as nonhypervascular
[299, 309, 367, 368]. The most sensitive modalities that
can objectively depict the early carcinogenic process are
(1) Gd-EOB-DTPA-enhanced MRI, followed by (2)
CTAP/CTHA [369, 370], and (3) CEUS [237, 362, 371].
Portal blood flow may be maintained in some cases of DN
and early HCC, but is reduced in other nodules, although
arterial blood flow in cases of DN and early HCC will not
have increased yet.

The hepatobiliary phase of Gd-EOB-DTPA-enhanced
MRI can detect the earliest initial changes suggestive of
HCC. The second earliest initial carcinogenic changes are
detected by CTAP and the third earliest by CTHA or CEUS
(an increase in intranodular arterial blood flow). However,
because CTHA and CTAP are invasive tests, they are only
performed in a few countries. Indeed, they are not common
in the majority of countries in the Asia—Pacific region.
Since Gd-EOB-DTPA-enhanced MRI can identify initial
carcinogenic changes earlier than CTHA and CTAP
[258, 357, 372], the latter have been almost completely
replaced by Gd-EOB-DTPA-enhanced MRI. Hypervascu-
lar lesions depicted as nodule-in-nodule or as entire
hypervascular nodules can be interpreted as advanced
cancer, even though they are very small (<2 cm).

Dynamic CT and Gd-EOB-DTPA-enhanced MRI show
high sensitivity for arterial blood flow, but cannot detect
arterial vascularity in some nodules (detection depends on
acquisition timing, tumor location, and liver function),
even though lesions appear hypervascular on CEUS.
Nodules showing intense enhancement on dynamic CT and
Gd-EOB-DTPA-enhanced MRI are assumed to exhibit
high intensity on T2-weighted images and DWIs of MRI.

It is recommended that institutions specializing in liver
cancer use Gd-EOB-DTPA-enhanced MRI rather than
dynamic CT, even when no tumor is detected on US.
Institutions that cannot perform Gd-EOB-DTPA-enhanced
MRI as the first-line modality may use dynamic CT as a
first screening/diagnostic step, even when no nodule is
evident on US; however, it is absolutely essential that Gd-
EOB-DTPA-enhanced MRI or CEUS be performed when
dynamic CT does not identify hallmarks of HCC (.e.,
arterial enhancement with venous wash-out) in the detected
nodule.

If Gd-EOB-DTPA-enhanced MRI (or dynamic CT)
identifies a hypervascular nodule with venous wash-out, a
definitive diagnosis of HCC can be made. If Gd-EOB-
DTPA-enhanced MRI (or dynamic CT) shows a hyper-
vascular nodule without venous wash-out, a diagnosis of
HCC can be made if the nodule shows hypointensity in the
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI.
Also, in this case, another modality or MRI sequence
should be used to rule out high-flow-type hemangioma,
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because the latter can exhibit characteristics similar to
HCC. If the hepatobiliary phase of Gd-EOB-DTPA-en-
hanced MRI identifies the nodule as isointense or hyper-
intense, biopsy is necessary to confirm the diagnosis
(Fig. 1a).

Isointense or hyperintense nonhypervascular nodules in
the hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI
can enter the routine surveillance protocol. However,
nonhypervascular hypointense nodules have high potential
for malignant transformation [296, 297, 311-313, 317, 318,
345, 346, 351, 355, 356, 373-379], therefore CEUS study

Fig. 1 Diagnostic algorithm for a
hepatocellular carcinoma using
multiple modalities (a) and only

using Sonazoid is highly recommended. HCC can be cor-
rectly diagnosed by CEUS if hypervascularity and/or a
defect in the Kupffer phase is observed. Even when a
nodule is hypovascular on CEUS with an evident defect in
the Kupffer phase, a finding of hypointensity in the hepa-
tobiliary phase of Gd-EOB-DTPA-enhanced MRI is highly
suggestive of malignancy [300]. Accordingly, biopsy is
recommended for nodules 1.0 cm or larger to make a dif-
ferential diagnosis between early HCC and a DN. If a
nodule is diagnosed as a DN or a borderline lesion,
intensive follow-up (every 3-6 months) with Gd-EOB-
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DTPA-enhanced MRI (or dynamic CT) is recommended.
Intensive follow-up is also recommended for nodules
smaller than 1.0 cm (Fig. 1a). In field practice, multiple
imaging modalities are not available at all institutions.
Thus, a diagnostic algorithm based on using only dynamic
CT (or MRI) is shown in Fig. 1b.

Surveillance
Recommendations

1. Surveillance for HCC should be undertaken in high-
risk groups of patients and is recommended (B2). The
high-risk groups of patients for whom a surveillance
strategy is recommended are described in Table 3.

2. Measurement of AFP alone is not recommended for
routine surveillance of HCC (A1l).

3. The combination of US and serum AFP measurement
performed biannually should be used as a surveillance
strategy for HCC (B2).

Surveillance is continuous monitoring for disease
occurrence and includes application of a diagnostic test in
subjects who are predisposed to develop a given disease.
The primary motive of a surveillance strategy is to achieve
a reduction in disease-related mortality through prompt
diagnosis (stage migration), which could, in turn, increase
the cost-effectiveness and applicability of certain curative
therapies. To consider an intervention effective, it must
result in an increase in longevity of approximately 90 days,

Table 3 Groups where HCC surveillance is recommended

HCC risk (per year)

Cirrhotic hepatitis patients

HBV 3-5%
HCV 2-7%
NASH 2-4%

Unknown, but
probably >1.5%

2-3%

Unknown, but
probably >1.5%

Genetic hemochromatosis

Primary biliary cirrhosis
Alpha 1 antitrypsin (A1AT)
deficiency

Autoimmune hepatitis

Other etiologies Unknown
Chronic HBV carriers
Noncirrhotic (HBsAg positive)
Asian females >50 years 0.3-0.6%
Asian males >40 years 0.4-0.6%
Africans aged >20 years NA
History of HCC in the family NA
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and if this goal can be attained at a cost of less than
approximately US $50,000 per year of life gained, it can be
deemed cost-effective [380].

Which modality is to be used for surveillance?

Tests that are widely available include tumor markers, such
as AFP, and various imaging techniques, including US, CT,
and MRI of the abdomen.

UsS

US is widely used for surveillance of HCC; its wide-
spread popularity is due to its potential advantages of
being noninvasive, an absence of risks associated with the
procedure, and good acceptance by patients at a relatively
moderate cost. A meta-analysis that included 19 studies
showed US to be less effective in detecting early-stage
HCC (demonstrating sensitivity of only 63%). However,
it could detect the vast majority of HCCs before the
disease would present clinically (depicting pooled sensi-
tivity of approximately 94%) [223]. In a study by Sato
et al. [381] including 1431 patients with chronic HCV,
US-based surveillance performed by trained operators
resulted in early detection of HCC with average tumor
size of 1.6 &= 0.6 cm and only 1.4% of cases exceeded
tumor size of 30 mm. Thus, it was suggested that US-
based surveillance performed biannually was adequate for
early detection of HCC at size smaller than 3 cm [381].
The performance of US in an HCC surveillance strategy
strongly depends on the quality of the equipment and the
expertise of the performing operator. Thus, special train-
ing is warranted for ultrasonographers.

CcT

Existing evidence does not support routine use of CT
scan as part of the surveillance strategy for HCC.
Patients with a >1 cm nodule in the liver are recom-
mended to undergo a contrast-enhanced CT scan of the
abdomen as a confirmatory test for the diagnosis of
HCC, including unenhanced, arterial, venous, and
delayed phase imaging. A randomized trial in 2013
examined 163 patients who had compensated cirrhosis.
These patients were tested with either annual CT plus
biannual AFP measurements or biannual US plus serum
AFP measurements. The combination of biannual US and
AFP was marginally more sensitive at detecting HCC
compared with annual CT (sensitivity and specificity of
71.4 and 97.5%, respectively, versus 66.7 and 94.4%,
respectively). This approach was deemed more cost-ef-
fective as well [222].
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MRI

Similar to the recommendations made for CT scanning of
the abdomen, no existing evidence is available to recom-
mend use of abdominal MRI as part of a routine surveil-
lance strategy for detecting HCC. For patients with a
>1 cm nodule in the liver, dynamic imaging, such as
contrast-enhanced MRI of the abdomen, is often needed as
a confirmatory test.

AFP and other serum markers

Measurement of serum AFP levels is a commonly used
strategy for surveillance of HCC because it is widely
available, inexpensive, and easy to perform. However, AFP
has suboptimal performance as a serological test for
surveillance of HCC because it depicts fluctuating levels in
patients with cirrhosis with a flare of HCV or HBV
infection, in exacerbations of the underlying liver disease,
or with the occurrence of HCC [382]. Abnormal serum
AFP levels can be detected in only a meager proportion of
early-stage HCC tumors (10-20%), which has been cor-
related now with a particular subtype of HCC depicting an
aggressive behavior (S2 class, EpCAM positive) [383].
AFP level of 10.7 ng/ml showed the best combination of
specificity (78.1%) and sensitivity (77.2%), a cutoff that
approaches the routine limits of normalcy [384].

Other serum markers, such as (DCP), a-fucosidase,
AFP-L3%, and GPC3, are used predominantly in the
diagnostic rather than surveillance setting. The presence of
elevated AFP-L3% is correlated with an HCC tumor with
shorter doubling time, and raised serum DCP levels might
be indicative of microinvasion [327, 385]. The HALT-C
trial studied the AFP and DCP levels of 39 patients with
HCC at diagnosis and 1 year before diagnosis. Neither test
alone, nor the combination of the two, was adequate for
HCC surveillance because the sensitivity of these two
markers was very low when they were used either alone or
in combination for the strategy to be considered efficacious
and cost-effective in detecting HCC at an early stage [386].
Thus, at present, other than AFP, none of these markers can
be recommended routinely as part of a surveillance strategy
in patients at risk for HCC [327, 387].

Combination of imaging and serum markers

Conflicting results have been obtained in studies regarding
combination of imaging modalities with serum biomarkers
for surveillance of HCC.

The pooled data of a meta-analysis that included 19
studies revealed the combination of US and serum AFP
measurement versus US alone to be less specific, no better
at detecting subclinical and early-stage HCC, and also not

cost-effective. Although the combination of US and serum
AFP resulted in marginally increased sensitivity of 69%
compared with 63% for US, this result was not statistically
significant [209].

In contrast, a recent study demonstrated that serum AFP
at cut-off of 20 ng/ml had specificity and sensitivity of 93.3
and 52.9%, respectively, whereas US had specificity and
sensitivity of 74.2 and 92.0%, respectively. A combination
of US and AFP demonstrated specificity and sensitivity of
68.3 and 99.2%, respectively. It was shown that, when
using a cutoff level at 20 ng/ml and AFP level increase of
>2 times from its nadir in the past 12 months, the com-
bination of AFP and US depicted improved specificity of
71.5% and sensitivity of 99.2% [388].

The benefit of surveillance was demonstrated in a subset
of patients with chronic HBV by Zhang et al. [389], in
which biannual US and serum AFP measurement decreased
mortality from HCC by 37%. Compliance with scheduled
tests was depicted to be approximately 58.2%.

Several reports indicated the cost-effectiveness of HCC
surveillance, and that US combined with AFP has been
shown to increase quality-adjusted life years in patients
who suffered from HCC, especially those who underwent
resection or transplantation [390, 391]. The cost-effec-
tiveness of HCC surveillance depends on the potential of
receiving curative therapy in high-risk patients. Thus, if
patients are ineligible for treatments due to severe liver
disease or other comorbidities, HCC surveillance is not
necessary.

Surveillance interval

The surveillance interval should depend on the median
tumor doubling time, which in HCC is demonstrated to be
80-117 days. Thus, a 6-month surveillance interval seems to
be a reasonable choice. A meta-analysis has demonstrated
that the pooled sensitivity of a US-based 6-month surveil-
lance strategy drops to 50 from 70% for an annual program
[223]. A study by Anderson et al. [392] demonstrated that
semiannual US surveillance for HCC in cirrhotic patients
improves clinical outcomes at a reasonable cost.

In a RCT that enrolled patients with compensated cir-
rhosis, no significant difference was documented in the rate
of HCC detection by using an US-based surveillance
strategy every 3 or 6 months [393]. Thus, in the light of
current evidence, biannual US with AFP-based surveil-
lance seems appropriate and is currently recommended.

‘Who should be screened and who should not be
screened?

The economic scenario in each country dictates the
threshold at which a surveillance program can be
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considered cost-effective. Patients who have liver cirrhosis
and those who have chronic HBV infection (even in the
absence of cirrhosis) constitute the high-risk group
(Table 3) [394].

Cirrhotic patients

Studies depicting cost-effectiveness suggest that an inci-
dence of HCC of >1.5% per year would require imple-
menting a surveillance strategy in patients with cirrhosis
[395], which would be irrespective of the etiology involved
[396, 397]. The presence of late-stage decompensated cir-
rhosis (Child-Pugh class C) prohibits use of potentially
curative therapies, thus implementing surveillance strate-
gies may not be a cost-effective approach in this subset of
patients [398]. Cost-effectiveness of HCC surveillance
depends on the potential of receiving curative therapy in
high-risk patients. Thus, if patients are ineligible for
treatments due to severe liver disease or other comorbidi-
ties, HCC surveillance is not necessary. An exception to
this is patients who are on a wait list for liver transplan-
tation, who should undergo screening for HCC regardless
of their liver functional status, because detecting tumors
that exceed the conventional criteria may help formulate
priority policies for liver transplantation. A recent Danish
nationwide cohort study of patients suffering from alcohol-
related cirrhosis of the liver demonstrated that the 5-year
cumulative risk of HCC was only 1.0% [399]. Thus, it was
suggested that a surveillance strategy in this subset of
patients might not prove to be cost-effective. However,
further studies are needed to verify these findings.

Noncirrhotic patients

Patients with chronic HBV infection are also prone to HCC
development in the noncirrhotic stage. The cut-off for the
annual incidence of HCC is still ill defined in this subset of
patients, although opinions from expert groups suggest that
surveillance strategies are needed if the incidence of HCC
is at least 0.2% per year [63]. The incidence of HCC
developing in adult African or Asian active chronic HBV
carriers or those having a history of HCC in the family
exceeds this value, and Asian patients having high HBV-
DNA levels (>10,000 copies/mL) in serum are linked to a
yearly risk of more than 0.2%/year [127].

A recent study by Lok et al. [400] showed that HCC can
occur in noncirrhotic patients with chronic HCV who suffer
advanced fibrosis (METAVIR F3). Because the transition
to cirrhosis from advanced fibrosis cannot be determined
accurately, patients with chronic HCV with bridging
fibrosis can be considered for surveillance; however, fur-
ther data are needed before making this recommendation.
Noninvasive methods to ascertain liver fibrosis, such as
transient elastography (TE), appear to be novel tools to
stratify patients at different HCC risks [401]. On the other
hand, HCV-infected patients without cirrhosis remain at
risk for HCC even after achieving SVR. Fibrotic stage (F2
or 3), old age, gamma-glutamyl transferase (yGT) levels,
and DM carry high risk of HCC occurrence in noncirrhotic
patients, and these patients should be followed carefully for
HCC after SVR [402, 403].

Patients with NAFLD who do not have underlying cir-
rhosis might also benefit from surveillance strategies,
because emerging evidence suggests an increased risk of
HCC development in this subset of patients [404]; how-
ever, more data on this aspect are needed before this
strategy is recommended routinely [63]. Groups for whom
HCC surveillance is uncertain are shown in Table 4.

Treated chronic viral hepatitis

Patients who achieve sustained HBV-DNA suppression or
HBeAg seroconversion in chronic HBV and SVR in
chronic HCV have increased; however, those treatments do
not eliminate the risk of HCC completely [405, 406]. Thus,
surveillance can be offered to treated patients with chronic
HCV who have advanced fibrosis or cirrhosis even after
achieving SVR and also to patients with chronic HBV who
remain at risk of HCC due to various baseline factors.

Treatments

Liver resection (LR) and liver transplantation (LT)
Recommendations

1. Liver resection (LR) is a first-line curative treatment

for HCC among Child—Pugh class A patients when
resectability is confirmed in terms of tumor burden and

Table 4 Groups in which HCC

- . . Patient group
surveillance is uncertain

HCC risk (per year)

Chronic hepatitis C-induced advanced fibrosis

Chronic hepatitis B carriers younger than 50 years (females) or 40 years (males)

NAFLD, noncirrhotic stage

<1.5%
<0.2%
<1.5%
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liver functional reserve by multidisciplinary evaluation
(B2).

2. Liver transplantation (LT) provides the best curative
treatment for all HCC patients from an oncologic point
of view, and is recommended as a first-line treatment
for HCC among Child-Pugh class B and C patients, if
the liver graft is available (Al).

3. For cirrhotic Child-Pugh class A patients with HCC,
resectability should be discussed in a multidisciplinary
team, and LT may be a second-line treatment in a
salvage fashion (B2).

The optimal surgical strategy for HCC has been contro-
versial so far, as indicated by the great difference in the
indication for liver resection (LR) and LT for HCC among
major algorithms worldwide [407]. When considering LR
for HCC, the extent of radical resection to remove the tumor,
as well as the functional reserve of the diseased liver and the
volume of the future liver remnant, must be taken into
account. LT is now an established surgical treatment for
HCC patients. In contrast to LR, there is no restriction for
the indication of LT, at least in terms of liver function, and
LT, which could potentially cure both the diseased liver and
HCC, is superior to any other conventional therapeutic
options from an oncologic point of view. It is now a matter
of debate how best to select those to be offered LR or LT
among HCC patients [408]. This section summarizes the
current opinions regarding LR and LT for HCC.

LR

Recent advances in surgical technique and postoperative
management have made LR safe even for those with cir-
rhosis; however, there is still no consensus regarding the
tumor burden and the liver functional reserve suitable for
surgical removal with adequate survival. Indeed, in the
current most popular guidelines, surgery is restricted to
those patients in the very early or early stages of disease
[Barcelona-Clinic Liver Cancer (BCLC) score 0-A]
[2, 409]. However, LR in the real world is completely dif-
ferent from the BCLC recommendations, as demonstrated in
the recent multicenter study reporting that 50% of patients
with intermediate or advanced HCC are treated routinely
with surgery in tertiary referral centers worldwide [410].
Thus, it seems difficult to set clear indication of LR for HCC
at present, and LR should at least be considered in a mul-
tidisciplinary setting as a potentially curative therapy for not
only patients with BCLC stage 0—A, but also patients with
BCLC stages B and C. At present, however, the AASLD
and EASL guidelines [2, 63], following the BCLC recom-
mendations, set narrower indication for LR. LR is only
recommended for those with single nodule and Child—Pugh
class A without evidence of portal hypertension.

In contrast, LR is indicated for more progressed HCC in
terms of tumor burden and for more diseased patients in
terms of liver function in the treatment algorithms of Asian
countries [411]. Firstly, in terms of tumor burden: The
Japanese treatment algorithm recommends LR for those
with single HCC (any size, regardless of macrovascular
invasion) and those with multiple nodules within 3 in
number (any size) [366, 412, 413]. The Hong Kong treat-
ment algorithm recommends LR for those with early tumor
(<5 cm, <3 tumor nodules, no intrahepatic venous inva-
sion) and intermediate tumor ([1] <5 cm, either >3 tumor
nodules or with intrahepatic venous invasion, or [2] >5 cm,
3 tumor nodules, and no intrahepatic venous invasion)
[414]. The Korean treatment algorithm adopts wider indi-
cation of resection for HCC in which LR is allowed for
those with curatively treatable disease (no limit regarding
tumor burden) [415]. Secondly, in terms of liver functional
reserve: The Japanese treatment algorithm recommends LR
for those with Liver Damage A and B [412]. The Hong
Kong treatment algorithm recommends LR for those with
Child—Pugh class A and B early tumor and those with
Child—Pugh class A intermediate tumor [414].

LT

LT is the only treatment that offers the real chance of a
cure for both HCC and the underlying liver cirrhosis; the
shortage of liver grafts and the possibility of tumor recur-
rence, however, are strong limiting factors. To minimize
HCC recurrence, the Milan criteria are now accepted as the
gold-standard patient selection criteria in terms of tumor
burden: solitary HCC less than 5 cm in diameter or within
3 nodules less than 3 cm in diameter, and without radio-
logical evidence of vascular invasion or distant metastasis
[416]. The most widely accepted criteria for the expansion
of Milan are the University of California, San Francisco
(UCSF) criteria: solitary tumor <65 mm in diameter, or
2-3 tumors, each with diameter <45 mm and total tumor
diameter <80 mm, and without radiological evidence of
vascular invasion or distant metastasis [417]. While it is
widely accepted that the Milan criteria are too strict in
terms of posttransplant recurrence rate and could definitely
be expanded to some extent without impairing patient
outcome, one must always be aware that any kind of
expansion in tumor size or number includes the potential to
worsen the posttransplant survival in patients with HCC
[418]. The “metroticket paradigm” well describes this
principle: the longer the distance beyond the conventional
indication criteria with more aggressive tumor burden, the
higher the price in terms of postoperative impairment in
survival. Excessive expansion of inclusion criteria will
result in a significant increase in organ demand, with a
consequent increase in waiting time and a deterioration of
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OS among patients with HCC as a whole in the corre-
sponding region [419]. Moreover, the allocation system
should take into account how much the extension of criteria
for HCC patients will negatively influence the wait list of
patients without HCC. According to studies based on the
US transplant registry using Markov models, patients
beyond the Milan criteria would need to achieve 5-year
survival of above 60% to prevent a substantial decrease in
the life-years available to the entire population of candi-
dates for LT [420].

The Milan criteria are also standard indication criteria
for LT for HCC patients in Asian countries. However, in
Asia where living-donor liver transplantation (LDLT) is
the mainstay for LT, things are somewhat different from
region to region [421]. Unlike deceased-donor LT, LDLT
is not limited by the restrictions imposed by the nationwide
allocation system, and the indication for LDLT in patients
with HCC often depends on institutional or case-by-case
considerations, balancing the burden on the donor, the
operative risk, and the OS benefit for the recipient. Caution
should be paid to the possible increased recurrence rate in
LDLT when compared with deceased-donor LT [422],
while reports of this issue seem conflicting [423]. In Japan,
each center has developed institutional expansion criteria,
while National Insurance covers only those within the
Milan criteria. In Taiwan and Hong Kong, the UCSF cri-
teria [417] are adopted. In Mainland China, Hangzhou or
Chengdu criteria are used with satisfactory outcome [424].
In Korea, the UCSF or Milan criteria are basically used, but
LDLT can be offered for any HCC without distant
metastasis under National Insurance coverage. In conclu-
sion, the Milan criteria are still the gold-standard criteria of
LT for HCC patients worldwide, and seem best to be
included in the treatment algorithm for HCC to set the
tumor burden limitation.

The indication of LT for HCC in terms of liver func-
tional reserve is based on the model for end-stage liver
disease (MELD) score with additional points in Western
countries [418]. Consequently, LT can be offered for those
with Child-Pugh class A as shown in the BCLC algorithm,
if they satisfy the Milan criteria [425]. In contrast, in Asian
countries, where liver grafts are extremely scarce, LT is
recommended for those with decompensated liver cirrhosis
(Child-Pugh class B and C) in patients with HCC as well
as in those with other diseases.

LR versus LT

LT is definitely superior to LR or other locoregional
treatments from the oncologic viewpoint, since it enables
the widest possible resection margins and completely
removes the diseased liver at risk of developing HCC.
Considering that 5-year survival after LR for HCC among
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those with Child—Pugh class B is around 60% at a maxi-
mum [426, 427], LT should be recommended for such
patients, if the graft is available. On the contrary, there is
ongoing controversy regarding the indication of LR and LT
for HCC among those with Child—Pugh class A liver dys-
function [428-431]. As mentioned above, LT is recom-
mended as a primary treatment for HCC among those with
Child-Pugh class A with evidence of portal hypertension
in Western countries; however, given the shortage of liver
grafts, the selection of patients who can achieve a com-
parable outcome by LR is a matter of debate
[429, 432, 433]. Chapman et al. [434] reported signifi-
cantly worse patient survival and RFS of LR compared
with LT among noncirrhotic patients with HCC within the
Milan criteria. Similarly, Adam et al. [435] reported worse
outcomes of LR against LT among those with solitary HCC
with diameter less than 5 cm. The significantly impaired
RFS of LR was observed even for those with solitary HCC
less than 3 cm in diameter. On the contrary, Vitale et al.
[436] found that LR achieved better patient survival
regardless of tumor stage provided that the patient’s MELD
score was less than 10. According to the meta-analysis
performed by Proneth et al. [437], resectable HCC should
primarily be resected as a good alternative to LT when both
LR and LT seem feasible, although the data collected for
the meta-analysis were of low quality of evidence. Some
European authors reported that salvage LT following LR
may have poorer outcomes than upfront LT [438, 439],
although those are retrospective single-center observational
studies. LR versus LT for those initially admissible for both
treatments should be investigated by well-designed
prospective study. In addition, one should always be aware
that intention-to-treat analysis, not just survival from
operation, should be considered when comparing LT and
LR.

In contrast, in Asian countries where locoregional
treatments are the mainstay strategy for HCC, LT is not
recommended for Child—Pugh class A patients [411], and
LR achieved 5-year survival rate of around 60% among
Child—Pugh class A recipients even with portal hyperten-
sion [440], and when restricted to Child—Pugh class A
patients within the Milan criteria, the 5-year survival rate
reaches above 70% [441, 442]. Given the absolute scarcity
of liver grafts and excellent locoregional treatment strate-
gies in Asian countries, Child—Pugh class A, noncirrhotic
patients with HCC should firstly undergo LR rather than
LT if both are feasible, and the resectability of HCC should
be evaluated in a multidisciplinary fashion for Child—Pugh
class A, cirrhotic patients. Several methods for estimation
of liver functional reserve, such as indocyanine green
retention rate at 15 min (ICG-15), 99mTc-galactosyl
human serum albumin (GSA) scintigraphy, 13C-methace-
tin breath test (LiMAXx), MELD score, serum albumin-
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bilirubin (ALBI) grade, aspartate transaminase-to-platelet
ratio index (APRI), and FibroScan may be helpful for
further stratification among Child-Pugh class A patients to
elucidate better candidates for LR (or LT).

Decisions on resectability of HCC
The perspective of surgeons

While discussing the resectability of HCC, both technical
and oncological aspects should be taken into consideration,
as for the case of colorectal liver metastases. Satisfactory
long-term prognosis is required to justify surgical resec-
tion, even if a tumor is technically and safely resectable.
However, it is quite difficult to define “satisfactory prog-
nosis,” because various points need to be considered,
including social, ethical, economic, and emotional issues.
Thus, in this section, we focus on the technical aspects
related to the resectability of HCC.

In general, the surgical indications for HCC are decided
not only according to the conditions of the tumor, but also
according to the liver function, because HCC is frequently
associated with liver dysfunction or cirrhosis caused by
viral hepatitis, steatohepatitis, alcohol abuse, etc. Extensive
resection of noncancerous liver parenchyma, which is a
risk factor for fatal postoperative liver failure, should be
avoided as much as possible. To prevent postoperative liver
failure, accurate preoperative estimation of both the liver
functional reserve and liver volume to be resected is
essential.

There are several methods available to estimate the liver
functional reserve, such as determination of the Child—
Pugh score, the MELD score, determination of the hepatic
venous pressure gradient, 99mTc-galactosyl serum albu-
min liver scintigraphy, and measurement of the ICG R15.
Although, in Western countries, determination of the
Child-Pugh score is the standard method, it provides too
rough an estimate to allow accurate quantitative evaluation
of the liver functional reserve or accurate prediction of the
surgical risk in patients with liver dysfunction. On the other
hand, in Asian countries, the ICG R15 value is regarded as
an important parameter to estimate the liver function and
tolerable resection volume. Especially in Japan, the so-
called Makuuchi’s criteria [443], which include ICG R15,
have been widely applied to determine the surgical indi-
cations and surgical procedures for HCC. Several authors
have reported achieving zero or very low mortality with
use of these criteria [444, 445]. Despite the ICG test being
associated with some minor, but practical problems, such
as the slight invasiveness associated with the injection of
ICG and the long time needed for the test, we recommend
that the ICG test also be performed in Asia—Pacific

countries other than Japan, because the safety of the sur-
gery is coming to be regarded as the first priority in this
region.

The MELD score, which is calculated from laboratory
values for creatinine, bilirubin, and international normalized
ratio for prothrombin time, is well known as a good pre-
dictor to guide care in patients with end-stage liver disease
awaiting transplantation. However, it is not useful to decide
indication of resection, because it assesses only the degree of
synthetic dysfunction but not the severity of portal hyper-
tension. The hepatic venous pressure gradient is also a well-
known factor adopted in treatment algorithms advocated by
the BCLC group. However, it is not used in clinical practice,
because of the difficulty of direct measurement.

To increase the safety of surgical resection, it is also
important to accurately estimate the liver volume to be
resected and the liver volume to be preserved. Recently, a
three-dimensional (3-D) virtual hepatectomy simulation
software has been developed, which enables estimation of
the anatomic relationships between the tumors and vessels
in the liver. Preoperative volumetric estimation becomes
easier and more accurate with the use of this software
[446]. By applying the results of the preoperative volume
estimation to Makuuchi’s criteria, the surgical indications
in HCC patients with underlying liver cirrhosis can be
determined more precisely, increasing the safety of liver
surgery. Because this evaluation method requires the
aforementioned expensive software and digital data
obtained by MDCT, it may be difficult or impossible to
apply at all institutions. However, manual volumetric
estimation, which was the method employed before the
introduction of the 3-D simulation software, is a useful
substitute and should be considered in difficult situations. If
the liver volume that can be preserved is too small com-
pared with the estimated liver function, portal vein
embolization is a good choice to avoid the risk of liver
failure. This method, which was originally developed for
treatment of hilar bile duct carcinoma [447], can be applied
to obtain sufficient remnant liver volume before major
hepatectomy for HCC. If preoperative evaluations suggest
that the future liver remnant would be insufficient, portal
vein embolization is a useful method to ensure the safety of
major hepatectomy by increasing the volume of the con-
tralateral “remnant” lobe.

The accumulated experience and tremendous efforts of
preceding surgeons have remarkably increased the safety
and expanded the indications of liver surgery in patients
with HCC. If liver function can be preserved, the range of
“technically resectable” HCC will also expand. However,
whether HCC tumors are technically/practically
resectable or not should be decided considering the clinical
practice recommendations at each institution. In addition to
the skill level and experience of the surgeons, a
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multidisciplinary approach is also important to cope with
various kinds of complication. Institution-related condi-
tions are expected to become more and more significant in
the future.

In conclusion, the resectability of HCC has to be
determined with first priority accorded to the safety of
resection. Appropriate and accurate preoperative evalua-
tions by expert surgeons and institutions are indispensable.

The perspective of hepatologists

Hepatic resection is a quite complicated surgical procedure
among various operative methods. When considering
hepatic resection for HCC, surgeons have to evaluate tumor
location and liver functional reserve and decide an appro-
priate extent of resection and specific resection technique
such as limited resection and systematic resec-
tion. Although there are several algorithms to guide secure
hepatic resection, the detailed operative plan can only be
formed by well-experienced hepatobiliary surgeons in
marginally resectable cases. Therefore, the role of hepa-
tologists is limited to monitoring surgeons’ skill based on
outcomes such as in-hospital mortality. It is well known
that in-hospital mortality is strongly affected by the number
of hepatic resections performed annually in a hospital
[448]. In other words, the resectability of HCC in terms of
safety differs markedly among surgeons, hospitals, and
countries. Basically, hepatic resection should be performed
by surgeons specialized in hepatobiliary surgery rather than
general gastroenterological surgeons. If hepatologists judge
their surgeons not to be prepared for difficult hepatic sur-
gery, they have to recommend referral to other hospitals
with well-experienced hepatobiliary surgeons or, in some
“ablatable” cases, to another department with expertise in
local ablative therapy.

Local ablation
Recommendations

1. Percutaneous ablation therapies should be performed
on patients with HCC, generally for Child—Pugh
class A or B patients with three or fewer tumors, each
3 cm or less in diameter (B1).

2. Ethanol injection is a treatment of choice only in cases
in which radiofrequency ablation (RFA) cannot be
performed safely because of either enterobiliary reflux,
adhesion between the tumor and the gastrointestinal
tract, or other reasons (B1).

3. RFA is recommended as an image-guided percuta-
neous ablation technique (Al).

4. RFA is an acceptable alternative to resection for HCC
3 cmor smaller in Child—Pugh class A or B patients (B1).
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5. RFA is a first-line treatment in HCC 2 c¢cm or smaller in
Child—Pugh class A or B cirrhosis (B1).

Image-guided percutaneous ablation therapies include
ethanol injection [449—-451], microwave ablation (MWA)
[452], radiofrequency ablation (RFA) [453-455], and oth-
ers. They are potentially curative, minimally invasive, and
easily repeatable for recurrence. They are mainly per-
formed on patients with small HCC, generally in Child—
Pugh class A or B patients with three or fewer tumors each
3 cm or less in diameter.

Percutaneous ethanol injection was first reported in the
early 1980s [449-451], and was long the standard in abla-
tion. Survival of patients treated with ethanol injection has
been reported to be 38-60% at 5 years [456—459]. Local
tumor progression after percutaneous ethanol injection has
been reported to occur in 6-31% depending on the tumor
size [456,458, 460, 461]. Percutaneous ethanol injection has
been considered a safe procedure, with mortality and mor-
bidity of 0-3.2% and 0-0.4%, respectively [458—-460, 462].
Nowadays, ethanol injection is a treatment of choice only in
cases in which RFA cannot be performed safely because of
either enterobiliary reflux, adhesion between the tumor and
the gastrointestinal tract, or other reasons.

Percutaneous MWA, in which cancer tissue is ablated by
dielectric heat produced by microwave energy emitted
from the inserted bipolar-type electrode, was introduced
into clinical practice in the 1990s [452]. The first-genera-
tion MWA has been replaced by RFA in Japan [463],
because of small volume of ablation. New-generation
MWA systems incorporating antenna cooling and high-
power generation have received considerable attention
[464]. New-generation MWA may create a more pre-
dictable ablation zone, and a larger ablation volume in a
shorter procedure time. However, its cumulative reported
experience is limited. Further studies are needed, especially
from the viewpoint of long-term survival.

In RFA, radiofrequency energy emitted from the
exposed portion of the electrode is converted into heat,
which causes necrosis of the tumor. RFA has recently been
the most widely used ablation technique for HCC. Its
survival has been reported to be 39.9-68.5% at 5 years and
local tumor progression to be 2.4-27.0% [465-470].
Mortality and morbidity of RFA have been reported to be
0.9-7.9% and 0-1.5%, respectively [465-469]. Compared
with RFA alone, combination of RFA with TACE may
increase the volume of necrosis [471, 472], and might
improve overall survival [473, 474]. Likewise, hepatic
arterial balloon occlusion during RFA might extend the
area of ablation and decrease tumor recurrence from the
same subsegment as the ablated tumor [475].

Irreversible electroporation (IRE) is a nonthermal tumor
ablation technique that uses electric pulses to induce cell
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death, while preserving the structural integrity of bile ducts
and vessels. IRE seems to be useful for tumors near a major
Glisson’s sheath [476].

There have been five RCTs comparing RFA with etha-
nol injection. Four of them demonstrated superiority of
RFA over ethanol injection, in terms of treatment response,
recurrence, and OS [455, 477-479], while the other trial
showed that OS was not significantly different between
RFA and ethanol injection [480]. Ethanol injection, how-
ever, does not require special instruments and is cheaper.
Ethanol injection might be a treatment of choice in very
small HCC.

An RCT comparing RFA with first-generation MWA
demonstrated that the number of treatment sessions was
fewer in RFA, although complete therapeutic effect, major
complications, and local tumor progression were not sta-
tistically different between the two therapies [481].

It is not easy to compare outcomes between RFA and
surgical resection; the indications are different between the
two treatments. Furthermore, indications for each treatment
are different from institution to institution. Thus, a case
adjudged to be treatable by RFA or surgical resection at an
institution may not be given the same treatment at another.
There have been four RCTs comparing RFA with surgical
resection. Three of them showed that OS was similar
between RFA and surgical resection. A trial on patients
with a solitary HCC 5 cm or smaller showed that OS and
disease-free survival (DFS) were not statistically different
between RFA and resection, but complications were more
frequent and severe after surgery [482]. Another trial on
patients with nodular diameters of less than 4 cm and up to
2 nodules showed that there were no statistically significant
differences between RFA and surgical resection in terms of
OS and RFS [483]. In another trial on patients with HCC
3 cm or smaller in diameter, there was no significant dif-
ference in DFS or OS between RFA and hepatectomy,
although the incidence of postoperative complications and
hospital stay were significantly greater in hepatectomy
[484]. The remaining study on patients within the Milan
criteria showed that OS and RFS were significantly lower
in RFA than in surgical resection [485].

Concerning OS, some nonrandomized comparative
studies reported that RFA had similar survival to resection
[486—-497], while others found that resection was associ-
ated with higher survival [426, 498-502]. Even in studies
which reported that surgical resection was superior to RFA,
there was no significant difference in OS between RFA and
surgical resection in patients with HCC 2 cm or smaller in
diameter [426] or 3 cm or smaller in diameter [499-501].
In one study, RFA had better long-term survival than sur-
gical resection after propensity score analysis [503]. RFA
was associated with fewer major complications [494, 500]
and shorter hospital stay [494]. RFA may be more cost-

effective than surgical resection [504]. Most studies
reported that RFS was higher in surgical resection than in
RFA, although OS was not significantly different between
RFA and surgical resection in them. This is probably
because surgical resection removes a much larger volume
of liver parenchyma, which may result in removal of some
occult metastases and reduction of new carcinogenesis but
may be prone to liver decompensation. In addition, most
recurrence can be treated curatively by iterative RFA [469]
but not by repeated surgical resection. Although further
RCTs are warranted to compare ablation with surgical
resection [505], data available at present suggest that OS is
not significantly different between RFA and surgical
resection. Various innovations, such as CEUS [506] and
multimodality fusion imaging [507], would improve out-
comes in ablation.

Ablation is less invasive and less expensive. Because
patients with HCC have been markedly aging, minimally
invasive therapies such as ablation would play a more
important role. Because many Asian countries are still
developing, from the viewpoint of medical economics,
highly cost-effective therapies such as ablation should have
priority. Ablation techniques, especially RFA, may be an
alternative to surgery in selected cases.

Transarterial chemoembolization (TACE)
Recommendations

1. Transarterial chemoembolization (TACE) is recom-
mended as a first-line treatment of HCC for patients
with unresectable, large/multifocal HCCs who do not
have vascular invasion or extrahepatic spread (Al).

2. Selective TACE can be performed in patients with
small tumors in whom ablation is difficult to perform
because of tumor location or medical comorbidities
(B1).

3. Selective or superselective TACE should be attempted
in order to preserve nontumorous liver parenchyma,
maximize treatment effect, and minimize complica-
tions (Al).

4. TACE using drug-eluting beads has similar therapeutic
efficacy with less systemic adverse events compared
with conventional TACE (B2).

5. Other treatment strategies might be considered for
patients with HCC who are not suitable for or do not
response to repeated TACE (B2).

6. Transarterial radioembolization (TARE) with yttrium-
90-loaded resin/glass beads may be used as an
alternative  locoregional  treatment  for
sectable HCC (B2).

unre-
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Although the normal liver receives a dual blood supply
from the hepatic artery and the portal vein, HCC is sup-
plied almost exclusively by the hepatic artery [508]. TACE
exploits the preferential hepatic arterial supply of HCC for
targeted delivery of chemotherapeutic agents, usually
mixed with lipiodol, followed by embolization or reduction
in arterial flow using various types of particles (e.g., gel-
foam particles), while sparing the surrounding liver par-
enchyma [509]. TACE is currently considered as the
mainstay of therapy for unresectable, large/multifocal
HCCs without vascular invasion or extrahepatic spread
[510]. TACE provided a significant survival benefit in
selected HCC patients with preserved liver function and
adequate performance status [511-514]. Therefore, the
guidelines published by the EASL and AASLD recom-
mend TACE as a first-line, noncurative therapy for non-
surgical patients with large/multifocal HCC who do not
have vascular invasion or extrahepatic spread [2, 63]. In
addition, according to the guidelines published by the JSH
[515], hepatectomy or TACE is recommended if there are 2
or 3 tumors of less than 3 cm, and TACE or hepatic arterial
infusion chemotherapy is recommended if there are 4 or
more tumors. In addition, TACE can be performed in
patients at early stage in whom RFA is difficult to perform
because of tumor location or medical comorbidities [516].
TACE is also the first-line therapy for downstaging tumors
that exceed the criteria for LT.

As TACE usually does not induce significant liver
dysfunction even in cirrhotic patients and treatment-related
mortality is less than 5% [516, 517], the benefits of TACE
procedure should not be offset by treatment-induced liver
failure. TACE is associated with transient postembolization
syndrome, but incidence of severe events has been reported
to be less than 5%, including hepatic insufficiency, liver
abscess, acute cholecystitis or gastrointestinal bleeding
[517, 518]. Important predisposing factors are major portal
vein obstruction, compromised hepatic functional reserve,
biliary obstruction, previous biliary surgery, excessive
amount of iodized oil, and nonselective embolization
[519]. Therefore, selective or superselective TACE should
be attempted to maximize tumor necrosis and to minimize
procedure-related complications by preserving nontumor-
ous liver parenchyma [520, 521].

However, there is no standardized protocol for TACE
in terms of treatment schedule or type and dosage of
anticancer agent. In addition, predictions of its therapeutic
efficacy are limited by the use of nonstandardized
embolic material. TACE performed with drug-eluting
beads (DEB-TACE) loaded with doxorubicin has been
shown to modify the pharmacokinetics of the injected
chemotherapy, allowing longer intratumoral exposure and
less systemic exposure of the drug, reducing toxicity
[522, 523]. In prospective clinical trials, liver toxicity and
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systemic adverse effects occur less frequently after DEB-
TACE than conventional TACE. Although there is no
significant benefit of DEB-TACE over conventional
TACE with respect to objective response, selected patient
groups such as those with Child-Pugh class B, ECOG
performance status 1, bilobar disease, and recurrent dis-
ease showed a significant increase in objective response in
DEB-TACE group [524]. Furthermore, DEB-TACE was
associated with improved tolerability, with a significant
reduction in serious liver toxicity and side-effects [524].
Despite these promising results, use of DEB-TACE in
Asia has been relatively low compared with Western
countries [2, 415, 525]. So far, in Asia, there has been no
robust evidence favoring use of DEB-TACE in terms of
efficacy and cost-effectiveness. Therefore, further research
is required to address this issue.

Although TACE is considered the standard of care for
nonsurgical HCCs that are also ineligible for percutaneous
ablation, those with so-called bulky tumor burden (tumor
size >5 cm) and Child—Pugh class B showed the worst
survival outcomes (median OS of about 9 months) [526].
Furthermore, several scoring systems [i.e., SNACOR
[527], hepatoma-embolisation prognostic (HAP) score
[528], modified HAP score [529], Selection for TrAnsar-
terial chemoembolisation TrEatment (STATE) score [530],
and the Chiba HCC in intermediate-stage prognostic
(CHIP) score [531]] have been developed, identifying a
subgroup with unfavorable outcomes. Among them,
STATE score based upon tumor burden (up-to-7 criteria),
albumin level, and C-reactive protein level was suggested
as an objective point score to guide the decision regarding
the first treatment, showing that lower STATE score was
associated with worse outcome [530]. In a similar context,
the Assessment for Retreatment with TACE (ART) score,
an objective point score to guide the decision regarding
retreatment with TACE, was developed based upon an
increase of aspartate aminotransferase by >25%, Child-
Pugh score increase, and absence of radiological response
[532]. Higher ART score was associated with major
adverse events after the second TACE (P = 0.011) [532].
Based upon these findings, sequential use of the STATE
and ART scores was suggested to identify the most suit-
able and unsuitable patients for multiple TACE sessions
[530]. So, for such a population with relatively unfavorable
outcomes primarily owing to tumor burden and/or liver
function, other treatment options based upon multidisci-
plinary approaches, including a switch of treatment
modality from TACE to sorafenib or hepatic arterial infu-
sion chemotherapy, might also be considered. Vice versa,
even for large/multinodular HCC, active curative treat-
ments including LT (e.g., within up-to-7 criteria), or so-
called downstaging strategies might be tried in selected
cases [533-535].
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According to conventional size-based response evalua-
tion criteria, i.e., World Health Organization (WHO) cri-
teria [536], the reported rate of objective response ranges
between 16 and 60% [513, 517]. The Response Evaluation
Criteria in Solid Tumors (RECIST) [537] generally ignore
tumor necrosis, and thus may underestimate treatment
response [538]. In contrast, two enhancement criteria, the
EASL criteria [539] and the modified RECIST (mRECIST)
[540], have demonstrated superior efficacy for assessing
treatment response and predicting survival outcome com-
pared with the WHO criteria or RECIST [541-543]. The
objective response rate using enhancement criteria ranges
between 58 and 86%, and 20-41% achieve complete
response [538, 541-543]. In addition, the biological
response based upon changes in tumor markers after
treatment might be used as an ancillary method for
assessment of overall response [544, 545].

Another issue related to TACE is the concept of “fail-
ure” or “refractoriness” to TACE. So far, several studies
have tried to address this [366, 525, 546-548]. The JSH has
provided a definition of TACE failure/refractoriness as two
or more consecutive ineffective responses seen within the
treated tumors, two or more consecutive progressions in the
liver (including an increase in the tumor number), contin-
uous elevation of tumor markers right after TACE,
appearance of vascular invasion, and appearance of extra-
hepatic spread [366]. Similarly, according to Raoul et al.
[546], a switch of treatment modality from TACE to others
including sorafenib might be considered for those who
have progression after two sessions of TACE. However,
there is still no consensus regarding the definition of TACE
failure or refractoriness. Moreover, there is no proven
therapy for the purpose of rescue, although sorafenib res-
cue might improve survival in patients who experience
TACE failure, compared with those who continue TACE
[549, 550]. Other treatment modalities including internal or
external radiotherapy and new molecular targeted agents
have been studied as potential rescue therapies for patients
with TACE failure.

Many attempts have been made to improve the treat-
ment outcomes of TACE. Combination of sorafenib and
TACE might be an eligible option [551]. However, a RCT
comparing the efficacy in HCC treated with sorafenib or
placebo plus DEB-TACE showed that combination therapy
did not improve outcome [552].

Transarterial radioembolization (TARE) involves
injection of implantable radioactive microspheres into
tumor-feeding arteries in order to expose the tumor to
highly concentrated radiation while protecting the normal
parenchyma. TARE using yttrium-90 is an evolving and
promising regional therapy, which can complement or
replace TACE [2, 415, 553]. In a European phase II study
of patients with intermediate or advanced HCC, TARE

resulted in 40.4% objective tumor response rate with
median survival of 15 months [554]. In another large ret-
rospective cohort study conducted in the USA, the median
survival of TARE-treated patients with portal vein invasion
was significantly shorter than those without invasion (10
versus 15.3 months) [555, 556]. In a recent prospective
multicenter Korean study, the 3-month tumor response rate
was 57.5% and the 3-year OS rate was 75% [557].
Although there is not enough evidence confirming clinical
benefit of TARE compared with conventional TACE,
TARE might be recommended to patients who are not good
candidates for TACE due to bulky tumor and/or portal vein
invasion, based on published data.

Radiation therapy
Recommendations

1. Although stereotactic body radiotherapy (SBRT) and
proton beam (also carbon ion beam) are reasonable
options for patients who have failed other local ther-
apies, radiotherapy (RT) has not been shown to
improve outcomes for patients with HCC. However,
RT may be considered for symptomatic bony metas-
tases (C2).

Although HCC is considered to be a radiosensitive
tumor, it also is located in a radiosensitive organ. Due to
the development of three-dimensional conformal radiation
therapy (3D-CRT), radiotherapy (RT) can be performed
more safely for patients with HCC without severe toxicity.
Technological developments for targeting HCC precisely
with RT [intensity-modulated RT (IMRT) and image-gui-
ded approaches, including stereotactic body radiotherapy
(SBRT)] can improve the benefit and reduce the risk.
However, they do not alter the high recurrence rates in
other nontreated areas of the liver. There are no large-scale
RCTs demonstrating an effect of any form of RT on sur-
vival and no consensus regarding the optimal use of this
therapy. Thus, RT is not recommended in the AASLD and
EASL guidelines for treating HCC [2, 63]. Even though
strong evidence is lacking, RT may be one of the promising
treatment options for HCC.

Indications

The lack of strong evidence to support RT for patients with
HCC is reflected in the various recommendations of expert
groups in different countries. The AASLD and EASL
guidelines do not address use of external-beam RT for
treatment of HCC [2, 63]. Consensus-based guidelines
from the National Comprehensive Cancer Network
(NCCN) list external-beam RT (conformal or stereotactic)
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as an alternative option to ablation or arterially directed
therapies for patients with unresectable HCC who have
contraindications for liver transplantation. An expert con-
sensus group of the Americas Hepato-Pancreato-Biliary
Association (AHPBA) concluded that RT can provide local
control for some unresectable HCC lesions, that better RT
planning and delivery (for example, hypofractionation,
stereotactic treatment, proton beam, and carbon ion beam
therapy) have the advantage of increasing the radiation
dose to unresectable HCC without causing severe toxicity,
and that strategies combining RT with other therapies merit
continued evaluation [558]. SBRT and proton beam (also
carbon ion beam) are reasonable options for patients who
have not responded to other local modalities and have no
extrahepatic disease, limited tumor burden, and relatively
good liver function. Where available, proton beam and
carbon ion beam irradiation is a reasonable approach for
patients with large HCC with or without tumor thrombus of
vessels.

Contraindications

The radiation dose must be relatively low to minimize the
radiation effect on normal liver included in the treatment
field. Use of RT should be limited to patients with suffi-
cient liver function (Child—Pugh score 7 or less) and liver
volume outside the radiation field. Patients with Child-
Pugh score of 8 or more have elevated risk of radiation-
induced hepatic toxicity or liver failure [559]. A relative
contraindication to RT is previous hepatic radiation to the
same segment of the liver. While retreatment may be
possible in select cases, these patients should be evaluated
in a tertiary care center by experts on hepatic RT
[560, 561].

Efficacy
3D-CRT

With the development of 3D-CRT techniques, RT can be
performed more safely to the HCC with less liver toxicity.
Most available data are from retrospective or single-center
studies [562, 563]. A phase II trial in France reported
sustained local tumor control in 78% of patients with early-
stage HCC (one nodule and <5 cm, or two nodules and
<3 cm) who were treated with 3D-CRT [564]. One of the
problems with RT is the high intrahepatic recurrence rate
outside of the high-dose irradiation area, which may be
caused in part by difficulties with accurately targeting HCC
during conventional RT treatment planning [565].
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SBRT

SBRT (sometimes called stereotactic radiosurgery) is a
technique in which a limited number of high-dose RT with
hypofractionation (typically 3—6) are delivered to a small,
definite target using multiple, nonparallel radiation beams.
The beams converge on the target lesion, minimizing
radiation exposure to other normal tissue or organs. This
targeting makes it possible to treat a lesion in either a
single or limited number of dose fractions. Experience with
SBRT for HCC is increasing [566-569]. In the largest
series, 93 patients (Child—Pugh A: 69 patients; Child—Pugh
B: 24 patients) with small HCCs (median 2 cm; range
1-6 cm) who were not eligible for surgical resection or
RFA were treated with SBRT [566]. The in-field complete
response rate was 16%, but the in-field progression-free
survival at 3 years was 92%.

Charged-particle radiation therapy

There is a growing body of evidence, primarily from Japan,
supporting use of proton beam and carbon ion beam irra-
diation, particularly for patients with large tumors or portal
vein thrombus [570-573]. In one study, 162 patients with
192 HCCs were treated with proton beam irradiation [570].
Most tumors had diameter of 3—-5 cm. The majority of the
patients had past history of receiving other nonsurgical
treatments. The 5-year local control and 5-year survival
rates were 87 and 24%, respectively.

Complications

Minimizing radiation-induced complications depends on
careful patient selection and radiation treatment planning.
The most common acute side-effects include transient
fatigue, nausea, vomiting, and right upper quadrant pain.
Possible long-term side-effects include worsening hepatic
function with ascites, edema, hepatomegaly, thrombocy-
topenia, and elevated liver function tests. Rarely, cases of
radiation-induced biliary stenosis, portal vein thrombosis,
or death from radiation-induced liver failure have been
reported [574].

Response assessment

Dynamic CT or dynamic MRI is usually performed at
4 weeks, 2-3 months later, and then at 3-month intervals
for at least 1 year. If there has been no recurrence of dis-
ease after a year, imaging will be performed every
4-6 months.
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Systemic therapy
Recommendations

1. Sorafenib is recommended for the first-line treatment
of advanced-stage patients (macrovascular invasion or
extrahepatic metastasis) who are not suitable for
locoregional therapy and who have Child—Pugh
class A liver function (Al).

2. Sorafenib may be used with caution in patients with
Child-Pugh class B liver function (B2).

Sorafenib

Sorafenib, a multikinase inhibitor of Raf, wvascular
endothelial growth factor receptor (VEGFR), platelet-
derived growth factor receptor (PDGFR), c-kit, Flt-3, and
RET [575], has been approved for the treatment of
advanced HCC in patients with Child—Pugh class A liver
function worldwide. The approval is generally based on the
results of two phase III, double-blind, placebo-controlled
trials [576, 577]. The first trial (SHARP trial) was con-
ducted primarily in Europe and the USA (HCV: 28.1%,
alcoholic liver disease: 26.4%) with the primary end point
of OS. The second trial was conducted primarily in the
Asia—Pacific population (HBV: 73%) with an almost
identical design to the SHARP trial. Sorafenib resulted in a
similar survival benefit in these two different patient pop-
ulations. The hazard ratios of OS and time to radiological
progression were 0.69 and 0.58 in the SHARP trial and
0.68 and 0.57 in the Asia—Pacific trial. Exploratory sub-
group analyses of the two trials indicated that sorafenib
treatment prolonged survival regardless of patient age,
performance status, and tumor burden (vascular invasion or
extrahepatic spread). However, sorafenib rarely induced
radiological responses (SHARP trial: 2%, Asia—Pacific
trial: 3.3%). Sorafenib at dosage of 400 mg twice daily is
generally well tolerated. The most common drug-related
adverse events included diarrhea, fatigue, hand—foot skin
reaction, and rash/desquamation, most of which were
grade 1 or 2. The most common causes of treatment
interruption or dose reduction were hand—foot skin reac-
tion, rash, and diarrhea.

The efficacy of sorafenib in patients with Child—Pugh
class B liver function has never been prospectively studied
by RCTs. Several noninterventional studies investigated
the efficacy and safety of sorafenib in HCC patients with
Child—Pugh class A versus class B liver function. HCC
patients with Child-Pugh class B liver function, compared
with those with Child—Pugh class A liver function, had
shorter duration of sorafenib use (Child—Pugh class B:
8.4 weeks; Child—Pugh class A: 13.6 weeks) [578] and

shorter median OS (Child—Pugh class B: 3.8-4.5 months;
Child-Pugh class A: 10-13 months) [579-581] but similar
rates of adverse events. Patients with Child—Pugh score 7,
compared with patients with Child—Pugh score 8 or 9, had
higher median OS time, but the difference did not reach
statistical significance [580-583]. Taken together, patients
with Child—Pugh class B liver function did not suffer
excessive risk with sorafenib use, but they were more likely
to develop hepatic decompensation [584], which limited
continuation of sorafenib and thus survival. Therefore,
sorafenib may be used with caution in patients with Child—
Pugh score 7 and is generally not suggested for patients
with Child—Pugh score >7 or decompensated cirrhosis.

Regorafenib

Regorafenib, a novel multikinase inhibitor, has more potent
inhibitory activities against multiple angiogenic pathways
(VEGFR, PDGFR, TIE2, and FGFR) and oncogenic
pathways (RET, KIT, c-RAF/RAF-1, and BRAF) than
sorafenib [585]. Regorafenib, administered at 160 mg once
daily for 3 weeks in each 4-week cycle, has been investi-
gated for its efficacy and safety as a second-line treatment
in a phase III double-blind RCT (RESORCE trial) [586].
Regorafenib, compared with placebo, significantly reduced
the risks of death (HR 0.62; 95% CI 0.50-0.78; p < 0.001)
and progression or death (HR 0.46; 95% CI 0.37-0.56;
p < 0.001) in 573 HCC patients (regorafenib: 379 patients;
placebo: 194 patients) with Child—Pugh class A liver
function who had progression on sorafenib. The median OS
and progression-free survival (regorafenib versus placebo)
were 10.6 versus 7.8 months and 3.1 versus 1.5 months,
respectively. The overall response rate (regorafenib versus
placebo) was 10.6 versus 4.1%, respectively (p = 0.005).
Rates of grade >3 adverse events were 79.7% with rego-
rafenib and 58.5% with placebo. The most common grade
>3 adverse events included hypertension, hand—foot skin
reaction, fatigue, and diarrhea.

Treatment algorithm

The latest treatment algorithm is evidence based and
attempts to be comprehensible and suitable for universal
use in the Asia—Pacific region, which has a diversity of
medical environments (Fig. 2). The order of columns cor-
responds to the decision-making process of treatment in
field practice. Standard treatments with high evidence
levels and treatments being widely performed in field
practice in the Asia—Pacific region are demonstrated. The
results of ongoing trials, which will be announced in the
near future, or further planning of prospective studies will
present possibilities for changing standard treatments. It is
greatly hoped that promising results will be delivered from
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Fig. 2 Treatment algorithm for hepatocellular carcinoma (APASL
2016). *Decisions regarding resectability should be discussed in a
multidisciplinary team. TRFA is recommended as the first choice for
the local ablation. {Currently, sorafenib and regorafenib are drugs
that have shown clinical benefits in phase III studies. See text for use
of systemic therapy. §Liver transplantation is recommended when
indicated. IlLocal ablation is an alternative treatment in

the Asia—Pacific region. Although there are various treat-
ments being performed in limited institutions or countries,
those treatments which do not have sufficient supporting
evidence are not indicated in terms of universal use in this
region.

RFA for resectable patients (<3 cm, <3 nodules) and
TACE for patients with macrovascular invasion (no
extrahepatic metastasis) are often performed in field prac-
tice in the Asia—Pacific region. The JSH consensus-based
guidelines and the Hong Kong Liver Cancer staging system
are similar protocols recommended based on these points
[414, 548]. Despite insufficient evidence for standard
treatments at the moment, RFA for resectable patients
(<3 cm, <3 nodules) and TACE for patients with
macrovascular invasion (no extrahepatic metastasis) are
categorized as treatments being widely performed in field
practice in the Asia—Pacific region.

Recently, the concept of conversion from TACE to
sorafenib before the appearance of macrovascular invasion
or extrahepatic metastasis has been advocated by clinicians
from both Europe and Japan [366, 546, 548]. This point of
controversy in clinical practice has been discussed since
the approval of sorafenib for treatment of HCC. Although
only a few retrospective studies have reported the
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resectable patients (<3 cm and <3 nodules). Choice of treatments
should be discussed in a multidisciplinary team. YTACE is an
alternative treatment in patients with macrovascular invasion (no
extrahepatic metastasis). Choice of treatments should be discussed in
a multidisciplinary team. **Treatment conversion from TACE to
systemic therapy is recommended for patients in whom TACE is
expected to be ineffective

effectiveness of this concept [549, 550, 587], conversion
from TACE to systemic therapy appears to be a reasonable
treatment strategy. In fact, in field practice, sorafenib has
been administered to a considerable number of patients
without either macrovascular invasion or extrahepatic
metastasis [588]. Thus, this treatment algorithm recom-
mends treatment conversion from TACE to systemic
therapy for patients in whom TACE is ineffective.

The other unique point of this algorithm is the indication
for hepatic resection. It does not include strictly defined
conditions for hepatic resection. According to the Japanese
guidelines, resection is recommended in several treatment
arms, thereby making these recommendations complicated
and confusing [366, 547]. On the other hand, indications
for resection are limited, such as a single lesion and normal
hepatic portal vein pressure, according to the BCLC stag-
ing system [409]. These selection criteria appear to be too
strict and unsuitable for use in the Asia—Pacific region. It
may be difficult to define criterion for resectability that are
generally applicable in countries with varying medical
environments. In this treatment algorithm, indications for
resection are not strictly defined in order to allow surgeons
and hepatologists to collaborate in deciding on therapeutic
strategies. Thus, this algorithm recommends that decisions
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Table 5 Ongoing clinical trials of immune checkpoint inhibitors for advanced hepatocellular carcinoma

Drug

Phase Design Study number

First-line
Nivolumab versus sorafenib

Nivolumab plus ipilimumab (anti-CTLA-4) versus nivolumab versus
sorafenib

Second-line
Nivolumab
Pembrolizumab (anti-PD-1)

Pembrolizumab versus placebo

Nivolumab plus galunisertib (GSK-f inhibitor)

Durvalumab (anti-PD-L1) plus tremelimumab versus durvalumab versus

tremelimumab
Durvalumab plus ramucirumab (anti-VEGFR)
PDROO1 (anti-PD-1) plus capmatinib (cMet inhibitor) versus PDR001

111 Randomized, open label NCT02576509
II Randomized, open label NCT01658878
Ib Open label NCTO01658878
I Open label NCT02702414
111 Randomized, double blind, placebo NCT02702401
controlled
I Open label NCT02423343
11 Randomized, open label NCT02519348
I Open label NCTO02572687
Ib/IT Open label NCT02795429

regarding resectability are discussed by a multidisciplinary
team, including surgeons and hepatologists. It is also
important for surgeons and hepatologists to provide feed-
back on treatment outcomes to one another.

Clinical trials for new compounds on the horizon
Molecular targeted agents

In addition to sorafenib and regorafenib, a variety of
molecular targeted agents have been thoroughly investi-
gated, including sunitinib [589], brivanib [590, 591], lini-
fanib [592], ramucirumab (angiogenesis inhibitors) [593],
erlotinib (EGFR inhibitor) [594], and everolimus (mTOR
inhibitor) [595]. However, none have shown survival
benefits in either first-line or second-line setting in pha-
se III RCTs. The results of large randomized phase III
trials for lenvatinib (first-line) and cabozantinib (second-
line) will soon be available. All of these trials were con-
ducted in biomarker-unselected HCC patients. Recently,
tivantinib was found effective in MET-high subgroup of
patients [596], and MET-high-enriched randomized pha-
se III studies were initiated. The latest early-phase trials for
selective c-Met inhibitors, tepotinib [597], capmatinib
[598], as well as selective FGFR4 inhibitor FGF401 are
being conducted in biomarker-enriched HCC patients.

Immunotherapy

Immuno-oncology is an emerging area of drug develop-
ment. Major breakthroughs have been achieved in agents
targeting immune checkpoint proteins, such as cytotoxic T
lymphocyte antigen-4 (CTLA-4) and programmed cell
death-1 (PD-1), in patients with various types of cancer

[599-603]. These immune checkpoint inhibitors restore
and sustain activation of either primed or effector T cells to
exert T cell-mediated cancer cell killing. Tremelimumab,
an anti-CTLA-4 antibody, resulted in an objective response
rate of 17.6%, a disease control rate of 76.4%, and time to
progression of 6.48 months in 21 HCV-related HCC
patients who had failed at least one line of systemic therapy
[604]. Nivolumab, an anti-PD-1 antibody, is currently
being investigated as a second-line therapy in a phase I/II
trial. The preliminary data from its dose expansion cohort
showed an objective response of 20% and a 9-month OS
rate of 74% in 214 HCC patients [605]. The objective
responses were observed in all etiology groups. Adverse
events were generally tolerable and manageable in these
two trials. Moreover, a significant proportion of patients
with chronic HBV or HCV infection had reduction of viral
load with study treatment. These promising results indicate
an important step toward a new paradigm of systemic
therapy for advanced HCC. More clinical trials using
immune checkpoint inhibitors alone or in combination with
immunotherapy or molecular targeted therapy are ongoing
(Table 5).

Acknowledgements We appreciate Kiyoshi Hasegawa (The
University of Tokyo), Nobuhisa Akamatsu (The University of
Tokyo), Amna Subhan (Aga Khan University and Hospital), Tomoko
Saito (Chiba University), Masanori Inoue (Chiba University), Toru
Wakamatsu (Chiba University), Masayuki Yokoyama (Chiba
University), and Tomoyuki Ishigami (Chiba University) for assistance
that greatly improved the guidelines.

Compliance with ethical standards
Conflict of interest Masao Omata received fees for being a speaker,
consultant, and advisory board member from Bayer, Boehringer

Ingelheim, Bristol-Myers Squibb, Otsuka, Astellas, Gilead Sciences,
Chugai, Mitsubishi Tanabe, Kyorin, Merck Sharp and Dohme,

@ Springer



352

Hepatol Int (2017) 11:317-370

Dainippon Sumitomo, Vertex Pharmaceuticals, Takeda, Merck Ser-
ono, and Zeria. Ann-Lii Cheng received consultant fees from
Novartis, Merck Serono, Eisai, Merck Sharp and Dohme, ONXEO,
Bayer, Bristol-Myers Squibb, and Ono Pharmaceutical. Norihiro
Kokudo received research grants from Dainippon Sumitomo, Astel-
las, and Taiho. Masatoshi Kudo received lecture fees from Bayer,
Eisai, Merck Sharp and Dohme, and Ajinomoto, research grants from
Chugai, Otsuka, Takeda, Dainippon Sumitomo, Daiichi Sankyo,
Merck Sharp and Dohme, Eisai, Bayer, and AbbVie, and consulting
or advisory fees from Kowa, Merck Sharp and Dohme, Bristol-Myers
Squibb, Bayer, Chugai, and Taiho. Jidong Jia received consultation
and speaker fees from Bristol-Myers Squibb, Gilead, Merck Sharp
and Dohme, Novartis, and Roche. Sadahisa Ogasawara received a
consulting or advisory fee from Bayer and Eisai and honoraria from
Bayer and Eisai. Jeong Min Lee, Ryosuke Tateishi, Kwang-Hyub
Han, Yoghesh K. Chawla, Shuichiro Shiina, Wasim Jafri, Diana
Alcantara Payawal, Takamasa Ohki, Pei-Jer Chen, Cosmas Rinaldi A.
Lesmana, Laurentius A. Lesmana, Rino A. Gani, Shuntaro Obi, A.
Kadir Dokmeci, and Shiv Kumar Sarin declare that they have no
conflict of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. World Health Organaization. Cancer. http://www.who.int/med
iacentre/factsheets/fs297/en/. Accessed 16 April 2017

2. European Association For The Study of the Liver; European
Organisation For Research And Treatment Of Cancer. EASL-
EORTC clinical practice guidelines: management of hepato-
cellular carcinoma. J Hepatol 2012;56:908-943

3. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans
V, et al. Global and regional mortality from 235 causes of death
for 20 age groups in 1990 and 2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet
2012;380:2095-2128

4. Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida
H, et al. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma.
Hepatol Int 2010;4:439-474

5. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y,
Alonso-Coello P, et al. GRADE: an emerging consensus on
rating quality of evidence and strength of recommendations.
BMIJ 2008;336:924-926

6. Schiinemann HJ, Oxman AD, Brozek J, Glasziou P, Jaeschke R,
Vist GE, et al. Grading quality of evidence and strength of
recommendations for diagnostic tests and strategies. BMJ
2008;336:1106-1110

7. International Agency for Research on Cancer. GLOBOCAN
2012: Estimated cancer incidence, mortaloty and prevalence
worldwide in  2012. http://globocan.iarc.fr/Default.aspx/.
Accessed 16 April 2017

8. Yang JD, Roberts LR. Hepatocellular carcinoma: a global view.
Nat Rev Gastroenterol Hepatol 2010;7:448-458

9. Lai CL, Ratziu V, Yuen MF, Poynard T. Viral hepatitis B.
Lancet 2003;362:2089-2094

10. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012;142:1264-1273

@ Springer

11.

12.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Shi J, Zhu L, Liu S, Xie WF. A meta-analysis of case-control
studies on the combined effect of hepatitis B and C virus
infections in causing hepatocellular carcinoma in China. Br J
Cancer 2005;92:607-612

McGlynn KA, London WT. The global epidemiology of hepa-
tocellular carcinoma: present and future. Clin Liver Dis
2011;15:223-243

Doe JE, Paddle GM. The evaluation of carcinogenic risk to
humans: occupational exposures in the spraying and application
of insecticides. Regul Toxicol Pharmacol 1994;19:297-308
Chen CJ, Iloeje UH, Yang HI. Long-term outcomes in hepatitis
B: the REVEAL-HBYV study. Clin Liver Dis 2007;11:797-816
World Health Organaization. Hepatitis B. http://www.who.int/
mediacentre/factsheets/fs204/en/. Accessed 16 April 2017
Tseng TC, Liu CJ, Chen CL, Wang CC, Su TH, Kuo SF, et al.
Serum hepatitis B virus-DNA levels correlate with long-term
adverse outcomes in spontaneous hepatitis B e antigen sero-
converters. J Infect Dis 2012;205:54—63

Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al.
High levels of hepatitis B surface antigen increase risk of hep-
atocellular carcinoma in patients with low HBV load. Gas-
troenterology 2012;142:1140-1149

. Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al.

Serum hepatitis B surface antigen levels help predict disease
progression in patients with low hepatitis B virus loads. Hepa-
tology 2013;57:441-450

. Liaw YF. HBeAg seroconversion as an important end point in

the treatment of chronic hepatitis B. Hepatol Int 2009;3:425-433
Liu CJ, Kao JH. Global perspective on the natural history of
chronic hepatitis B: role of hepatitis B virus genotypes A to.
J Semin Liver Dis 2013;33:97-102

Kao JH, Chen PJ, Lai MY, Chen DS. Hepatitis B genotypes
correlate with clinical outcomes in patients with chronic hep-
atitis B. Gastroenterology 2000;118:554-559

Yang HI, Yeh SH, Chen PJ, Iloeje UH, Jen CL, Su J, et al.
Associations between hepatitis B virus genotype and mutants
and the risk of hepatocellular carcinoma. J Natl Cancer Inst
2008;100:1134-1143

Kao JH, Chen PJ, Chen DS. Recent advances in the research of
hepatitis B virus-related hepatocellular carcinoma: epidemio-
logic and molecular biological aspects. Adv Cancer Res
2010;108:21-72

Chen CH, Chen YY, Chen GH, Yang SS, Tang HS, Lin HH,
et al. Hepatitis B virus transmission and hepatocarcinogenesis: a
9 year retrospective cohort of 13676 relatives with hepatocel-
lular carcinoma. J Hepatol 2004;40:653-659

Chang MH, You SL, Chen CJ, Liu CJ, Lee CM, Lin SM, et al.
Decreased incidence of hepatocellular carcinoma in hepatitis B
vaccinees: a 20-year follow-up study. J Natl Cancer Inst
2009;101:1348-1355

Yang HI, Yuen MF, Chan HL, Han KH, Chen PJ, Kim DY, et al.
Risk estimation for hepatocellular carcinoma in chronic hepatitis
B (REACHB): development and validation of a predictive score.
Lancet Oncol 2011;12:568-574

Jung KS, Kim SU, Ahn SH, Park YN, Kim Do Y, Park JY, et al.
Risk assessment of hepatitis B virus-related hepatocellular car-
cinoma development using liver stiffness measurement (Fi-
broScan). Hepatology 2011;53:885-894

Kim DY, Song KJ, Kim SU, Yoo EJ, Park JY, Ahn SH, et al.
Transient elastography-based risk estimation of hepatitis B
virus-related occurrence of hepatocellular carcinoma: develop-
ment and validation of a predictive model. Oncol Targets Ther
2013;6:1463-1469

Kim WR, Loomba R, Berg T, Aguilar Schall RE, Yee LJ, Dinh
PV, et al. Impact of long-term tenofovir disoproxil fumarate on


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.who.int/mediacentre/factsheets/fs297/en/
http://globocan.iarc.fr/Default.aspx/
http://www.who.int/mediacentre/factsheets/fs204/en/
http://www.who.int/mediacentre/factsheets/fs204/en/

Hepatol Int (2017) 11:317-370

353

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

incidence of hepatocellular carcinoma in patients with chronic
hepatitis B. Cancer 2015;121:3631-3638

Wong GL, Chan HL, Mak CW, Lee SK, Ip ZM, Lam AT, et al.
Entecavir treatment reduces hepatic events and deaths in chronic
hepatitis B patients with liver cirrhosis. Hepatology
2013;58:1537-1547

Fasani P, Sangiovanni A, De Fazio C, Borzio M, Bruno S,
Ronchi G, et al. High prevalence of multinodular hepatocellular
carcinoma in patients with cirrhosis attributable to multiple risk
factors. Hepatology 1999;29:1704-1707

Donato F, Tagger A, Gelatti U, Parrinello G, Boffetta P,
Albertini A, et al. Alcohol and hepatocellular carcinoma: the
effect of lifetime intake and hepatitis virus infections in men and
women. Am J Epidemiol 2002;155:323-331

Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G,
Almasio P, et al. Morbidity and mortality in compensated cir-
rhosis type C: a retrospective follow-up study of 384 patients.
Gastroenterology 1997;112:463-472

Lok AS, Everhart JE, Wright EC, Di Bisceglie AM, Kim HY,
Sterling RK, et al. Maintenance peginterferon therapy and other
factors associated with hepatocellular carcinoma in patients with
advanced hepatitis C. Gastroenterology 2011;140:840-849
Donato F, Boffetta P, Puoti M. A meta-analysis of epidemio-
logical studies on the combined effect of hepatitis B and C virus
infections in causing hepatocellular carcinoma. Int J Cancer
1998;75:347-354

Cho LY, Yang JJ, Ko KP, Park B, Shin A, Lim MK, et al.
Coinfection of hepatitis B and C viruses and risk of hepatocel-
lular carcinoma: systematic review and meta-analysis. Int J
Cancer 2011;128:176-184

Turati F, Galeone C, Rota M, Pelucchi C, Negri E, Bagnardi V,
et al. Alcohol and liver cancer: a systematic review and meta-
analysis of prospective studies. Ann Oncol 2014;25:1526-1535
Bagnardi V, Blangiardo M, La Vecchia C, Corrao G. A meta-
analysis of alcohol drinking and cancer risk. Br J Cancer
2001;85:1700-1705

Corrao G, Bagnardi V, Zambon A, La Vecchia C. A meta-
analysis of alcohol consumption and the risk of 15 diseases. Prev
Med 2004;38:613-619

Marrero JA, Fontana RJ, Fu S, Conjeevaram HS, Su GL, Lok
AS. Alcohol, tobacco and obesity are synergistic risk factors for
hepatocellular carcinoma. J Hepatol 2005;42:218-224

Shimazu T, Sasazuki S, Wakai K, Tamakoshi A, Tsuji I,
Sugawara Y, et al. Alcohol drinking and primary liver cancer: a
pooled analysis of four Japanese cohort studies. Int J Cancer
2012;130:2645-2653

Heckley GA, Jarl J, Asamoah BO. G-Gerdtham U. How the risk
of liver cancer changes after alcohol cessation: a review and
meta-analysis of the current literature. BMC Cancer
2011;11:446

Berman K, Tandra S, Vuppalanchi R, Ghabril M, Sandrasegaran
K, Nguyen J, et al. Hepatic and extrahepatic cancer in cirrhosis:
a longitudinal cohort study. Am J  Gastroenterol
2011;106:899-906

Shimauchi Y, Tanaka M, Koga K, Itano S, Ishii K, Kumashiro
R, et al. Clinical characteristics of patients in their 40 s with
HCV antibody-positive hepatocellular carcinoma. Alcohol Clin
Exp Res 2000;24:645-67S

Zhu GT, Lou GQ, Shi JP. To investigate the relationship of
alcohol intake and hepatocellular carcinoma among patients
with hepatitis B virus infection. Zhonghua Shi Yan He Lin
Chuang Bing Du Xue Za Zhi 2011;25:328-330 (in Chinese)
Shih WL, Chang HC, Liaw YF, Lin SM, Lee SD, Chen PJ, et al.
Influences of tobacco and alcohol use on hepatocellular carci-
noma survival. Int J Cancer 2012;131:2612-2621

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Loomba R, Yang HI, Su J, Brenner D, Iloeje U, Chen CIJ.
Obesity and alcohol synergize to increase the risk of incident
hepatocellular carcinoma in men. Clin Gastroenterol Hepatol
2010;8:891-898

Balbi M, Donadon V, Ghersetti M, Grazioli S, Valentina GD,
Gardenal R, et al. Alcohol and HCV chronic infection are risk
cofactors of type 2 diabetes mellitus for hepatocellular carci-
noma in Italy. Int J Environ Res Public Health
2010;7:1366-1378

Chen J, Han Y, Xu C, Xiao T, Wang B. Effect of type 2 diabetes
mellitus on the risk for hepatocellular carcinoma in chronic liver
diseases: a meta-analysis of cohort studies. Eur J Cancer Prev
2015;24:89-99

El-Serag HB, Richardson PA, Everhart JE. The role of diabetes
in hepatocellular carcinoma: a case-control study among United
States veterans. Am J Gastroenterol 2001;96:2462-2467

Wang C, Wang X, Gong G, Ben Q, Qiu W, Chen Y, et al.
Increased risk of hepatocellular carcinoma in patients with
diabetes mellitus: a systematic review and meta-analysis of
cohort studies. Int J Cancer 2012;130:1639-1648

Saunders D, Seidel D, Allison M, Lyratzopoulos G. Systematic
review: the association between obesity and hepatocellular
carcinoma—epidemiological evidence. Aliment Pharmacol Ther
2010;31:1051-1063

Larsson SC, Wolk A. Overweight, obesity and risk of liver
cancer: a meta- analysis of cohort studies. Br J Cancer
2007;97:1005-1008

Jinjuvadia R, Patel S, Liangpunsakul S. The association between
metabolic syndrome and hepatocellular carcinoma: systemic
review and meta-analysis. J Clin Gastroenterol 2014;48:172-177
Wong RJ, Cheung R, Ahmed A. Nonalcoholic steatohepatitis is
the most rapidly growing indication for liver transplantation in
patients with hepatocellular carcinoma in the U.S. Hepatology
2014;59:2188-195

Ohki T, Tateishi R, Shiina S, Goto E, Sato T, Nakagawa H, et al.
Visceral fat accumulation is an independent risk factor for
hepatocellular carcinoma recurrence after curative treatment in
patients with suspected NASH. Gut 2009;58:839-844

Mittal S, Sada YH, El-Serag HB, Kanwal F, Duan Z, Temple S,
et al. Temporal trends of non-alcoholic fatty liver disease-re-
lated hepatocellular carcinoma in the veteran affairs population.
Clin Gastroenterol Hepatol 2015;13:594-601

Hashimoto E, Yatsuji S, Tobari M, Taniai M, Torii N,
Tokushige K, et al. Hepatocellular carcinoma in patients with
nonalcoholic steatohepatitis. J Gastroenterol 2009;44(Suppl
19):89-95

Yasui K, Hashimoto E, Komorizono Y, Koike K, Arii S, Imai Y,
et al. Characteristics of patients with nonalcoholic steatohep-
atitis who develop hepatocellular carcinoma. Clin Gastroenterol
Hepatol 2011;9:428-433

Ren W, Qi X, Yang Z, Han G, Fan D. Prevalence and risk
factors of hepatocellular carcinoma in Budd-Chiari syndrome: a
systematic  review. Eur J  Gastroenterol ~ Hepatol
2013;25:830-841

Shrestha SM, Okuda K, Uchida T, Maharjan KG, Shrestha S,
Joshi BL, et al. Endemicity and clinical picture of liver disease
due to obstruction of the hepatic portion of the inferior vena
cava in Nepal. J Gastroenterol Hepatol 1996;11:170-179
Simson IW. The causes and consequences of chronic hepatic
venous outflow obstruction. S Afr Med J 1987;72:11-14

Bruix J, Sherman M, American Association for the Study of
Liver Diseases. Management of hepatocellular carcinoma: an
update. Hepatology 2011;53:1020-1022

Ferenci P, Fried M, Labrecque D, Bruix J, Sherman M, Omata
M, et al. World Gastroenterology Organisation guideline.

@ Springer



354

Hepatol Int (2017) 11:317-370

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

Hepatocellular carcinoma (HCC): a global perspective. J Gas-
trointestin Liver Dis 2010;19:311-317

van Meer S, de Man RA, van den Berg AP, Houwen RH, Linn
FH, van Oijen MG, et al. No increased risk of hepatocellular
carcinoma in cirrhosis due to Wilson disease during long-term
follow-up. J Gastroenterol Hepatol 2015;30:535-539

Guo YM, Wei WY, Shen XZ. Tumour necrosis factor 308
polymorphisms and hepatocellular carcinoma risk: a meta-
analysis. Hepatogastroenterology 2010;57:926-931

Qin H, Liu B, Shi T, Liu Y, Sun Y, Ma Y. Tumour necrosis
factor-alpha polymorphisms and hepatocellular carcinoma: a
meta-analysis. J Int Med Res 2010;38:760-768

White DL, Li D, Nurgalieva Z, El-Serag HB. Genetic variants of
glutathione S-transferase as possible risk factors for hepatocel-
lular carcinoma: a HuGE systematic review and meta-analysis.
Am J Epidemiol 2008;167:377-389

Overall evaluations of carcinogenicity: an updating of IARC
Monographs volumes 1 to 42. IARC. Overall evaluations of
carcinogenicity: an updating of IARC monographs volumes 1 to
42. TARC Monogr Eval Carcinog Risks Hum Suppl
1987;7:1-440

Wild CP, Hall AJ. Primary prevention of hepatocellular carci-
noma in developing countries. Mutat Res 2000;462:381-393
Plymoth A, Viviani S, Hainaut P. Control of hepatocellular
carcinoma through hepatitis B vaccination in areas of high
endemicity: perspectives for global liver cancer prevention.
Cancer Lett 2009;286:15-21

Sun CA, Wu DM, Wang LY, Chen CJ, You SL, Santella RM.
Determinants of formation of aflatoxin-albumin adducts: a
seven-township study in Taiwan. Br J Cancer 2002;87:966-970
Bulatao-Jayme J, Almero EM, Castro MC, Jardeleza MT,
Salamat LA. A case—control dietary study of primary liver
cancer risk from aflatoxin exposure. Int J Epidemiol
1982;11:112-119

Qian GS, Ross RK, Yu MC, Yuan JM, Gao YT, Henderson BE,
et al. A follow-up study of urinary markers of aflatoxin exposure
and liver cancer risk in Shanghai, People’s Republic of China.
Cancer Epidemiol Biomarkers Prev 1994;3:3—-10

Ross RK, Yuan JM, Yu MC, Wogan GN, Qian GS, Tu JT, et al.
Urinary aflatoxin biomarkers and risk of hepatocellular carci-
noma. Lancet 1992;339:943-946

Kuang SY, Lekawanvijit S, Maneekarn N, Thongsawat S,
Brodovicz K, Nelson K, et al. Hepatitis B 1762T/1764A muta-
tions, hepatitis C infection, and codon 249 p53 mutations in
hepatocellular carcinomas from Thailand. Cancer Epidemiol
Biomarkers Prev 2005;14:380-384

U.S. Department of Health and Human Service. SURGEN
GENERAL. GOV. The Health Consequences of smoking—50
years of progress: a report of the surgeon general, 2014. http://
www.surgeongeneral.gov/library/reports/50-years-of-progress/.
Accessed 16 April 2017

Lee YC, Cohet C, Yang YC, Stayner L, Hashibe M, Straif K.
Meta-analysis of epidemiologic studies on cigarette smoking
and liver cancer. Int J Epidemiol 2009;38:1497-1511

Bravi F, Bosetti C, Tavani A, Gallus S, La Vecchia C. Coffee
reduces risk for hepatocellular carcinoma: an updated meta-
analysis. Clin Gastroenterol Hepatol 2013;11:1413-1421

Fon Sing M, Yang WS, Gao S, Gao J, Xiang YB. Epidemio-
logical studies of the association between tea drinking and pri-
mary liver cancer: a meta-analysis. Eur J Cancer Prev
2011;20:157-165

Cavin C, Holzhaeuser D, Scharf G, Constable A, Huber WW,
Schilter B. Cafestol and kahweol, two coffee specific diterpenes
with  anticarcinogenic  activity. Food Chem Toxicol
2002;40:1155-1163

@ Springer

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Muriel P, Arauz J. Coffee and liver diseases. Fitoterapia
2010;81:297-305

Boettler U, Sommerfeld K, Volz N, Pahlke G, Teller N, Somoza
V, et al. Coffee constituents as modulators of Nrf2 nuclear
translocation and ARE (EpRE)-dependent gene expression.
J Nutr Biochem 2011;22:426-440

Ludwig IA, Clifford MN, Lean ME, Ashihara H, Crozier A.
Coffee: biochemistry and potential impact on health. Food Funct
2014;5:1695-1717

Yang CS, Wang X, Lu G, Picinich SC. Cancer prevention by
tea: animal studies, molecular mechanisms and human rele-
vance. Nat Rev Cancer 2009;9:429-439

Moore SW, Davidson A, Hadley GP, Kruger M, Poole J, Stones
D, et al. Malignant liver tumors in South African children: a
national audit. World J Surg 2008;32:1389-1395

Mann JR, Kasthuri N, Raafat F, Pincott JR, Parkes SE, Muir KR,
et al. Malignant hepatic tumours in children: incidence, clinical
features and aetiology. Paediatr Perinat Epidemiol
1990;4:276-289

Hall AJ, Winter PD, Wright R. Mortality of hepatitis B positive
blood donors in England and Wales. Lancet 1985;1:91-93
Chang MH. Hepatitis B virus and cancer prevention. Recent
Results Cancer Res 2011;188:75-84

Malik S, Dekio F, Wen JW. Liver transplantation in a child with
multifocal hepatocellular carcinoma hepatitis C and manage-
ment of post-transplant viral recurrence using boceprevir.
Pediatr Transplant 2014;18:E64-E68

Manzia TM, Angelico R, Toti L, Cillis A, Ciano P, Orlando G,
et al. Glycogen storage disease type la and VI associated with
hepatocellular carcinoma: two case reports. Transplant Proc
2011;43:1181-1183

Zen Y, Vara R, Portmann B, Hadzic N. Childhood hepatocel-
lular carcinoma: a clinicopathological study of 12 cases with
special reference to EpCAM. Histopathology 2014;64:671-682
Kudo M, Namki I, Ichida T, Ku Y, Kokudo N, Sakamoto M,
et al. 19th Zenkoku genpatsusei kangan tsuiseki chosa hokoku
(2006-2007). Kanzo 2016; 57:45-73 (Japanese)

POLARIS Observatory. Hepatitis C. http://polarisobservatory.
org/polaris/hepC.htm. Accessed 16 April 2017

Kudo M. Japan’s successful model of nationwide hepatocellular
carcinoma surveillance highlighting the urgent need for global
surveillance. Liver Cancer 2012;1:141-143

Acharya SK. Epidemiology of hepatocellular carcinoma in
India. J Clin Exp Hepatol 2014;4:S27-S33

International Agency for Research on Cancer. Cancer incidence
in five continents. http://CiS.iarc.fr/. Accessed 16 April 2017
Paul SB, Chalamalasetty SB, Vishnubhatla S, Madan K,
Gamanagatti SR, Batra Y, et al. Clinical profile, etiology and
therapeutic outcome in 324 hepatocellular cancer in India.
Oncology 2009;77:162-171

Sarin SK, Thakur V, Guptan RC, Saigal S, Malhotra V, Thya-
garajan SP, et al. Profile of hepatocellular carcinoma in India: an
insight into the possible etiologic associations. J Gastroenterol
Hepatol 2001;16:666—-673

Kumar M, Kumar R, Hissar SS, Saraswat MK, Sharma BC,
Sakhuja P, et al. Risk factors analysis for hepatocellular carci-
noma in patients with and without cirrhosis: a case-control study
of 213 hepatocellular carcinoma patients from India. J Gas-
troenterol Hepatol 2007;22:1104-1111

Law MG, Roberts SK, Dore GJ, Kaldor JM. Primary hepato-
cellular carcinoma in Australia, 1978-1997: increasing inci-
dence and mortality. Med J Aust 2000;173:403—405

Tracey E, Chen S, Baker D, Bishop J, Jelfs P. Cancer in New
South Wales: Incidence and Mortality 2004. Cancer Institute,
NSW, 2006


http://www.surgeongeneral.gov/library/reports/50-years-of-progress/
http://www.surgeongeneral.gov/library/reports/50-years-of-progress/
http://polarisobservatory.org/polaris/hepC.htm
http://polarisobservatory.org/polaris/hepC.htm
http://Ci5.iarc.fr/

Hepatol Int (2017) 11:317-370

355

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Walter SR, Thein HH, Gidding HF, Amin J, Law MG, George J,
et al. Risk factors for hepatocellular carcinoma in a cohort
infected with hepatitis B or C. J Gastroenterol Hepatol
2011;26:1757-1764

Amin J, O’Connell D, Bartlett M, Tracey E, Kaldor J, Law M,
et al. Liver cancer and hepatitis B and C in New South Wales,
1990-2002: a linkage study. Aust N Z J Public Health
2007;31:475-482

Tanaka M, Katayama F, Kato H, Tanaka H, Wang J, Qiao YL,
et al. Hepatitis B and C virus infection and hepatocellular car-
cinoma in China: a review of epidemiology and control mea-
sures. J Epidemiol 2011;21:401-416

Fan JH, Wang JB, Jiang Y, Xiang W, Liang H, Wei WQ, et al.
Attributable causes of liver cancer mortality and incidence in
china. Asian Pac J Cancer Prev 2013;14:7251-7256

Zhou X, Tang Z, Yu Y. Changing prognosis of primary liver
cancer: some aspects to improve long-term survival. Zhonghua
Zhong Liu Za Zhi 1996;18:211-213 (Article in Chinese)

Lin J. A study on aetiological factors of primary hepato-carci-
noma in Tianjin China. Zhonghua Liu Xing Bing Xue Za Zhi
1991;12:346-349

Yuen MF, Cheng CC, Lauder 1J, Lam SK, Ooi CG, Lai CL.
Early detection of hepatocellular carcinoma increases the chance
of treatment: Hong Kong experience. Hepatology
2000;31:330-335

Park JW. Hepatocellular carcinoma in Korea: introduction and
overview. Korean J Gastroenterol 2005;45:217-226 (Article in
Korean)

Meredith I, Sarfati D, Ikeda T, Blakely T. Cancer in Pacific
people in New Zealand. Cancer Causes Control
2012;23:1173-1184

Lu SN, Su WW, Yang SS, Chang TT, Cheng KS, Wu JC, et al.
Secular trends and geographic variations of hepatitis B virus and
hepatitis C virus-associated hepatocellular carcinoma in Taiwan.
Int J Cancer 2006;119:1946-1952

Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS,
et al. Universal hepatitis B vaccination in Taiwan and the
incidence of hepatocellular carcinoma in children: Taiwan
Childhood Hepatoma Study Group. N Engl J Med
1997;336:1855-1859

Zidan A, Scheuerlein H, Schiile S, Settmacher U, Rauchfuss F.
Epidemiological pattern of hepatitis B and hepatitis C as etio-
logical agents for hepatocellular carcinoma in Iran and world-
wide. Hepat Mon 2012;12:e6894

Hafeez Bhatti AB, Dar FS, Waheed A, Shafique K, Sultan F,
Shah NH. Hepatocellular Carcinoma in Pakistan: national
Trends and Global Perspective. Gastroenterol Res Pract
2016;2016:5942306

WHO. Cancer country profiles 2014. http://www.who.int/can
cer/country-profiles/en/. Accessed 16 April 2017

Raza SA, Clifford GM, Franceschi S. Worldwide variation in
the relative importance of hepatitis B and hepatitis C viruses in
hepatocellular carcinoma: a systematic review. Br J Cancer
2007;96:1127-1134

Nguyen VT, Law MG, Dore GJ. An enormous hepatitis B virus-
related liver disease burden projected in Vietnam by 2025. Liver
Int 2008;28:525-531

Baatarkhuu O, Kim DY, Bat-Ireedui P, Han KH. Current situ-
ation of hepatocellular carcinoma in Mongolia. Oncology
2011;81(Suppl 1):148-151

de Martel C, Maucort-Boulch D, Plummer M, Franceschi S.
World-wide relative contribution of hepatitis B and C viruses in
hepatocellular carcinoma. Hepatology 2015;62:1190-1200
Asia-Pacific Working Party on Prevention of Hepatocellular
Carcinoma. Prevention of hepatocellular carcinoma in the Asia-

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

Pacific region: consensus statements. J Gastroenterol Hepatol
2010;25:657-663

Wong VWS, Chan HLY. Prevention of hepatocellular carci-
noma: a concise review of contemporary issues. Ann Hepatol
2012;11:284-293

Ni YH, Chang MH, Wu JF, Hsu HY, Chen HL, Chen DS.
Minimization of hepatitis B infection by a 25-year universal
vaccination program. J Hepatol 2012;57:730-735

Chiang CJ, Yang YW, You SL, Lai MS, Chen CJ. Thirty-year
outcomes of the national hepatitis B immunization program in
Taiwan. JAMA 2013;310:974-976

Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, et al. Epi-
demiological serosurvey of hepatitis B in China-declining HBV
prevalence due to hepatitis B  vaccination. Vaccine
2009;27:6550-6557

Qu C, Chen T, Fan C, Zhan Q, Wang Y, Lu J, et al. Efficacy of
neonatal HBV vaccination on liver cancer and other liver dis-
eases over 30-year follow-up of the Qidong hepatitis B inter-
vention study: a cluster randomized controlled trial. PLoS Med
2014;11:e1001774

Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, et al. Risk of
hepatocellular carcinoma across a biological gradient of serum
hepatitis B virus DNA level. JAMA 2006;295:65-73

Chen JD, Yang HI, Iloeje UH, You SL, Lu SN, Wang LY, et al.
Carriers of inactive hepatitis B virus are still at risk for hepa-
tocellular carcinoma and liver-related death. Gastroenterology
2010;138:1747-1754

Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, et al.
Lamivudine for patients with chronic hepatitis B and advanced
liver disease. N Engl J Med 2004;351:1521-1531
Papatheodoridis GV, Lampertico P, Manolakopoulos S, Lok A.
Incidence of hepatocellular carcinoma in chronic hepatitis B
patients receiving nucleos(t)ide therapy: a systematic review.
J Hepatol 2010;53:348-356

Singal AK, Salameh H, Kuo YF. Fontana RJ. Meta-analysis: the
impact of oral anti-viral agents on the incidence of hepatocel-
lular carcinoma in chronic hepatitis B. Aliment Pharmacol Ther
2013;38:98-106

Eun JR, Lee HJ, Kim TN, Lee KS. Risk assessment for the
development of hepatocellular carcinoma: according to on-treat-
ment viral response during long-term lamivudine therapy in hep-
atitis B virus-related liver disease. J Hepatol 2010;53:118-125
Hosaka T, Suzuki F, Kobayashi M, Seko Y, Kawamura Y,
Sezaki H, et al. Long-term entecavir treatment reduces hepato-
cellular carcinoma incidence in patients with hepatitis B virus
infection. Hepatology 2013;58:98-107

Chiang CJ, Yang YW, Chen JD, You SL, Yang HI, Lee MH,
et al. Significant reduction in end-stage liver diseases burden
through the national viral hepatitis therapy program in Taiwan.
Hepatology 2015;61:1154-1162

Cho JY, Paik YH, Sohn W, Cho HC, Gwak GY, Choi MS, et al.
Patients with chronic hepatitis B treated with oral antiviral
therapy retain a higher risk for HCC compared with patients
with inactive stage disease. Gut 2014;63:1943-1950

Aghemo A, Lampertico P, Colombo M. Assessing long-term
treatment efficacy in chronic hepatitis B and C: between evi-
dence and common sense. J Hepatol 2012;57:1326-1335

Kong Y, You H, Jia J. Oral antiviral therapy reduces the risk of
hepatocellular carcinoma in persons with chronic hepatitis B
infection: combining evidence and common sense. Hepatol Int
2016;10:239-241

Kim GA, Lee HC, Kim MJ, Ha Y, Park EJ, An J, et al. Incidence
of hepatocellular carcinoma after HBsAg seroclearance in
chronic hepatitis B patients: a need for surveillance. J Hepatol
2015;62:1092-1099

@ Springer


http://www.who.int/cancer/country-profiles/en/
http://www.who.int/cancer/country-profiles/en/

356

Hepatol Int (2017) 11:317-370

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Morgan TR, Ghany MG, Kim HY, Snow KK, Shiffman ML, De
Santo JL, et al. Outcome of sustained virological responders
with histologically advanced chronic hepatitis C. Hepatology
2010;52:833-844

Camma C, Giunta M, Andreone P, Craxi A. Interferon and
prevention of hepatocellular carcinoma in viral cirrhosis: an
evidence-based approach. J Hepatol 2001;34:593-602
Akamatsu M, Yoshida H, Shiina S, Teratani T, Obi S, Tateishi R,
et al. Sustained viral response prolonged survival of patients with
C-viral hepatocellular carcinoma. Liver Int 2006;26:536-542

Yu ML, Lin SM, Chuang WL, Dai CY, Wang JH, Lu SN, et al.
A sustained virological response to interferon or interferon/rib-
avirin reduces hepatocellular carcinoma and improves survival
in chronic hepatitis C: a nationwide, multicentre study in Tai-
wan. Antivir Ther 2006;11:985-994

Ikeda K, Saitoh S, Arase Y, Chayama K, Suzuki Y, Kobayashi
M, et al. Effect of interferon therapy on hepatocellular car-
cinogenesis in patients with chronic hepatitis type C: a long-
term observation study of 1,643 patients using statistical bias
correction with proportional hazard analysis. Hepatology
1999;29:1124-1130

Kasahara A, Hayashi N, Mochizuki K, Takayanagi M, Yoshioka
K, Kakumu S, et al. Risk factors for hepatocellular carcinoma
and its incidence after interferon treatment in patients with
chronic hepatitis C. Osaka Liver Disease Study Group. Hepa-
tology 1998;27:1394-1402

Makiyama A, Itoh Y, Kasahara A, Imai Y, Kawata S, Yoshioka
K, et al. Characteristics of patients with chronic hepatitis C who
develop hepatocellular carcinoma after a sustained response to
interferon therapy. Cancer 2004;101:1616-1622

Shiratori Y, Ito Y, Yokosuka O, Imazeki F, Nakata R, Tanaka N,
et al. Antiviral therapy for cirrhotic hepatitis C: association with
reduced hepatocellular carcinoma development and improved
survival. Ann Intern Med 2005;142:105-114

Yoshida H, Tateishi R, Arakawa Y, Sata M, Fujiyama S,
Nishiguchi S, et al. Benefit of interferon therapy in hepatocel-
lular carcinoma prevention for individual patients with chronic
hepatitis C. Gut 2004;53:425-430

El-Serag HB, Kanwal F, Richardson P, Kramer J. Risk of hep-
atocellular carcinoma after sustained virological response in
Veterans with hepatitis C virus infection. Hepatology
2016;64:130-137

Chang KC, Hung CH, Lu SN, Wang JH, Lee CM, Chen CH,
et al. A novel predictive score for hepatocellular carcinoma
development in patients with chronic hepatitis C after sustained
response to pegylated interferon and ribavirin combination
therapy. J Antimicrob Chemother 2012;67:2766-2772

van der Meer AJ, Feld JJ, Hofer H, Almasio PL, Calvaruso V,
Fernandez-Rodriguez CM, et al. Risk of cirrhosis-related com-
plications in patients with advanced fibrosis following hepatitis
C virus eradication. J Hepatol 2016; (Epub ahead of print)
Arase Y, Kobayashi M, Suzuki F, Suzuki Y, Kawamura Y,
Akuta N, et al. Effect of type 2 diabetes on the risk for malig-
nancies includes hepatocellular carcinoma in chronic hepatitis
C. Hepatology 2013;57:964-973

Shiratori Y, Imazeki F, Moriyama M, Yano M, Arakawa Y,
Yokosuka O, et al. Histologic improvement of fibrosis in
patients with hepatitis C who have sustained response to inter-
feron therapy. Ann Intern Med 2000;132:517-524

Poynard T, McHutchison J, Manns M, Trepo C, Lindsay K,
Goodman Z, et al. Impact of pegylated interferon alfa-2b and
ribavirin on liver fibrosis in patients with chronic hepatitis C.
Gastroenterology 2002;122:1303-1313

Arif A, Levine RA, Sanderson SO, Bank L, Velu RP, Shah A,
et al. Regression of fibrosis in chronic hepatitis C after therapy
with interferon and ribavirin. Dig Dis Sci 2003;48:1425-1430

@ Springer

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Pol S, Carnot F, Nalpas B, Lagneau JL, Fontaine H, Serpaggi J,
et al. Reversibility of hepatitis C virus-related cirrhosis. Hum
Pathol 2004;35:107-112

Everson GT, Balart L, Lee SS, Reindollar RW, Shiffman ML,
Minuk GY, et al. Histological benefits of virological response to
peginterferon alfa-2a monotherapy in patients with hepatitis C
and advanced fibrosis or compensated cirrhosis. Aliment Phar-
macol Ther 2008;27:542-551

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,
Hoffmann J, Di Bisceglie AM. Clinical, virologic, histologic,
and biochemical outcomes after successful HCV therapy: a
5-year follow-up of 150 patients. Hepatology 2009;49:729-738
Bourliere M, Bronowicki JP, de Ledinghen V, Hézode C,
Zoulim F, Mathurin P, et al. Ledipasvir-sofosbuvir with or
without ribavirin to treat patients with HCV genotype 1 infec-
tion and cirrhosis non-responsive to previous protease-inhibitor
therapy: a randomised, double-blind, phase 2 trial (SIRIUS).
Lancet Infect Dis 2015;15:397-404

Charlton M, Everson GT, Flamm SL, Kumar P, Landis C,
Brown RS Jr, et al. Ledipasvir and Sofosbuvir Plus Ribavirin for
Treatment of HCV Infection in Patients With Advanced Liver
Disease. Gastroenterology 2015;149:649-659

Leroy V, Angus P, Bronowicki JP, Dore GJ, Hezode C, Pianko
S, et al. Daclatasvir, sofosbuvir, and ribavirin for hepatitis C
virus genotype 3 and advanced liver disease: a randomized
phase III study (ALLY-3 +). Hepatology 2016;63:1430-1441
Bellentani SSF, Marino M, Bedogni G. Epidemiology of non-
alcoholic fatty liver disease. Dig Dis 2010;28:155-161
McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee
QM. Evidence of NAFLD progression from steatosis to fibros-
ing-steatohepatitis using paired biopsies: implications for prog-
nosis and clinical management. J Hepatol 2015;62:1148-1155
Matteoni CAYZ, Gramlich T, Boparai N, Liu YC, McCullough
AJ. Nonalcoholic fatty liver disease: a spectrum of clinical and
pathological severity. Gastroenterology 1999;116:1413-1419
Guzman GBE, Petrovic LM, Chejfec G, Layden TJ, Cotler SJ.
Does nonalcoholic fatty liver disease predispose patients to
hepatocellular carcinoma in the absence of cirrhosis? Arch
Pathol Lab Med 2008;132:1761-1766

Yatsuji S, Hashimoto E, Tobari M, Taniai M, Tokushige K,
Shiratori K. Clinical features and outcomes of cirrhosis due to
non-alcoholic steatohepatitis compared with cirrhosis caused by
chronic hepatitis C. J Gastroenterol Hepatol 2009;24:248-254
Ascha MS, Hanouneh IA, Lopez R, Tamimi TA, Feldstein AF,
Zein NN. The incidence and risk factors of hepatocellular car-
cinoma in patients with nonalcoholic steatohepatitis. Hepatology
2010;51:1972-1978

Scalera A, Tarantino G. Could metabolic syndrome lead to
hepatocarcinoma via non-alcoholic fatty liver disease? World J
Gastroenterol 2014;20:9217-9228

Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D.
Metabolic syndrome and risk of cancer: a systematic review and
meta-analysis. Diabetes Care 2012;35:2402-2411

Tanaka K, Tsuji I, Tamakoshi A, Matsuo K, Ito H, Wakai K,
et al. Obesity and liver cancer risk: an evaluation based on a
systematic review of epidemiologic evidence among the Japa-
nese population. Jpn J Clin Oncol 2012;42:212-221

Wang P, Kang D, Cao W, Wang Y, Liu Z. Diabetes mellitus and
risk of hepatocellular carcinoma: a systematic review and meta-
analysis. Diabetes Metab Res Rev 2012;28:109-122

Chen Y, Wang X, Wang J, Yan Z, Luo J. Excess body weight
and the risk of primary liver cancer: an updated meta-analysis of
prospective studies. Eur J Cancer 2012;48:2137-2145

Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri BA.
Nonalcoholic steatohepatitis: an expanded clinical entity. Gas-
troenterology 1994;107:1103-1109



Hepatol Int (2017) 11:317-370

357

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

Traussnigg S, Kienbacher C, Halilbasic E, Rechling C, Kazemi-
Shirazi L, Hofer H, et al. Challenges and Management of Liver
Cirrhosis: practical Issues in the Therapy of Patients with Cir-
rhosis due to NAFLD and NASH. Dig Dis 2015;33:598-607
DePeralta DK, Wei L, Ghoshal S, Schmidt B, Lauwers GY,
Lanuti M, et al. Metformin prevents hepatocellular carcinoma
development by suppressing hepatic progenitor cell activation in
a rat model of cirrhosis. Cancer 2016;122:1216—-1227
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi
K, et al. The diagnosis and management of non-alcoholic fatty
liver disease: practice Guideline by the American Association
for the Study of Liver Diseases, American College of Gas-
troenterology, and the American Gastroenterological Associa-
tion. Hepatology 2012;55:2005-2023

Rinella ME. Nonalcoholic fatty liver disease: a systematic
review. JAMA 2015;313:2263-2273

European Association for the Study of the Liver; (EASL)I;
European Association for the Study of Diabetes (EASD);
European Association for the Study of Obesity (EASO). EASL—
EASD-EASO Clinical Practice Guidelines for the management
of  non-alcoholic  fatty liver disease. J  Hepatol
2016;64:1388-1402

Wu JC, Huang YH, Chau GY, Su CW, Lai CR, Lee PC, et al.
Risk factors for early and late recurrence in hepatitis B-related
hepatocellular carcinoma. J Hepatol 2009;51:890-897

Hung IF, Poon RT, Lai CL, Fung J, Fan ST, Yuen MF.
Recurrence of hepatitis B-related hepatocellular carcinoma is
associated with high viral load at the time of resection. Am J
Gastroenterol 2008;103:1663-1673

Hung IF, Wong DK, Poon RT, Fong DY, Chui AH, Seto WK,
et al. Risk factors and post-resection independent predictive
score for the recurrence of hepatitis B-related hepatocellular
carcinoma. PLoS One 2016;11:e0148493

Lo CM, Liu CL, Chan SC, Lam CM, Poon RT, Ng IO, et al. A
randomized, controlled trial of postoperative adjuvant interferon
therapy after resection of hepatocellular carcinoma. Ann Surg
2007;245:831-842

Chen LT, Chen MF, Li LA, Lee PH, Jeng LB, Lin DY, et al.
Long-term results of a randomized, observation-controlled,
phase III trial of adjuvant interferon Alfa-2b in hepatocellular
carcinoma after curative resection. Ann Surg 2012;255:8-17
Lin SM, Lin CJ, Hsu CW, Tai DI, Sheen IS, Lin DY, et al.
Prospective randomized controlled study of interferon-alpha in
preventing hepatocellular carcinoma recurrence after medical
ablation therapy for primary tumors. Cancer 2004;100:376-382
Nishikawa H, Nishijima N, Arimoto A, Inuzuka T, Kita R,
Kimura T, et al. Effect of nucleoside analog use in patients with
hepatitis B virus-related hepatocellular carcinoma. Hepatol Res
2014;44:608-620

Yin J, Li N, Han Y, Xue J, Deng Y, Shi J, et al. Effect of
antiviral treatment with nucleotide/nucleoside analogs on post-
operative prognosis of hepatitis B virus-related hepatocellular
carcinoma: a two-stage longitudinal clinical study. J Clin Oncol
2013;31:3647-3655

Kuzuya T, Katano Y, Kumada T, Toyoda H, Nakano I, Hirooka
Y, et al. Efficacy of antiviral therapy with lamivudine after
initial treatment for hepatitis B virus-related hepatocellular
carcinoma. J Gastroenterol Hepatol 2007;22:1929-1935

Piao CY, Fujioka S, Iwasaki Y, Fujio K, Kaneyoshi T, Araki Y,
et al. Lamivudine treatment in patients with HBV-related hep-
atocellular carcinoma—using an untreated, matched control
cohort. Acta Med Okayama 2005;59:217-224

Wu CY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, Wu MS, et al.
Association between nucleoside analogues and risk of hepatitis
B virus-related hepatocellular carcinoma recurrence following
liver resection. JAMA 2012;308:1906-1914

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

Huang G, Yang Y, Shen F, Pan ZY, Fu SY, Lau WY, et al. Early
viral suppression predicts good postoperative survivals in
patients with hepatocellular carcinoma with a high baseline
HBV-DNA load. Ann Surg Oncol 2013;20:1482-1490

Jang JW, Choi JY, Bae SH, Yoon SK, Chang Ul Kim CW, et al.
A randomized controlled study of preemptive lamivudine in
patients receiving transarterial chemo-lipiodolization. Hepatol-
ogy 2006;43:233-240

Kumada T, Nakano S, Takeda I, Sugiyama K, Osada T, Kir-
iyama S, et al. Patterns of recurrence after initial treatment in
patients with small hepatocellular carcinoma. Hepatology
1997;25:87-92

Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. Different
risk factors and prognosis for early and late intrahepatic recur-
rence after resection of hepatocellular carcinoma. Cancer
2000;89:500-507

Sakon M, Umeshita K, Nagano H, Eguchi H, Kishimoto S,
Miyamoto A, et al. Clinical significance of hepatic resection in
hepatocellular carcinoma: analysis by disease-free survival
curves. Arch Surg 2000;135:1456-1459

Ikeda K, Arase Y, Saitoh S, Kobayashi M, Suzuki Y, Suzuki F,
et al. Interferon beta prevents recurrence of hepatocellular car-
cinoma after complete resection or ablation of the primary
tumor: a prospective randomized study of hepatitis C virus-re-
lated liver cancer. Hepatology 2000;32:228-232

Kubo S, Nishiguchi S, Hirohashi K, Tanaka H, Shuto T,
Yamazaki O, et al. Effects of long-term postoperative inter-
feron-alpha therapy on intrahepatic recurrence after resection of
hepatitis C virus-related hepatocellular carcinoma. A random-
ized, controlled trial. Ann Intern Med 2001;134:963-967
Shiratori Y, Shiina S, Teratani T, Imamura M, Obi S, Sato S,
et al. Interferon therapy after tumor ablation improves prognosis
in patients with hepatocellular carcinoma associated with hep-
atitis C virus. Ann Intern Med 2003;138:299-306

Hung CH, Lee CM, Wang JH, Tung HD, Chen CH, Lu SN.
Antiviral therapy after non-surgical tumor ablation in patients
with hepatocellular carcinoma associated with hepatitis C virus.
J Gastroenterol Hepatol 2005;20:1553-1559

Ishikawa T, Higuchi K, Kubota T, Seki K, Honma T, Yoshida T,
et al. Combination PEG-IFN a-2b/ribavirin therapy following
treatment of hepatitis C virus-associated hepatocellular carci-
noma is capable of improving hepatic functional reserve and
survival. Hepatogastroenterology 2012;59:529-532

Mazzaferro V, Romito R, Schiavo M, Mariani L, Camerini T,
Bhoori S, et al. Prevention of hepatocellular carcinoma recur-
rence with alpha-interferon after liver resection in HCV cir-
rhosis. Hepatology 2006;44:1543—-1554

Sakaguchi Y, Kudo M, Fukunaga T, Minami Y, Chung H,
Kawasaki T. Low-dose, long-term, intermittent interferon-alpha-
2b therapy after radical treatment by radiofrequency ablation
delays clinical recurrence in patients with hepatitis C virus-re-
lated hepatocellular carcinoma. Intervirology 2005;48:64—70
Nishiguchi S, Tamori A, Kubo S. Effect of long-term postop-
erative interferon therapy on intrahepatic recurrence and sur-
vival rate after resection of hepatitis C virus-related
hepatocellular carcinoma. Ntervirology 2005;48:71-75
Kanogawa N, Ogasawara S, Chiba T, Saito T, Motoyama T,
Suzuki E, et al. Sustained virologic response achieved after
curative treatment of hepatitis C virus-related hepatocellular
carcinoma as an independent prognostic factor. J Gastroenterol
Hepatol 2015;30:1197-1204

Reig M, Marino Z, Perello C, Inarrairaegui M, Ribeiro A, Lens
S, et al. Unexpected early tumor recurrence in patients with
hepatitis C virus -related hepatocellular carcinoma undergoing
interferon-free therapy: a note of caution. J Hepatol
2016;65:719-726

@ Springer



358

Hepatol Int (2017) 11:317-370

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

The ANRS Collaborative Study Group on Hepatocellular Car-
cinoma (ANRS CO22 HEPATHER, CO12 CirVir and CO23
CUPILT cohorts). Lack of evidence of an effect of direct-acting
antivirals on the recurrence of hepatocellular carcinoma: Data
from three ANRS cohorts. J Hepatol 2016;65:734-740

Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Car-
aceni P, et al. Early occurrence and recurrence of hepatocellular
carcinoma in HCV-related cirrhosis treated with direct-acting
antivirals. J Hepatol 2016;65:727-733

Minami T, Tateishi R, Nakagomi R, Fujiwara N, Sato M,
Enooku K, et al. The impact of direct-acting antivirals on early
tumor recurrence after radiofrequency ablation in hepatitis
C-related hepatocellular carcinoma. J Hepatol
2016;65:1272-1273

Hasegawa K, Takayama T, Ijichi M, Matsuyama Y, Imamura H,
Sano K, et al. Uracil-tegafur as an adjuvant for hepatocellular
carcinoma: a randomized trial. Hepatology 2006;44:891-895
Bruix J, Takayama T, Mazzaferro V, Chau GY, Yang J, Kudo
M, et al. Adjuvant sorafenib for hepatocellular carcinoma after
resection or ablation (STORM): a phase 3, randomised, double-
blind, placebo-controlled trial. Lancet Oncol
2015;16:1344-1354

Muto Y, Moriwaki H, Ninomiya M, Adachi S, Saito A, Takasaki
KT, et al. Prevention of second primary tumors by an acyclic
retinoid, polyprenoic acid, in patients with hepatocellular car-
cinoma. Hepatoma Prevention Study Group. N Engl J Med
1996;334:1561-1567

Takai K, Okuno M, Yasuda I, Matsushima-Nishiwaki R,
Uematsu T, Tsurumi H, et al. Prevention of second primary
tumors by an acyclic retinoid in patients with hepatocellular
carcinoma. Updated analysis of the long-term follow-up data.
Intervirology 2005;48:39—-45

Okita K, Izumi N, Matsui O, Tanaka K, Kaneko S, Moriwaki H,
et al. Peretinoin after curative therapy of hepatitis C-related
hepatocellular carcinoma: a randomized double-blind placebo-
controlled study. J Gastroenterol 2015;50:191-202

Okita K, Izumi N, Ikeda K, Osaki Y, Numata K, Ikeda M, et al.
Survey of survival among patients with hepatitis C virus-related
hepatocellular carcinoma treated with peretinoin, an acyclic
retinoid, after the completion of a randomized, placebo-con-
trolled trial. J Gastroenterol 2015;50:667-674

Takami Y, Eguchi S, Tateishi M, Ryu T, Mikagi K, Wada Y,
et al. A randomised controlled trial of meloxicam, a Cox-2
inhibitor, to prevent hepatocellular carcinoma recurrence after
initial curative treatment. Hepatol Int 2016;10:799-806

Habu D, Shiomi S, Tamori A, Takeda T, Tanaka T, Kubo S,
et al. Role of vitamin K2 in the development of hepatocellular
carcinoma in women with viral cirrhosis of the liver. JAMA
2004;292:358-361

Mizuta T, Ozaki I, Eguchi Y, Yasutake T, Kawazoe S, Fujimoto
K, et al. The effect of menatetrenone, a vitamin K2 analog, on
disease recurrence and survival in patients with hepatocellular
carcinoma after curative treatment: a pilot study. Cancer
2006;106:867-872

Hotta N, Ayada M, Sato K, Ishikawa T, Okumura A, Matsumoto
E, et al. Effect of vitamin K2 on the recurrence in patients with
hepatocellular carcinoma. Hepatogastroenterology
2007;54:2073-2077

Yoshida H, Shiratori Y, Kudo M, Shiina S, Mizuta T, Kojiro M,
et al. Effect of vitamin K2 on the recurrence of hepatocellular
carcinoma. Hepatology 2011;54:532-540

Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and
staging of hepatocellular carcinoma: part I. Development,
growth, and spread: key pathologic and imaging aspects. Radi-
ology 2014;272:635-654

@ Springer

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

Singal AG, Pillai A, Tiro J. Early detection, curative treatment,
and survival rates for hepatocellular carcinoma surveillance in
patients with cirrhosis: a meta-analysis. PLoS Med
2014;11:¢1001624

Khalili K, Menezes R, Kim TK, Kochak Yazdi L, Jang HJ,
Sharma S, et al. The effectiveness of ultrasound surveillance for
hepatocellular carcinoma in a canadian centre and determinants
of its success. Can J Gastroenterol Hepatol 2015;29:267-273
Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A, Zironi G, et al.
Surveillance programme of cirrhotic patients for early diagnosis
and treatment of hepatocellular carcinoma: a cost effectiveness
analysis. Gut 2001;48:251-259

Pocha C, Dieperink E, McMaken K, Knott A, Thuras P, Ho S.
Surveillance for hepatocellular cancer with ultrasonography vs.
Computed tomography—a randomised study. Aliment Pharmacol
Ther 2013;38:303-312

Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA,
et al. Meta-analysis: surveillance with ultrasound for early-stage
hepatocellular carcinoma in patients with cirrhosis. Aliment
Pharmacol Ther 2009;30:37-47

Yoon JH, Park JW, Lee JM. Noninvasive diagnosis of hepato-
cellular carcinoma: Elaboration on korean liver cancer study
group-national cancer center korea practice guidelines compared
with other guidelines and remaining issues. Korean J Radiol
2016;17:7-24

Colli A, Fraquelli M, Casazza G, Massironi S, Colucci A, Conte D,
et al. Accuracy of ultrasonography, spiral ct, magnetic resonance,
and alpha-fetoprotein in diagnosing hepatocellular carcinoma: a
systematic review. Am J Gastroenterol 2006;101:513-523

Hanna RF, Miloushev VZ, Tang A, Finklestone LA, Brejt SZ,
Sandhu RS, et al. Comparative 13-year meta-analysis of the
sensitivity and positive predictive value of ultrasound, CT, and
MRI for detecting hepatocellular carcinoma. Abdom Radiol
(NY). 2016;41:71-90

Lee JM, Yoon JH, Kim KW. Diagnosis of hepatocellular carci-
noma: newer radiological tools. Semin Oncol 2012;39:399-409
Coleman WB. Mechanisms of human hepatocarcinogenesis.
Curr Mol Med 2003;3:573-588

Ueda K, Matsui O, Kawamori Y, Nakanuma Y, Kadoya M,
Yoshikawa J, et al. Hypervascular hepatocellular carcinoma:
evaluation of hemodynamics with dynamic CT during hepatic
arteriography. Radiology 1998;206:161-166

Lee JM, Choi BI. Hepatocellular nodules in liver cirrhosis: mR
evaluation. Abdom Imaging 2011;36:282-289

Tanaka S, Kitamura T, Fujita M, Nakanishi K, Okuda S. Color
doppler flow imaging of liver tumors. AJR Am J Roentgenol
1990;154:509-514

Tanaka S, Kitamra T, Fujita M, Kasugai H, Inoue A, Ishiguro S.
Small hepatocellular carcinoma: differentiation from adenoma-
tous hyperplastic nodule with color doppler flow imaging.
Radiology 1992;182:161-165

Koito K, Namieno T, Morita K. Differential diagnosis of small
hepatocellular carcinoma and adenomatous hyperplasia with
power doppler sonography. AJR Am J Roentgenol
1998;170:157-161

Hatanaka K, Kudo M, Minami Y, Ueda T, Tatsumi C, Kitai S,
et al. Differential diagnosis of hepatic tumors: value of contrast-
enhanced harmonic sonography using the newly developed
contrast agent, sonazoid. Intervirology 2008;51(Suppl 1):61-69
D’Onofrio M, Crosara S, De Robertis R, Canestrini S, Mucelli
RP. Contrast-enhanced ultrasound of focal liver lesions. AJR
Am J Roentgenol 2015;205:W56-W66

Kim TK, Jang HJ. Contrast-enhanced ultrasound in the diag-
nosis of nodules in liver cirrhosis. World J Gastroenterol
2014;20:3590-3596



Hepatol Int (2017) 11:317-370

359

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

Kudo M. Defect reperfusion imaging with sonazoid®: a break-
through in hepatocellular carcinoma. Liver Cancer 2016;5:1-7
Wilson SR, Kim TK, Jang HJ, Burns PN. Enhancement patterns
of focal liver masses: discordance between contrast-enhanced
sonography and contrast-enhanced CT and MRI. AJR Am J
Roentgenol 2007;189:W7-W12

Jang HJ, Kim TK, Burns PN, Wilson SR. CEUS: an essential
component in a multimodality approach to small nodules in
patients at high-risk for hepatocellular carcinoma. Eur J Radiol
2015;84:1623-1635

Jang HJ, Kim TK, Burns PN, Wilson SR. Enhancement patterns
of hepatocellular carcinoma at contrast-enhanced US: compar-
ison with histologic differentiation. Radiology
2007;224:898-906

Wilson SR, Burns PN. Microbubble-enhanced us in body
imaging: what role? Radiology 2010;257:24-39

Vilana R, Forner A, Bianchi L, Garcia-Criado A, Rimola J, de
Lope CR, et al. Intrahepatic peripheral cholangiocarcinoma in
cirrhosis patients may display a vascular pattern similar to
hepatocellular carcinoma on contrast-enhanced ultrasound.
Hepatology 2010;51:2020-2029

Galassi M, Iavarone M, Rossi S, Bota S, Vavassori S, Rosa L,
et al. Patterns of appearance and risk of misdiagnosis of intra-
hepatic cholangiocarcinoma in cirrhosis at contrast enhanced
ultrasound. Liver Int 2013;33:771-779

de Sio I, Iadevaia MD, Vitale LM, Niosi M, Del Prete A, de Sio
C, et al. Optimized contrast-enhanced ultrasonography for
characterization of focal liver lesions in cirrhosis: a single-center
retrospective study. Unit Eur Gastroenterol J 2014;2:279-287
Wildner D, Bernatik T, Greis C, Seitz K, Neurath MF, Strobel
D. CEUS in hepatocellular carcinoma and intrahepatic cholan-
giocellular carcinoma in 320 patients - early or late washout
matters: a subanalysis of the DEGUM multicenter trial. Ultra-
schall Med 2015;36:132-139

Niu Y, Huang T, Lian F, Li F. Contrast-enhanced ultrasonog-
raphy for the diagnosis of small hepatocellular carcinoma: a
meta-analysis and meta-regression analysis. Tumour Biol
2013;34:3667-3674

Westwood M, Joore M, Grutters J, Redekop K, Armstrong N,
Lee K, et al. Contrast-enhanced ultrasound using SonoVue®
(sulphur hexafluoride microbubbles) compared with contrast-
enhanced computed tomography and contrast-enhanced mag-
netic resonance imaging for the characterisation of focal liver
lesions and detection of liver metastases: a systematic review
and cost-effectiveness analysis. Health Technol Assess
2013;17:1-243

Hatanaka K, Kudo M, Minami Y, Maekawa K. Sonazoid-en-
hanced ultrasonography for diagnosis of hepatic malignancies:
comparison  with  contrast-enhanced ~ CT.  Oncology
2008;75(Suppl 1):42-47

Cantisani V, David E, Meloni FM, Dietrich CF, Badea R,
Messineo D, et al. Recall strategies for patients found to have a
nodule in cirrhosis: is there still a role for CEUS? Med Ultrason
2015;17:515-520

Neri E, Bali MA, Ba-Ssalamah A, Boraschi P, Brancatelli G,
Alves FC, et al. ESGAR consensus statement on liver MR
imaging and clinical use of liver-specific contrast agents. Eur
Radiol 2016;26:921-931

Lee JM, Trevisani F, Vilgrain V, Wald C. Imaging diagnosis and
staging of hepatocellular carcinoma. Liver Transpl
2011;17(Suppl 2):S34-43

Choi JY, Lee JM, Sirlin CB. CT and MR imaging diagnosis and
staging of hepatocellular carcinoma: part II. Extracellular
agents, hepatobiliary agents, and ancillary imaging features.
Radiology 2014;273:30-50

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

Pomfret EA, Washburn K, Wald C, Nalesnik MA, Douglas D,
Russo M, et al. Report of a national conference on liver allo-
cation in patients with hepatocellular carcinoma in the United
States. Liver Transpl 2010;16:262-278

Kitao A, Zen Y, Matsui O, Gabata T, Nakanuma Y. Hepato-
carcinogenesis: multistep changes of drainage vessels at ct
during arterial portography and hepatic arteriography-radio-
logic-pathologic correlation. Radiology 2009;252:605-614
Matsui O. Imaging of multistep human hepatocarcinogenesis by
CT during intra-arterial contrast injection. Intervirology
2004;47:271-276

Vavricka SR, Jung D, Fried M, Grutzner U, Meier PJ, Kullak-
Ublick GA. The human organic anion transporting polypeptide 8
(SLCOI1B3) gene is transcriptionally repressed by hepatocyte
nuclear factor 3beta in hepatocellular carcinoma. J Hepatol
2004;40:212-218

Kitao A, Matsui O, Yoneda N, Kozaka K, Shinmura R, Koda W,
et al. The uptake transporter OATPS expression decreases dur-
ing multistep hepatocarcinogenesis: correlation with gadoxetic
acid enhanced MR imaging. Eur Radiol 2011;21:2056-2066
Kogita S, Imai Y, Okada M, Kim T, Onishi H, Takamura M,
et al. Gd-EOB-DTPA-enhanced magnetic resonance images of
hepatocellular carcinoma: correlation with histological grading
and portal blood flow. Eur Radiol 2010;20:2405-2413
American College of Radiology. Liver imaging reporting and
data system http://www.Acr.Org/quality-safety/resources/lirads/
. Accessed 16 April 2017

Kim MJ, Choi JY, Lim JS, Kim JY, Kim JH, Oh YT, et al.
Optimal scan window for detection of hypervascular hepato-
cellular carcinomas during MDCT examination. AJR Am J
Roentgenol 2006;187:198-206

Goshima S, Kanematsu M, Kondo H, Yokoyama R, Miyoshi T,
Nishibori H, et al. MDCT of the liver and hypervascular hepa-
tocellular carcinomas: optimizing scan delays for bolus-tracking
techniques of hepatic arterial and portal venous phases. AJR Am
J Roentgenol 2006;187:W25-W32

Hatfield MK, Beres RA, Sane SS, Zaleski GX. Percutaneous
imaging-guided solid organ core needle biopsy: coaxial versus
noncoaxial method. AJR Am J Roentgenol 2008;190:413—417
Forner A, Vilana R, Ayuso C, Bianchi L, Sole M, Ayuso JR, et al.
Diagnosis of hepatic nodules 20 mm or smaller in cirrhosis:
prospective validation of the noninvasive diagnostic criteria for
hepatocellular carcinoma. Hepatology 2008;47:97-104

Kim TK, Lee KH, Jang HJ, Haider MA, Jacks LM, Menezes RJ,
et al. Analysis of gadobenate dimeglumine-enhanced mr find-
ings for characterizing small (1-2-cm) hepatic nodules in
patients at high risk for hepatocellular carcinoma. Radiology
2011;259:730-738

Rimola J, Forner A, Tremosini S, Reig M, Vilana R, Bianchi L,
et al. Non-invasive diagnosis of hepatocellular carci-
noma <2 cm in cirrhosis. Diagnostic accuracy assessing fat,
capsule and signal intensity at dynamic MRI. J Hepatol
2012;56:1317-1323

Marrero JA, Hussain HK, Nghiem HV, Umar R, Fontana RJ,
Lok AS. Improving the prediction of hepatocellular carcinoma
in cirrhotic patients with an arterially-enhancing liver mass.
Liver Transpl 2005;11:281-289

Lee JH, Lee JM, Kim SJ, Baek JH, Yun SH, Kim KW, et al.
Enhancement patterns of hepatocellular carcinomas on multi-
phasicmultidetector row CT: comparison with pathological dif-
ferentiation. Br J Radiol 2012;85:e573—-e583

Choi JW, Lee JM, Kim SJ, Yoon JH, Baek JH, Han JK, et al.
Hepatocellular carcinoma: imaging patterns on gadoxetic acid-
enhanced MR Images and their value as an imaging biomarker.
Radiology 2013;267:776-786

@ Springer


http://www.Acr.Org/quality-safety/resources/lirads/

360

Hepatol Int (2017) 11:317-370

269.

270.

271.

272.

273.

274.

275.

276.

271.

278.

279.

280.

281.

282.

283.

284.

Sangiovanni A, Manini MA, Iavarone M, Romeo R, Forzenigo
LV, Fraquelli M, et al. The diagnostic and economic impact of
contrast imaging techniques in the diagnosis of small hepato-
cellular carcinoma in cirrhosis. Gut 2010;59:638—-644

Lee YJ, Lee JM, Lee JS, Lee HY, Park BH, Kim YH, et al.
Hepatocellular carcinoma: diagnostic performance of multide-
tector CT and MR imaging-a systematic review and meta-
analysis. Radiology 2015;275:97-109

Ye F, Liu J, Ouyang H. Gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid (Gd-EOB-DTPA)-enhanced magnetic
resonance imaging and multidetector-row computed tomogra-
phy for the diagnosis of hepatocellular carcinoma: a systematic
review and meta-analysis. Medicine (Baltimore). 2015;94:e1157
Burrel M, Llovet JM, Ayuso C, Iglesias C, Sala M, Miquel R,
et al. MRI angiography is superior to helical CT for detection of
HCC prior to liver transplantation: an explant correlation.
Hepatology 2003;38:1034-1042

Kim YK, Kim CS, Chung GH, Han YM, Lee SY, Chon SB,
et al. Comparison of gadobenate dimeglumine-enhanced
dynamic MRI and 16-MDCT for the detection of hepatocellular
carcinoma. AJR Am J Roentgenol 2006;186:149-157

Krinsky GA, Lee VS, Theise ND, Weinreb JC, Rofsky NM,
Diflo T, et al. Hepatocellular carcinoma and dysplastic nodules
in patients with cirrhosis: prospective diagnosis with MR
imaging and explantation correlation. Radiology
2001;219:445-454

Lim JH, Kim CK, Lee W], Park CK, Koh KC, Paik SW, et al.
Detection of hepatocellular carcinomas and dysplastic nodules
in cirrhotic livers: accuracy of helical CT in transplant patients.
AJR Am J Roentgenol 2000;175:693-698

Rode A, Bancel B, Douek P, Chevallier M, Vilgrain V, Picaud
G, et al. Small nodule detection in cirrhotic livers: evaluation
with US, spiral CT, and MRI and correlation with pathologic
examination of explanted liver. J Comput Assist Tomogr
2001;25:327-336

Kim YK, Kwak HS, Kim CS, Chung GH, Han YM, Lee JM.
Hepatocellular carcinoma in patients with chronic liver disease:
comparison of SPIO-enhanced MR imaging and 16-detector row
CT. Radiology 2006;238:531-541

Ward J, Guthrie JA, Scott DJ, Atchley J, Wilson D, Davies MH,
et al. Hepatocellular carcinoma in the cirrhotic liver: double-
contrast MR  imaging for  diagnosis.  Radiology
2000;216:154-162

Yoo HJ, Lee JM, Lee MW, Kim SJ, Lee JY, Han JK, et al.
Hepatocellular carcinoma in cirrhotic liver: double-contrast-en-
hanced, high-resolution 3.0T-MR imaging with pathologic cor-
relation. I. Invest Radiol 2008;43:538-546

Hanna RF, Kased N, Kwan SW, Gamst AC, Santosa AC, Has-
sanein T, et al. Double-contrast MRI for accurate staging of
hepatocellular carcinoma in patients with cirrhosis. AJR Am J
Roentgenol 2008;190:47-57

Hanna RF, Aguirre DA, Kased N, Emery SC, Peterson MR,
Sirlin CB. Cirrhosis-associated hepatocellular nodules: correla-
tion of histopathologic and MR imaging features. Radiographics
2008;28:747-769

Park G, Kim YK, Kim CS, Yu HC, Hwang SB. Diagnostic
efficacy of gadoxetic acid-enhanced MRI in the detection of
hepatocellular carcinomas: comparison with gadopentetate
dimeglumine. Br J Radiol 2010;83:1010-1016

Hamm B, Staks T, Miihler A, Bollow M, Taupitz M, Frenzel T,
et al. Phase I clinical evaluation of Gd-EOB-DTPA as a hepa-
tobiliary MR contrast agent: safety, pharmacokinetics, and MR
imaging. Radiology 1995;195:785-792

Filippone A, Blakeborough A, Breuer J, Grazioli L, Gschwend
S, Hammerstingl R, et al. Enhancement of liver parenchyma
after injection of hepatocyte-specific MRI contrast media: a

@ Springer

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

comparison of gadoxetic acid and gadobenate dimeglumine.
J Magn Reson Imaging 2010;31:356-364

Lee DH, Lee JM, Baek JH, Shin C-I, Han JK, Choi BI. Diag-
nostic performance of gadoxetic acid-enhanced liver MR
imaging in the detection of HCCs and allocation of transplant
recipients on the basis of the Milan criteria and UNOS guide-
lines: correlation with histopathologic findings. Radiology
2015;274:149-160

Kitao A, Matsui O, Yoneda N, Kozaka K, Kobayashi S, Koda
W, et al. Hypervascular hepatocellular carcinoma: correlation
between biologic features and signal intensity on gadoxetic acid-
enhanced MR images. Radiology 2012;265:780-789

Joo I, Lee JM, Lee DH, Jeon JH, Han JK, Choi BI. Noninvasive
diagnosis of hepatocellular carcinoma on gadoxetic acid-enhanced
MRI: can hypointensity on the hepatobiliary phase be used as an
alternative to washout? Eur Radiol 2015;25:2859-2868

Hope TA, Fowler KJ, Sirlin CB, Costa EA, Yee J, Yeh BM,
et al. Hepatobiliary agents and their role in LI-RADS. Abdom
Imaging 2015;40:613-625

Joo I, Lee JM. Recent advances in the imaging diagnosis of
hepatocellular carcinoma: value of gadoxetic acid-enhanced
MRI. Liver Cancer 2016;5:67-87

Park MJ, Kim YK, Lee MW, Lee WJ, Kim Y-S, Kim SH, et al.
Small hepatocellular carcinomas: improved sensitivity by com-
bining gadoxetic acid-enhanced and diffusion-weighted MR
imaging patterns. Radiology 2012;264:761-770

Xu PJ, Yan FH, Wang JH, Lin J, Ji Y. Added value of breath-
hold diffusion-weighted MRI in detection of small hepatocel-
lular carcinoma lesions compared with dynamic contrast-
enhanced MRI alone using receiver operating characteristic
curve analysis. J] Magn Reson Imaging 2009;29:341-349

Li X, Li C, Wang R, Ren J, Yang J, Zhang Y. Combined
application of gadoxetic acid disodium-enhanced magnetic res-
onance imaging (MRI) and diffusion-weighted imaging (DWI)
in the diagnosis of chronic liver disease-induced hepatocellular
carcinoma: a meta-analysis. PLoS One 2015;10:e0144247
Kadoya M, Matsui O, Takashima T, Nonomura A. Hepatocel-
lular carcinoma: correlation of MR imaging and histopathologic
findings. Radiology 1992;183:819-825

Matsui O, Kadoya M, Kameyama T, Yoshikawa J, Arai K,
Gabata T, et al. Adenomatous hyperplastic nodules in the cir-
rhotic liver: differentiation from hepatocellular carcinoma with
MR imaging. Radiology 1989;173:123-126

Ferrell LD, Crawford JM, Dhillon AP, Scheuer PJ, Nakanuma Y.
Proposal for standardized criteria for the diagnosis of benign,
borderline, and malignant hepatocellular lesions arising in chronic
advanced liver disease. Am J Surg Pathol 1993;17:1113-1123
Kobayashi S, Matsui O, Gabata T, Koda W, Minami T, Ryu Y,
et al. Intranodular signal intensity analysis of hypovascular high-
risk borderline lesions of HCC that illustrate multi-step hepa-
tocarcinogenesis within the nodule on Gd-EOB-DTPA-en-
hanced MRI. Eur J Radiol 2012;81:3839-3845

Kobayashi S, Matsui O, Gabata T, Koda W, Minami T, Ryu Y,
et al. Relationship between signal intensity on hepatobiliary
phase of gadolinium ethoxybenzyl diethylenetriaminepen-
taacetic acid (Gd-EOB-DTPA)-enhanced MR imaging and
prognosis of borderline lesions of hepatocellular carcinoma. Eur
J Radiol 2012;81:3002-3009

Sakamoto M. Pathology of early hepatocellular carcinoma.
Hepatol Res 2007;37(Suppl 2):S135-S138

Sakamoto M, Hirohashi S, Shimosato Y. Early stages of mul-
tistep hepatocarcinogenesis: adenomatous hyperplasia and early
hepatocellular carcinoma. Hum Pathol 1991;22:172-178
Ichikawa T, Sano K, Morisaka H. Diagnosis of pathologically
early HCC with EOB-MRI: experiences and current consensus.
Liver Cancer 2014;3:97-107



Hepatol Int (2017) 11:317-370

361

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

Choi BI, Lee JM, Kim TK, Burgio MD, Vilgrain V. Diagnosing
borderline hepatic nodules in hepatocarcinogenesis: imaging
performance. AJR Am J Roentgenol 2015;205:10-21

Park YN, Kim MIJ. Hepatocarcinogenesis: imaging-pathologic
correlation. Abdom Imaging 2011;36:232-243

Kudo M. Imaging diagnosis of hepatocellular carcinoma and
premalignant/borderline  lesions. Semin  Liver  Dis
1999;19:297-309

Shinmura R, Matsui O, Kadoya M, Kobayashi S, Terayama N,
Sanada J, et al. Detection of hypervascular malignant foci in
borderline lesions of hepatocellular carcinoma: comparison of
dynamic multi-detector row ct, dynamic mr imaging and
superparamagnetic iron oxide-enhanced mr imaging. Eur Radiol
2008;18:1918-1924

Lee J, Lee WJ, Lim HK, Lim JH, Choi N, Park MH, et al. Early
hepatocellular carcinoma: Three-phase helical ct features of 16
patients. Korean J Radiol 2008;9:325-332

Ito K. Hepatocellular carcinoma: conventional MRI findings
including gadolinium-enhanced dynamic imaging. Eur J Radiol
2006;58:186-199

Bartolozzi C, Battaglia V, Bargellini I, Bozzi E, Campani D,
Pollina LE, et al. Contrast-enhanced magnetic resonance imag-
ing of 102 nodules in cirrhosis: correlation with histological
findings on explanted livers. Abdom Imaging 2013;38:290-296
Sano K, Ichikawa T, Motosugi U, Sou H, Muhi AM, Matsuda
M, et al. Imaging study of early hepatocellular carcinoma:
usefulness of gadoxetic acid-enhanced mr imaging. Radiology
2011;261:834-844

Kudo M. Early hepatocellular carcinoma: definition and diag-
nosis. Liver Cancer 2013;2:69-72

Kanefuji T, Takano T, Suda T, Akazawa K, Yokoo T, Kami-
mura H, et al. Factors predicting aggressiveness of non-hyper-
vascular hepatic nodules detected on hepatobiliary phase of
gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid
magnetic resonance imaging. World J Gastroenterol
2015;21:4583-4591

Ichikawa S, Ichikawa T, Motosugi U, Sano K, Morisaka H,
Enomoto N, et al. Presence of a hypovascular hepatic nodule
showing hypointensity on hepatocyte-phase image is a risk
factor for hypervascular hepatocellular carcinoma. J Magn
Reson Imaging 2014;39:293-297

Kobayashi S, Matsui O, Gabata T, Koda W, Minami T, Ryu Y,
et al. Gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid-enhanced magnetic resonance imaging findings of border-
line lesions at high risk for progression to hypervascular classic
hepatocellular ~ carcinoma. J Comput Assist Tomogr
2011;35:181-186

ITannicelli E, Di Pietropaolo M, Marignani M, Briani C, Federici
GF, Delle Fave G, et al. Gadoxetic acid-enhanced mri for hep-
atocellular carcinoma and hypointense nodule observed in the
hepatobiliary phase. Radiol Med 2014;119:367-376

Golfieri R, Grazioli L, Orlando E, Dormi A, Lucidi V, Corcioni
B, et al. Which is the best MRI marker of malignancy for
atypical cirrhotic nodules: hypointensity in hepatobiliary phase
alone or combined with other features? Classification after Gd-
EOB-DTPA  administration. J Magn Reson Imaging
2012;36:648-657

Yoon JH, Lee JM, Yang HK, Lee KB, Jang J-J, Han JK, et al.
Non-hypervascular hypointense nodules > 1 cm on the hepa-
tobiliary phase of gadoxetic acid-enhanced magnetic resonance
imaging in cirrhotic livers. Dig Dis 2014;32:678-689
Yamamoto A, Ito K, Tamada T, Higaki A, Kanki A, Sato T,
et al. Newly developed hypervascular hepatocellular carcinoma
during follow-up periods in patients with chronic liver disease:
observation in serial gadoxetic acid-enhanced MRI. AJR Am J
Roentgenol 2013;200:1254-1260

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

Kim YK, Lee WJ, Park MJ, Kim SH, Rhim H, Choi D. Hypo-
vascular hypointense nodules on hepatobiliary phase gadoxetic
acid-enhanced MR images in patients with cirrhosis: potential of
DW imaging in predicting progression to hypervascular HCC.
Radiology 2012;265:104-114

Hyodo T, Murakami T, Imai Y, Okada M, Hori M, Kagawa Y,
et al. Hypovascular nodules in patients with chronic liver dis-
ease: risk factors for development of hypervascular hepatocel-
lular carcinoma. Radiology 2013;266:480-490

Kudo M, Matsui O, Izumi N, lijima H, Kadoya M, Imai Y; Liver
Cancer Study Group of Japan. Surveillance and diagnostic
algorithm for hepatocellular carcinoma proposed by the liver
cancer study group of Japan: 2014 update. Oncology 2014;87
Suppl 1:7-21

Irwig L, Tosteson AN, Gatsonis C, Lau J, Colditz G, Chalmers
TC, Mosteller F. Guidelines for meta-analyses evaluating
diagnostic tests. Ann Intern Med 1994;120:667-676

McMahon BJ, Bulkow L, Harpster A, Snowball M, Lanier A,
Sacco F, Dunaway E, et al. Screening for hepatocellular carci-
noma in Alaska natives infected with chronic hepatitis B: a
16-year population-based study. Hepatology 2000;32:842-846
Kew MC. Alpha-fetoprotein. In: Read AE, editor. Modern
trends in gastroenterology. London: Butterworths; 1975. Vol. 5,
p.- 91

Tateishi R, Yoshida H, Matsuyama Y, Mine N, Kondo Y, Omata
M. Diagnostic accuracy of tumor markers for hepatocellular
carcinoma: a systematic review. Hepatol Int 2008;2:17-30
Wong GL, Chan HL, Tse YK, Chan HY, Tse CH, Lo AO, Wong
VW. On-treatment alpha-fetoprotein is a specific tumor marker
for hepatocellular carcinoma in patients with chronic hepatitis B
receiving entecavir. Hepatology 2014;59:986-995

Minami T, Tateishi R, Kondo M, Nakagomi R, Fujiwara N, Sato
M, et al. Serum alpha-fetoprotein has high specificity for the early
detection of hepatocellular carcinoma after hepatitis C virus erad-
ication in patients. Medicine (Baltimore). 2015;94:¢901

Liebman HA, Furie BC, Tong MJ, Blanchard RA, Lo KJ, Lee
SD, et al. Des-gamma-carboxy (abnormal) prothrombin as a
serum marker of primary hepatocellular carcinoma. N Engl J
Med 1984;310:1427-1431

Koike Y, Shiratori Y, Sato S, Obi S, Teratani T, Imamura M,
et al. Des-gamma-carboxy prothrombin as a useful predisposing
factor for the development of portal venous invasion in patients
with hepatocellular carcinoma: a prospective analysis of 227
patients. Cancer 2001;91:561-569

Imamura H, Matsuyama Y, Miyagawa Y, Ishida K, Shimada R,
Miyagawa S, et al. Prognostic significance of anatomical
resection and des-gamma-carboxy prothrombin in patients with
hepatocellular carcinoma. Br J Surg 1999;89:1032-1038

Li C, Zhang Z, Zhang P, Liu J. Diagnostic accuracy of des-
gamma-carboxy prothrombin versus alpha-fetoprotein for hep-
atocellular carcinoma: a systematic review. Hepatol Res
2014;44:E11-E25

Nakamura S, Nouso K, Sakaguchi K, Ito YM, Ohashi Y,
Kobayashi Y, et al. Sensitivity and specificity of des-gamma-
carboxy prothrombin for diagnosis of patients with hepatocel-
lular carcinomas varies according to tumor size. Am J Gas-
troenterol 2006;101:2038-2043

Sato Y, Nakata K, Kato Y, Shima M, Ishii N, Koji T, et al. Early
recognition of hepatocellular carcinoma based on altered pro-
files of alpha-fetoprotein. N Engl J Med 1993;328:1802-1806
Taketa K, Endo Y, Sekiya C, Tanikawa K, Koji T, Taga H, et al.
A collaborative study for the evaluation of lectin-reactive alpha-
fetoproteins in early detection of hepatocellular carcinoma.
Cancer Res 1993;53:5419-5423

Aoyagi Y, Isemura M, Yosizawa Z, Suzuki Y, Sekine C, Ono T,
et al. Fucosylation of serum alpha-fetoprotein in patients with

@ Springer



362

Hepatol Int (2017) 11:317-370

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

primary hepatocellular carcinoma. Biochim Biophys Acta
1985;830:217-223

Kagebayashi C, Yamaguchi I, Akinaga A, Kitano H, Yokoyama
K, Satomura M, et al. Automated immunoassay system for AFP-
L3% using on-chip electrokinetic reaction and separation by
affinity electrophoresis. Anal Biochem 2009;388:306-311

Hsu HC, Cheng W, Lai PL. Cloning and expression of a
developmentally regulated transcript MXR7 in hepatocellular
carcinoma: biological significance and temporospatial distribu-
tion. Cancer Res 1997;57:5179-5184

Zhu ZW, Friess H, Wang L, Abou-Shady M, Zimmermann A,
Lander AD, Korc M, et al. Enhanced glypican-3 expression
differentiates the majority of hepatocellular carcinomas from
benign hepatic disorders. Gut 2001;48:558-564

International Consensus Group for Hepatocellular NeoplasiaThe
International Consensus. Group for Hepatocellular Neoplasia.
Pathologic diagnosis of early hepatocellular carcinoma: a report
of the international consensus group for hepatocellular neopla-
sia. Hepatology 2009;49:658—664

Jia X, Liu J, Gao Y, Huang Y, Du Z. Diagnosis accuracy of
serum glypican-3 in patients with hepatocellular carcinoma: a
systematic review with meta-analysis. Arch Med Res
2014;45:580-588

Dai M, Chen X, Liu X, Peng Z, Meng J, Dai S. Diagnostic value
of the combination of golgi protein 73 and alpha-fetoprotein in
hepatocellular carcinoma: a meta-analysis. PLoS One
2015;10:e0140067

Wan HG, Xu H, Gu YM, Wang H, Xu W, Zu MH. Comparison
osteopontin vs AFP for the diagnosis of HCC: a meta-analysis.
Clin Res Hepatol Clin Res Hepatol Gastroenterol
2014;38:706-714

Liao W, Mao Y, Ge P, Yang H, Xu H, Lu X, Sang X, et al.
Value of quantitative and qualitative analyses of circulating cell-
free DNA as diagnostic tools for hepatocellular carcinoma: a
meta-analysis. Med (Baltimore). 2015;94:¢722

Lin XJ, Chong Y, Guo ZW, Xie C, Yang XJ, Zhang Q, Li SP,
et al. A serum microRNA classifier for early detection of hep-
atocellular carcinoma: a multicentre, retrospective, longitudinal
biomarker identification study with a nested case-control study.
Lancet Oncol 2015;16:804-815

Sassa T, Kumada T, Nakano S, Uematsu T. Clinical utility of
simultaneous measurement of serum high-sensitivity des-
gamma-carboxy prothrombin and Lens culinaris agglutinin
A-reactive alpha-fetoprotein in patients with small hepatocel-
lular carcinoma. Eur J Gastroenterol Hepatol
1999;11:1387-1392

Jungiang L, Yinzhong W, Li Z, Shunlin G, Xiaohui W, Yanan
Z, et al. Gadoxetic acid disodium (Gd-EOBDTPA)-enhanced
magnetic resonance imaging for the detection of hepatocellular
carcinoma: a meta-analysis. J Magn Reson Imaging
2014;39:1079-1087

Matsuda M, Tsuda T, Yoshioka S, Murata S, Tanaka H, Hirooka
M, et al. Incidence for progression of hypervascular HCC in
hypovascular hepatic nodules showing hyperintensity on
gadoxetic acid-enhanced hepatobiliary phase in patients with
chronic liver diseases. Jpn J Radiol 2014;32:405-413

Jang KM, Kim SH, Kim YK, Choi D. Imaging features of
subcentimeter hypointense nodules on gadoxetic acid-enhanced
hepatobiliary phase MR imaging that progress to hypervascular
hepatocellular carcinoma in patients with chronic liver disease.
Acta Radiol 2015;56:526-535

Matsuda M, Ichikawa T, Amemiya H, Maki A, Watanabe M,
Kawaida H, et al. Preoperative gadoxetic Acid-enhanced MRI
and simultaneous treatment of early hepatocellular carcinoma
prolonged recurrence-free survival of progressed hepatocellular

@ Springer

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

carcinoma patients after resection.
2014;2014:641685

Yamashita T, Kitao A, Matsui O, Hayashi T, Nio K, Kondo M,
et al. Gd-EOB-DTPA-enhanced magnetic resonance imaging
and alpha-fetoprotein predict prognosis of early-stage hepato-
cellular carcinoma. Hepatology 2014;60:1674-1685

Park VY, Choi JY, Chung YE, Kim H, Park MS, Lim JS, et al.
Dynamic enhancement pattern of HCC smaller than 3 cm in
diameter on gadoxetic acid-enhanced MRI: comparison with
multiphasic MDCT. Liver Int 2014;34:1593-1602

Yu MH, Kim JH, Yoon JH, Kim HC, Chung JW, Han JK, et al.
Small (<1-cm) hepatocellular carcinoma: diagnostic perfor-
mance and imaging features at gadoxetic acid-enhanced MR
imaging. Radiology 2014;271:748-760

Komatsu N, Motosugi U, Maekawa S, Shindo K, Sakamoto M,
Sato M, et al. Hepatocellular carcinoma risk assessment using
gadoxetic acid-enhanced hepatocyte phase magnetic resonance
imaging. Hepatol Res 2014;44:1339-1346

Kim KA, Kim MJ, Choi JY, Park MS, Lim JS, Chung YE, et al.
Detection of recurrent hepatocellular carcinoma on post-opera-
tive surveillance: comparison of MDCT and gadoxetic acid-
enhanced MRI. Abdom Imaging 2014;39:291-299
Phongkitkarun S, Limsamutpetch K, Tannaphai P, Jatchavala J.
Added value of hepatobiliary phase gadoxetic acid-enhanced
MRI for diagnosing hepatocellular carcinoma in high-risk
patients. World J Gastroenterol 2013;19:8357-8365

Zhao XT, Li WX, Chai WM, Chen KM. Detection of small
hepatocellular carcinoma using gadoxetic acid-enhanced MRI:
is the addition of diffusion-weighted MRI at 3.0T beneficial?
J Dig Dis 2014;15:137-145

Inoue T, Hyodo T, Murakami T, Takayama Y, Nishie A, Higaki
A, et al. Hypovascular hepatic nodules showing hypointense on
the hepatobiliary-phase image of Gd-EOB-DTPA-enhanced
MRI to develop a hypervascular hepatocellular carcinoma: a
nationwide retrospective study on their natural course and risk
factors. Dig Dis 2013;31:472-479

Toyoda H, Kumada T, Tada T, Niinomi T, Ito T, Sone Y, et al.
Non-hypervascular hypointense nodules detected by Gd-EOB-
DTPA-enhanced MRI are a risk factor for recurrence of HCC
after hepatectomy. J Hepatol 2013;58:1174-1180

Ooka Y, Kanai F, Okabe S, Ueda T, Shimofusa R, Ogasawara S,
et al. Gadoxetic acid-enhanced MRI compared with CT during
angiography in the diagnosis of hepatocellular carcinoma. Magn
Reson Imaging 2013;31:748-754

An C, Park MS, Kim D, Kim YE, Chung WS, Rhee H, et al.
Added value of subtraction imaging in detecting arterial
enhancement in small (<3 cm) hepatic nodules on dynamic
contrast-enhanced MRI in patients at high risk of hepatocellular
carcinoma. Eur Radiol 2013;23:924-930

Lee JM, Yoon JH, Joo I, Woo HS. Recent advances in CT and
MR imaging for evaluation of hepatocellular carcinoma. Liver
Cancer 2012;1:22-40

Inoue T, Kudo M, Komuta M, Hayaishi S, Ueda T, Takita M,
et al. Assessment of Gd-EOB-DTPA-enhanced MRI for HCC
and dysplastic nodules and comparison of detection sensitivity
versus MDCT. J Gastroenterol 2012;47:1036—-1047

Eso Y, Marusawa H, Osaki Y. Education and imaging. Hepa-
tobiliary and pancreatic: detection of early hepatocellular car-
cinoma by enhanced magnetic resonance imaging.
J Gastroenterol Hepatol 2012;27:416

Alaboudy A, Inoue T, Hatanaka K, Chung H, Hyodo T, Kumano
S, et al. Usefulness of combination of imaging modalities in the
diagnosis of hepatocellular carcinoma using Sonazoid®-en-
hanced ultrasound, gadolinium diethylene-triamine-pentaacetic
acid-enhanced magnetic resonance imaging, and contrast-

hepatic HPB Surg



Hepatol Int (2017) 11:317-370

363

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

enhanced computed tomography. Oncology 2011;81(Suppl
1):66-72

Golfieri R, Renzulli M, Lucidi V, Corcioni B, Trevisani F,
Bolondi L. Contribution of the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI to Dynamic MRI in the detection of
hypovascular small (<2 cm) HCC in cirrhosis. Eur Radiol
2011;21:1233-1242

Ricke J, Seidensticker M, Mohnike K. Noninvasive diagnosis of
hepatocellular carcinoma in cirrhotic liver: current guidelines
and future prospects for radiological imaging. Liver Cancer
2012;1:51-58

Bota S, Piscaglia F, Marinelli S, Pecorelli A, Terzi E, Bolondi L.
Comparison of international guidelines for noninvasive diag-
nosis of  hepatocellular  carcinoma. Liver  Cancer
2012;1:190-200

Kudo M, Matsui O, Izumi N, Iijima H, Kadoya M, Imai Y, et al.
JSH consensus-based clinical practice guidelines for the man-
agement of hepatocellular carcinoma: 2014 update by the Liver
Cancer Study Group of Japan. Liver Cancer 2014;3:458-468
Sakamoto M, Hirohashi S. Natural history and prognosis of
adenomatous hyperplasia and early hepatocellular carcinoma:
multi-institutional analysis of 53 nodules followed up for more
than 6 months and 141 patients with single early hepatocellular
carcinoma treated by surgical resection or percutaneous ethanol
injection. Jpn J Clin Oncol 1998;28:604-608

Kojiro M. Pathology of hepatocellular carcinoma. In: Okuda K,
Tabor E, editors. Liver Cancer. New York: Churchill Living-
stone; 1997

Tajima T, Honda H, Taguchi K, Asayama Y, Kuroiwa T,
Yoshimitsu K, et al. Sequential hemodynamic change in hepa-
tocellular carcinoma and dysplastic nodules: c¢T angiography
and pathologic correlation. AJR Am J Roentgenol
2002;178:885-897

Hayashi M, Matsui O, Ueda K, Kawamori Y, Gabata T, Kadoya
M. Progression to hypervascular hepatocellular carcinoma:
correlation with intranodular blood supply evaluated with CT
during intraarterial injection of contrast material. Radiology
2002;225:143-149

Kudo M, Hatanaka K, Maekawa K. Newly developed novel
ultrasound technique, defect reperfusion ultrasound imaging,
using sonazoid in the management of hepatocellular carcinoma.
Oncology 2010;78(Suppl 1):40-45

Tada T, Kumada T, Toyoda H, Ito T, Sone Y, Okuda S, et al.
Diagnostic accuracy for macroscopic classification of nodular
hepatocellular carcinoma: comparison of gadolinium ethoxy-
benzyl diethylenetriamine pentaacetic acid-enhanced magnetic
resonance imaging and angiography-assisted computed tomog-
raphy. J Gastroenterol 2015;50:85-94

Joishi D, Ueno A, Tanimoto A, Okuda S, Masugi Y, Emoto K,
et al. Natural course of hypovascular nodules detected on
gadoxetic acid-enhanced MR imaging: presence of fat is a risk
factor for hypervascularization. Magn Reson Med Sci
2013;12:281-287

Motosugi U. Hypovascular hypointense nodules on hepatocyte
phase gadoxetic acid-enhanced MR images: too early or too
progressed to determine hypervascularity. Radiology
2013;267:317-318

Takechi M, Tsuda T, Yoshioka S, Murata S, Tanaka H, Hirooka
M, et al. Risk of hypervascularization in small hypovascular
hepatic nodules showing hypointense in the hepatobiliary phase
of gadoxetic acid-enhanced MRI in patients with chronic liver
disease. Jpn J Radiol 2012;30:743-751

Takayama Y, Nishie A, Nakayama T, Asayama Y, Ishigami K,
Kakihara D, et al. Hypovascular hepatic nodule showing
hypointensity in the hepatobiliary phase of gadoxetic acid-

371.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

enhanced MRI in patients with chronic liver disease: prediction
of malignant transformation. Eur J Radiol 2012;81:3072-3078
Akai H, Matsuda I, Kiryu S, Tajima T, Takao H, Watanabe Y,
et al. Fate of hypointense lesions on Gd-EOB-DTPA-enhanced
magnetic resonance imaging. Eur J Radiol 2012;81:2973-2977
Motosugi U, Ichikawa T, Sano K, Sou H, Onohara K, Muhi A,
et al. Outcome of hypovascular hepatic nodules revealing no
gadoxetic acid uptake in patients with chronic liver disease.
J Magn Reson Imaging 2011;34:88-94

Kumada T, Toyoda H, Tada T, Sone Y, Fujimori M, Ogawa S,
et al. Evolution of hypointense hepatocellular nodules observed
only in the hepatobiliary phase of gadoxetate disodium-en-
hanced MRI. AJR Am J Roentgenol 2011;197:58-63

Laupacis A, Feeny D, Detsky AS, Tugwell PX. How attractive
does a new technology have to be to warrant adoption and uti-
lization? Tentative guidelines for using clinical and economic
evaluations. CMAJ 1992;146:473-481

Sato T, Tateishi R, Yoshida H, Ohki T, Masuzaki R, Imamura J,
et al. Ultrasound surveillance for early detection of hepatocel-
lular carcinoma among patients with chronic hepatitis C.
Hepatol Int 2009;3:544-550

Di Bisceglie AM, Sterling RK, Chung RT, Everhart JE, Dien-
stag JL, Bonkovsky HL, et al. Serum alpha-fetoprotein levels in
patients with advanced hepatitis C: results from the HALT-C
Trial. J Hepatol 2005;43:434-441

Hoshida Y, Nijman SM, Kobayashi M, Chan JA, Brunet JP,
Chiang DY, et al. Integrative transcriptome analysis reveals
common molecular subclasses of human hepatocellular carci-
noma. Cancer Res 2009;69:7385-7392

Paul SB, Gulati MS, Sreenivas V, Madan K, Gupta AK,
Mukhopadhyay S, et al. Evaluating patients with cirrhosis for
hepatocellular carcinoma: value of clinical symptomatology,
imaging and alpha-fetoprotein. Oncology 2007;72(Suppl
1):117-123

Kumada T, Nakano S, Takeda I, Kiriyama S, Sone Y, Hayashi
K, et al. Clinical utility of Lens culinaris agglutinin-reactive
alpha-fetoprotein in small hepatocellular carcinoma: special
reference to imaging diagnosis. J Hepatol 1999;30:125-130
Lok AS, Sterling RK, Everhart JE, Wright EC, Hoefs JC, Di
Bisceglie AM, et al. Des-gamma-carboxy prothrombin and
alpha-fetoprotein as biomarkers for the early detection of hep-
atocellular carcinoma. Gastroenterology 2010;138:493-502
Sterling RK, Jeffers L, Gordon F, Sherman M, Venook AP,
Reddy KR, et al. Clinical utility of AFP-L3% measurement in
North American patients with HCV-related cirrhosis. Am J
Gastroenterol 2007;102:2196-2205

Chang TS, Wu YC, Tung SY, Wei KL, Hsieh YY, Huang HC,
et al. Alpha-fetoprotein measurement benefits hepatocellular
carcinoma surveillance in patients with cirrhosis. Am J Gas-
troenterol 2015;110:836-844

Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of
screening for hepatocellular carcinoma. J Cancer Res Clin Oncol
2004;130:417-422

Lin OS, Keeffe EB, Sanders GD, Owens DK. Cost-effectiveness
of screening for hepatocellular carcinoma in patients with cir-
rhosis due to chronic hepatitis C. Aliment Pharmacol Ther
2004;19:1159-1172

Patel D, Terrault NA, Yao FY, Bass NM, Ladabaum U. Cost-
effectiveness of hepatocellular carcinoma surveillance in
patients with hepatitis C virus-related cirrhosis. Clin Gastroen-
terol Hepatol 2005;3:75-84

Andersson KL, Salomon JA, Goldie SJ, Chung RT. Cost
effectiveness of alternative surveillance strategies for hepato-
cellular carcinoma in patients with cirrhosis. Clin Gastroenterol
Hepatol 2008;6:1418-1424

@ Springer



364

Hepatol Int (2017) 11:317-370

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

Trinchet JC, Chaffaut C, Bourcier V, Degos F, Henrion J,
Fontaine H, et al. Ultrasonographic surveillance of hepatocel-
lular carcinoma in cirrhosis: a randomized trial comparing 3-
and 6-month periodicities. Hepatology 2011;54:1987-1997
El-Serag HB, Davila JA. Surveillance for hepatocellular carci-
noma: in whom and how? Therap Adv Gastroenterol
2011;4:5-10

Sarasin FP, Giostra E, Hadengue A. Cost-effectiveness of
screening for detection of small hepatocellular carcinoma in
western patients with Child-Pugh class A cirrhosis. Am J Med
1996;101:422-434

Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroen-
terology 2004;127:S35-S50

Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R,
Manini M, et al. The natural history of compensated cirrhosis
due to hepatitis C virus: a 17-year cohort study of 214 patients.
Hepatology 2006;43:1303-1310

Trevisani F, Santi V, Gramenzi A, Di Nolfo MA, Del Poggio P,
Benvegnu L, et al. Surveillance for early diagnosis of hepato-
cellular carcinoma: is it effective in intermediate/advanced cir-
rhosis? Am J Gastroenterol 2007;102:2448-2457

Jepsen P, Ott P, Andersen PK, Sgrensen HT, Vilstrup H. Risk
for hepatocellular carcinoma in patients with alcoholic cirrhosis:
a Danish nationwide cohort study. Ann Intern Med
2012;156:841-847, W295

Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, Sterling RK,
Curto TM, et al. Incidence of hepatocellular carcinoma and
associated risk factors in hepatitis C-related advanced liver
disease. Gastroenterology 2009;136:138-148

Martinez SM, Crespo G, Navasa M, Forns X. Noninvasive
assessment of liver fibrosis. Hepatology 2011;53:325-335
Huang CF, Yeh ML, Tsai PC, Hsieh MH, Yang HL, Hsieh MY,
et al. Baseline gamma-glutamyl transferase levels strongly
correlate with hepatocellular carcinoma development in non-
cirrhotic patients with successful hepatitis C virus eradication.
J Hepatol 2014;61:67-74

Huang CF, Yeh ML, Huang CY, Tsai PC, Ko YM, Chen KY,
et al. Pretreatment glucose status determines HCC development
in HCV patients with mild liver disease after curative antiviral
therapy. Med (Baltimore). 2016;95:e4157

Leung C, Yeoh SW, Patrick D, Ket S, Marion K, Gow P, et al.
Characteristics of hepatocellular carcinoma in cirrhotic and non-
cirrhotic non-alcoholic fatty liver disease. World J Gastroenterol
2015;21:1189-1196

Bruno S, Stroffolini T, Colombo M, Bollani S, Benvegnu L,
Mazzella G, et al. Sustained virological response to inter-
feron-alpha is associated with improved outcome in HCV-
related cirrhosis: a retrospective study. Hepatology
2007;45:579-587

Sung JJ, Tsoi KK, Wong VW, Li KC, Chan HL. Meta-analysis:
Treatment of hepatitis B infection reduces risk of hepatocellular
carcinoma. Aliment Pharmacol Ther 2008;28:1067-1077

Song P, Tobe RG, Inagaki Y, Kokudo N, Hasegawa K, Suga-
wara Y, et al. The management of hepatocellular carcinoma
around the world: a comparison of guidelines from 2001 to
2011. Liver Int 2012;32:1053-1063

Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma:
clinical frontiers and perspectives. Gut 2014;63:844-855

Bruix J, Reig M, Sherman M. Evidence-Based Diagnosis,
Staging, and Treatment of Patients With Hepatocellular Carci-
noma. Gastroenterology 2016;150:835-853

Torzilli G, Belghiti J, Kokudo N, Takayama T, Capussotti L,
Nuzzo G, et al. A snapshot of the effective indications and
results of surgery for hepatocellular carcinoma in tertiary
referral centers: is it adherent to the EASL/AASLD

@ Springer

411.

412.

413.

414.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

recommendations?: an observational study of the HCC East-
West study group. Ann Surg 2013;257:929-937

Han KH, Kudo M, Ye SL, Choi JY, Poon RT, Seong J, et al.
Asian consensus workshop report: expert consensus guideline
for the management of intermediate and advanced hepatocellu-
lar carcinoma in Asia. Oncology 2011;81(Suppl 1):158-164
Kokudo N, Hasegawa K, Akahane M, Igaki H, Izumi N, Ichida
T, et al. Evidence-based clinical practice guidelines for hepa-
tocellular carcinoma: the Japan Society of Hepatology 2013
update (3rd JSH-HCC Guidelines). Hepatol Res 2015;45

Kudo M, Kitano M, Sakurai T, Nishida N. General rules for the
clinical and pathological study of primary liver cancer, nation-
wide follow-up survey and clinical practice guidelines: the
Outstanding Achievements of the Liver Cancer Study Group of
Japan. Dig Dis 2015;33:765-770

Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Devel-
opment of Hong Kong Liver Cancer staging system with treat-
ment stratification for patients with hepatocellular carcinoma.
Gastroenterology 2014;146:1691-1700

Korean Liver Cancer Study Group (KLCSG); National Cancer
Center, Korea (NCC). KLCSG-NCC Korea practice guideline
for the management of hepatocellular carcinoma. Gut Liver
2014;9:267-317

Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, et al. Liver transplantation for the treatment of small
hepatocellular carcinomas in patients with cirrhosis. N Engl J
Med 1996;334:693—-699

Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, Venook A,
et al. Liver transplantation for hepatocellular carcinoma:
expansion of the tumor size limits does not adversely impact
survival. Hepatology 2001;33:1394-1403

Toso C, Mazzaferro V, Bruix J, Freeman R, Mentha G, Majno P.
Toward a better liver graft allocation that accounts for candi-
dates with and without hepatocellular carcinoma. Am J Trans-
plant 2014;14:2221-2227

Clavien PA, Lesurtel M, Bossuyt PM, Gores GJ, Langer B,
Perrier A. Recommendations for liver transplantation for hepa-
tocellular carcinoma: an international consensus conference
report. Lancet Oncol 2012;13:e11-e22

Volk ML, Vijan S, Marrero JA. A novel model measuring the
harm of transplanting hepatocellular carcinoma exceeding Milan
criteria. Am J Transplant 2008;8:839-846

Akamatsu N, Sugawara Y, Kokudo N. Living donor liver
transplantation for patients with hepatocellular carcinoma. Liver
Cancer 2014;3:108-118

Fisher RA, Kulik LM, Freise CE, Lok AS, Shearon TH, Brown
RS Jr, et al. Hepatocellular carcinoma recurrence and death
following living and deceased donor liver transplantation. Am J
Transpl 2007;7:1601-1608

Liang W, Wu L, Ling X, Schroder PM, Ju W, Wang D, et al.
Living donor liver transplantation versus deceased donor liver
transplantation for hepatocellular carcinoma: a meta-analysis.
Liver Transpl 2012;18:1226-1236

Xu X, Lu D, Ling Q, Wei X, Wu J, Zhou L, et al. Liver
transplantation for hepatocellular carcinoma beyond the Milan
criteria. Gut 2016;65:1035-1041

Vitale A, Morales RR, Zanus G, Farinati F, Burra P, Angeli P,
et al. Barcelona Clinic Liver Cancer staging and transplant
survival benefit for patients with hepatocellular carcinoma: a
multicentre, cohort study. Lancet Oncol 2011;12:654-662
Hasegawa K, Kokudo N, Makuuchi M, Izumi N, Ichida T, Kudo
M, et al. Comparison of resection and ablation for hepatocellular
carcinoma: a cohort study based on a Japanese nationwide
survey. J Hepatol 2013;58:724-729

Giuliante F, Ardito F, Pinna AD, Sarno G, Giulini SM, Ercolani
G, et al. Liver resection for hepatocellular carcinoma <3 cm:



Hepatol Int (2017) 11:317-370

365

428.

429.

430.

431.

432.

433.

434,

435.

436.

437.

438.

439.

440.

441.

442.

results of an Italian multicenter study on 588 patients. ] Am Coll
Surg 2012;215:244-254

Cucchetti A, Djulbegovic B, Tsalatsanis A, Vitale A, Hozo I,
Piscaglia F, et al. When to perform hepatic resection for inter-
mediate-stage hepatocellular carcinoma. Hepatology
2015;61:905-914

Facciuto ME, Rochon C, Pandey M, Rodriguez-Davalos M,
Samaniego S, Wolf DC, et al. Surgical dilemma: liver resection
or liver transplantation for hepatocellular carcinoma and cir-
rhosis. Intention-to-treat analysis in patients within and outwith
Milan criteria. HPB (Oxford) 2009;11:398-404

Santambrogio R, Kluger MD, Costa M, Belli A, Barabino M,
Laurent A, et al. Hepatic resection for hepatocellular carcinoma
in patients with Child-Pugh’s A cirrhosis: is clinical evidence of
portal hypertension a contraindication? HPB (Oxford).
2013;15:78-84

Silva MF, Sapisochin G, Strasser SI, Hewa-Geeganage S, Chen
J, Wigg AJ, et al. Liver resection and transplantation offer
similar 5-year survival for Child-Pugh-Turcotte A HCC-patients
with a single nodule up to 5 cm: a multicenter, exploratory
analysis. Eur J Surg Oncol 2013;39:386-395

Chua TC, Saxena A, Chu F, Morris DL. Hepatic resection
for transplantable hepatocellular carcinoma for patients
within Milan and UCSF criteria. Am J Clin Oncol
2012;35:141-145

Muscari F, Foppa B, Carrere N, Kamar N, Peron JM, Suc B.
Resection of a transplantable single-nodule hepatocellular car-
cinoma in Child-Pugh class A cirrhosis: factors affecting sur-
vival and recurrence. World J Surg 2011;35:1055-1062
Chapman WC, Klintmalm G, Hemming A, Vachharajani N,
Majella Doyle MB, DeMatteo R, et al. Surgical treatment of
hepatocellular carcinoma in North America: can hepatic resec-
tion still be justified? J Am Coll Surg 2015;220:628-637
Adam R, Bhangui P, Vibert E, Azoulay D, Pelletier G, Duclos-
Vallee JC, et al. Resection or transplantation for early hepato-
cellular carcinoma in a cirrhotic liver: does size define the best
oncological strategy? Ann Surg 2012;256:883-891

Vitale A, Huo TL, Cucchetti A, Lee YH, Volk M, Frigo AC,
et al. Survival benefit of liver transplantation versus resection for
hepatocellular carcinoma: impact of MELD score. Ann Surg
Oncol 2015;22:1901-1907

Proneth A, Zeman F, Schlitt HJ, Schnitzbauer AA. Is resection
or transplantation the ideal treatment in patients with hepato-
cellular carcinoma in cirrhosis if both are possible? A systematic
review and metaanalysis. Ann Surg Oncol 2014;21:3096-3107
Belghiti J, Cortes A, Abdalla EK, Régimbeau JM, Prakash K,
Durand F, et al. Resection prior to liver transplantation for
hepatocellular carcinoma. Ann Surg 2003;238:885-892
Bhangui P, Allard MA, Vibert E, Cherqui D, Pelletier G, Cunha
AS, et al. salvage versus primary liver transplantation for early
hepatocellular carcinoma: do both strategies yield similar out-
comes? Ann Surg 2016;264:155-163

Ishizawa T, Hasegawa K, Aoki T, Takahashi M, Inoue Y, Sano
K, et al. Neither multiple tumors nor portal hypertension are
surgical contraindications for hepatocellular carcinoma. Gas-
troenterology 2008;134:1908-1916

Shindoh J, Makuuchi M, Matsuyama Y, Mise Y, Arita J,
Sakamoto Y, et al. Complete removal of the tumor-bearing
portal territory decreases local tumor recurrence and improves
disease-specific survival of patients with hepatocellular carci-
noma. J Hepatol 2016;64:594-600

Lim KC, Chow PK, Allen JC, Siddiqui FJ, Chan ES, Tan SB.
Systematic review of outcomes of liver resection for early
hepatocellular carcinoma within the Milan criteria. Br J Surg
2012;99:1622-1629

443.

444,

445.

446.

447.

448.

449.

450.

451.

452.

453.

454.

455.

456.

457.

458.

459.

Makuuchi M, Kosuge T, Takayama T, Yamazaki S, Kakazu T,
Miyagawa S, et al. Surgery for small liver cancers. Semin Surg
Oncol 1993;9:298-304

Torzilli G, Makuuchi M, Inoue K, Takayama T, Sakamoto Y,
Sugawara Y, et al. No-mortality liver resection for hepatocel-
lular carcinoma in cirrhotic and noncirrhotic patients: is there a
way? A prospective analysis of our approach. Arch Surg
1999;134:984-992

Lau H, Man K, Fan ST, Yu WC, Lo CM, Wong J. Evaluation of
preoperative hepatic function in patients with hepatocellular
carcinoma  undergoing  hepatectomy. Br J  Surg
1997;84:1255-1259

Kamiyama T, Nakagawa T, Nakanishi K, Kamachi H, Onodera
Y, Matsushita M, et al. Preoperative evaluation of hepatic vas-
culature by three-dimensional computed tomography in patients
undergoing hepatectomy. World J Surg 2006;30:400-409
Makuuchi M, Thai BL, Takayasu K, Takayama T, Kosuge T,
Gunvén P, et al. Preoperative portal embolization to increase
safety of major hepatectomy for hilar bile duct carcinoma: a
preliminary report. Surgery 1990;107:521-527

Sato M, Tateishi R, Yasunaga H, Horiguchi H, Yoshida H,
Matsuda S, et al. Mortality and morbidity of hepatectomy,
radiofrequency ablation, and embolization for hepatocellular
carcinoma: a national survey of 54,145 patients. J Gastroenterol
2012;47:1125-1133

Sugiura N, Takara K, Ohto M, Okuda K, Hirooka N. Ultrasound
image-guided percutaneous intratumor ethanol injection for
small hepatocellular carcinoma. Acta Hepatol Jpn 1983; 24:920
(Japanese)

Livraghi T, Festi D, Monti F, Salmi A, Vettori C. US-guided
percutaneous alcohol injection of small hepatic and abdominal
tumors. Radiology 1986;161:309-312

Shiina S, Yasuda H, Muto H, Tagawa K, Unuma T, Ibukuro K,
et al. Percutaneous ethanol injection in the treatment of liver
neoplasms. AJR Am J Roentgenol 1987;149:949-952

Seki T, Wakabayashi M, Nakagawa T, Itho T, Shiro T, Kunieda
K, et al. Ultrasonically guided percutaneous microwave coagu-
lation therapy for small hepatocellular carcinoma. Cancer
1994;74:817-825

Rossi S, Di Stasi M, Buscarini E, Cavanna L, Quaretti P,
Squassante E, et al. Percutaneous radiofrequency interstitial
thermal ablation in the treatment of small hepatocellular carci-
noma. Cancer J Sci Am 1995;1:73-81

Livraghi T, Goldberg SN, Lazzaroni S, Meloni F, Solbiati L,
Gazelle GS. Small hepatocellular carcinoma: treatment with
radio-frequency ablation versus ethanol injection. Radiology
1999;210:655-661

Shiina S, Teratani T, Obi S, Sato S, Tateishi R, Fujishima T,
et al. A randomized controlled trial of radiofrequency ablation
with ethanol injection for small hepatocellular carcinoma.
Gastroenterology 2005;129:122-130

Ebara M, Okabe S, Kita K, Sugiura N, Fukuda H, Yoshikawa M,
et al. Percutaneous ethanol injection for small hepatocellular
carcinoma: therapeutic efficacy based on 20-year observation.
J Hepatol 2005;43:458-464

Shiina S, Tagawa K, Niwa Y, Unuma T, Komatsu Y, Yoshiura
K, et al. Percutaneous ethanol injection therapy for hepatocel-
lular carcinoma: results in 146 patients. AJR Am J Roentgenol
1993;160:1023-1028

Sung YM, Choi D, Lim HK, Lee WJ, Kim SH, Kim M]J, et al.
Long-term results of percutaneous ethanol injection for the
treatment of hepatocellular carcinoma in Korea. Korean J Radiol
2006;7:187-192

Shiina S, Tateishi R, Imamura M, Teratani T, Koike Y, Sato S,
et al. Percutaneous ethanol injection for hepatocellular

@ Springer



366

Hepatol Int (2017) 11:317-370

460.

461.

462.

463.

464.

465.

466.

467.

468.

469.

470.

471.

472.

473.

474.

475.

carcinoma: 20-year outcome and prognostic factors. Liver Int
2012;32:1434-1442

Livraghi T, Giorgio A, Marin G, Salmi A, de Sio I, Bolondi L,
et al. Hepatocellular carcinoma and cirrhosis in 746 patients:
long-term results of percutaneous ethanol injection. Radiology
1995;197:101-108

Ishii H, Okada S, Nose H, Okusaka T, Yoshimori M, Takayama
T, et al. Local recurrence of hepatocellular carcinoma after
percutaneous ethanol injection. Cancer 1996;77:1792-1796

Di Stasi M, Buscarini L, Livraghi T, Giorgio A, Salmi A, De Sio
I, et al. Percutaneous ethanol injection in the treatment of hep-
atocellular carcinoma. A multicenter survey of evaluation
practices and complication rates. Scand J Gastroenterol
1997;32:1168-1173

Shiina S, Teratani T, Obi S, Hamamura K, Koike Y, Omata M.
Nonsurgical treatment of hepatocellular carcinoma: from per-
cutaneous ethanol injection therapy and percutaneous micro-
wave coagulation therapy to radiofrequency ablation. Oncology
2002;62(Suppl 1):64-68

Lubner MG, Brace CL, Hinshaw JL, Lee FT Jr. Microwave
tumor ablation: mechanism of action, clinical results, and
devices. J Vasc Interv Radiol 2010;21:S192-S203

Lencioni R, Cioni D, Crocetti L, Franchini C, Pina CD, Lera J,
et al. Early-stage hepatocellular carcinoma in patients with cir-
rhosis: long-term results of percutaneous image-guided
radiofrequency ablation. Radiology 2005;234:961-967

Tateishi R, Shiina S, Teratani T, Obi S, Sato S, Koike Y, et al.
Percutaneous radiofrequency ablation for hepatocellular carci-
noma. An analysis of 1000 cases. Cancer 2005;103:1201-1209
Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C,
et al. Sustained complete response and complications rates after
radiofrequency ablation of very early hepatocellular carcinoma
in cirrhosis: is resection still the treatment of choice? Hepatol-
ogy 2008;47:82—-89

Yan K, Chen MH, Yang W, Wang YB, Gao W, Hao CY, et al.
Radiofrequency ablation of hepatocellular carcinoma: long-term
outcome and prognostic factors. Eur J Radiol 2008;67:336-347
Shiina S, Tateishi R, Arano T, Uchino K, Enooku K, Nakagawa
H, et al. Radiofrequency ablation for hepatocellular carcinoma:
10-year outcome and prognostic factors. Am J Gastroenterol
2012;107:569-577

Kim YS, Lim HK, Rhim H, Lee MW, Choi D, Lee WJ, et al.
Ten-year outcomes of percutaneous radiofrequency ablation as
first-line therapy of early hepatocellular carcinoma: analysis of
prognostic factors. J Hepatol 2013;58:89-97

Kitamoto M, Imagawa M, Yamada H, Watanabe C, Sumioka M,
Satoh O, et al. Radiofrequency ablation in the treatment of small
hepatocellular carcinomas: comparison of the radiofrequency
effect with and without chemoembolization. AJR Am J Roent-
genol 2003;181:997-1003

Morimoto M, Numata K, Kondou M, Nozaki A, Morita S,
Tanaka K. Midterm outcomes in patients with intermediate-
sized hepatocellular carcinoma: a randomized controlled trial for
determining the efficacy of radiofrequency ablation combined
with  transcatheter arterial chemoembolization. —Cancer
2010;116:5452-5460

Song MJ, Bae SH, Lee JS, Lee SW, Lee SW, do Song S, You
CR, et al. Combination transarterial chemoembolization and
radiofrequency ablation therapy for early hepatocellular carci-
noma. Korean J Intern Med 2016;31:242-252

Xie H, Wang H, An W, Ma W, Qi R, Yang B, et al. The efficacy
of radiofrequency ablation combined with transcatheter arterial
chemoembolization for primary hepatocellular carcinoma in a
cohort of 487 patients. PLoS One 2014;9:e89081

Kobayashi M, Ikeda K, Kawamura Y, Hosaka T, Sezaki H,
Yatsuji H, et al. Randomized controlled trial for the efficacy of

@ Springer

476.

477.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

hepatic arterial occlusion during radiofrequency ablation for
small hepatocellular carcinoma—direct ablative effects and a
long-term outcome. Liver Int 2007;27:353-359

Scheffer HJ, Nielsen K, de Jong MC, van Tilborg AA, Vieveen
JM, Bouwman AR, et al. Irreversible electroporation for non-
thermal tumor ablation in the clinical setting: a systematic
review of safety and efficacy. J Vasc Interv Radiol
2014;25:997-1011

Lencioni RA, Allgaier HP, Cioni D, Olschewski M, Deibert P,
Crocetti L, et al. Small hepatocellular carcinoma in cirrhosis:
randomized comparison of radio-frequency thermal ablation
versus percutaneous ethanol injection. Radiology
2003;228:235-240

Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Radiofrequency
ablation improves prognosis compared with ethanol injection for
hepatocellular carcinoma < or =4 cm. Gastroenterology
2004;127:1714-1723

Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Randomised
controlled trial comparing percutaneous radiofrequency thermal
ablation, percutaneous ethanol injection, and percutaneous
acetic acid injection to treat hepatocellular carcinoma of 3 cm or
less. Gut 2005;54:1151-1156

Brunello F, Veltri A, Carucci P, Pagano E, Ciccone G, Moretto
P, et al. Radiofrequency ablation versus ethanol injection for
early hepatocellular carcinoma: a randomized controlled trial.
Scand J Gastroenterol 2008;43:727-735

Shibata T, Iimuro Y, Yamamoto Y, Maetani Y, Ametani F, Itoh
K, et al. Small hepatocellular carcinoma: comparison of radio-
frequency ablation and percutaneous microwave coagulation
therapy. Radiology 2002;223:331-337

Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH, Zhang YQ, et al.
A prospective randomized trial comparing percutaneous local
ablative therapy and partial hepatectomy for small hepatocel-
lular carcinoma. Ann Surg 2006;243:321-328

Feng K, Yan J, Li X, Xia F, Ma K, Wang S, et al. A randomized
controlled trial of radiofrequency ablation and surgical resection
in the treatment of small hepatocellular carcinoma. J Hepatol
2012;57:794-802

Fang Y, Chen W, Liang X, Li D, Lou H, Chen R, et al. Com-
parison of long-term effectiveness and complications of
radiofrequency ablation with hepatectomy for small hepatocel-
lular carcinoma. J Gastroenterol Hepatol 2014;29:193-200
Huang J, Yan L, Cheng Z, Wu H, Du L, Wang J, et al. A
randomized trial comparing radiofrequency ablation and surgi-
cal resection for HCC conforming to the Milan criteria. Ann
Surg 2010;252:903-912

Hong SN, Lee SY, Choi MS, Lee JH, Koh KC, Paik SW, et al.
Comparing the outcomes of radiofrequency ablation and surgery
in patients with a single small hepatocellular carcinoma and
well-preserved  hepatic  function. J Clin Gastroenterol
2005;39:247-252

Yamagiwa K, Shiraki K, Yamakado K, Mizuno S, Hori T, Yagi
S, et al. Survival rates according to the Cancer of the Liver
Italian Program scores of 345 hepatocellular carcinoma patients
after multimodality treatments during a 10-year period in a
retrospective study. J Gastroenterol Hepatol 2008;23:482-490
Yamakado K, Nakatsuka A, Takaki H, Yokoi H, Usui M,
Sakurai H, et al. Early-stage hepatocellular carcinoma:
radiofrequency ablation combined with chemoembolization
versus hepatectomy. Radiology 2008;247:260-266

Kim GA, Shim JH, Kim MJ, Kim SY, Won HJ, Shin YM, et al.
Radiofrequency ablation as an alternative to hepatic resection
for single small hepatocellular carcinomas. Br J Surg
2016;103:126-135

Jiang L, Yan L, Wen T, Li B, Zeng Y, Yang J, et al. Comparison
of outcomes of hepatic resection and radiofrequency ablation for



Hepatol Int (2017) 11:317-370

367

491.

492.

493.

494.

495.

496.

497.

498.

499.

500.

501.

502.

503.

504.

505.

hepatocellular carcinoma patients with multifocal tumors
meeting the barcelona-clinic liver cancer stage A classification.
J Am Coll Surg 2015;221:951-961

Kang TW, Kim JM, Rhim H, Lee MW, Kim YS, Lim HK, et al.
Small hepatocellular carcinoma: radiofrequency ablation versus
nonanatomic resection-propensity score analyses of long-term
outcomes. Radiology 2015;275:908-919

Yang HJ, Lee JH, Lee DH, Yu SJ, Kim YJ, Yoon JH, et al.
Small single-nodule hepatocellular carcinoma: comparison of
transarterial chemoembolization, radiofrequency ablation, and
hepatic resection by using inverse probability weighting. Radi-
ology 2014;271:909-918

Cucchetti A, Piscaglia F, Cescon M, Serra C, Colecchia A,
Maroni L, et al. An explorative data-analysis to support the
choice between hepatic resection and radiofrequency ablation in
the treatment of hepatocellular carcinoma. Dig Liver Dis
2014;46:257-263

Zhou Z, Lei J, Li B, Yan L, Wang W, Wei Y, Cheng K. Liver
resection and radiofrequency ablation of very early hepatocel-
lular carcinoma cases (single nodule <2 cm): a single-center
study. Eur J Gastroenterol Hepatol 2014;26:339-344

Tohme S, Geller DA, Cardinal JS, Chen HW, Packiam V, Reddy
S, et al. Radiofrequency ablation compared to resection in early-
stage hepatocellular carcinoma. HPB (Oxford).
2013;15:210-217

Takayama T, Makuuchi M, Hasegawa K. Single HCC smaller
than 2 cm: surgery or ablation? Surgeon’s perspective. J Hepa-
tob Pancreat Sci 2010;17:422-424

Hung HH, Chiou YY, Hsia CY, Su CW, Chou YH, Chiang JH,
et al. Survival rates are comparable after radiofrequency abla-
tion or surgery in patients with small hepatocellular carcinomas.
Clin Gastroenterol Hepatol 2011;9:79-86

Vivarelli M, Guglielmi A, Ruzzenente A, Cucchetti A, Bellusci
R, Cordiano C, et al. Surgical resection versus percutaneous
radiofrequency ablation in the treatment of hepatocellular car-
cinoma on cirrhotic liver. Ann Surg 2004;240:102-107
Guglielmi A, Ruzzenente A, Valdegamberi A, Pachera S,
Campagnaro T, D’Onofrio M, et al. Radiofrequency ablation
versus surgical resection for the treatment of hepatocellular
carcinoma in cirrhosis. J Gastrointest Surg 2008;12:192-198
Gory I, Fink M, Bell S, Gow P, Nicoll A, Knight V, et al.
Radiofrequency ablation versus resection for the treatment of
early stage hepatocellular carcinoma: a multicenter Australian
study. Scand J Gastroenterol 2015;50:567-576

Huang J, Hernandez-Alejandro R, Croome KP, Yan L, Wu H,
Chen Z, et al. Radiofrequency ablation versus surgical resection
for hepatocellular carcinoma in Childs A cirrhotics-a retro-
spective study of 1,061 cases. J Gastrointest Surg
2011;15:311-320

Yun WK, Choi MS, Choi D, Rhim HC, Joh JW, Kim KH, et al.
Superior long-term outcomes after surgery in child-pugh class A
patients with single small hepatocellular carcinoma compared to
radiofrequency ablation. Hepatol Int 2011;5:722-729

Lee YH, Hsu CY, Chu CW, Liu PH, Hsia CY, Huang YH, et al.
Radiofrequency ablation is better than surgical resection in
patients with hepatocellular carcinoma within the Milan criteria
and preserved liver function: a retrospective study using
propensity score analyses. J Clin Gastroenterol 2015;49:242-249
Cucchetti A, Piscaglia F, Cescon M, Colecchia A, Ercolani G,
Bolondi L, et al. Cost-effectiveness of hepatic resection versus
percutaneous radiofrequency ablation for early hepatocellular
carcinoma. J Hepatol 2013;59:300-307

Hasegawa K, Kokudo N, Shiina S, Tateishi R, Makuuchi M.
Surgery versus radiofrequency ablation for small hepatocellular
carcinoma: start of a randomized controlled trial (SURF trial).
Hepatol Res 2010;40:851-852

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

518.

519.

520.

521.

522.

523.

Claudon M, Dietrich CF, Choi BI, Cosgrove DO, Kudo M,
Nolsge CP, et al. Guidelines and good clinical practice recom-
mendations for Contrast Enhanced Ultrasound (CEUS) in the
liver—update 2012: a WFUMB-EFSUMB initiative in cooper-
ation with representatives of AFSUMB, AIUM, ASUM, FLAUS
and ICUS. Ultrasound Med Biol 2013;39:187-210

Kriicker J, Xu S, Venkatesan A, Locklin JK, Amalou H, Glossop
N, et al. Clinical utility of real-time fusion guidance for biopsy
and ablation. J Vasc Interv Radiol 2011;22:515-524
Nakashima T, Kojiro M. Pathologic characteristics of hepato-
cellular carcinoma. Semin Liver Dis 1986;6:259-266

Yamada R, Sato M, Kawabata M, Nakatsuka H, Nakamura K,
Takashima S. Hepatic artery embolization in 120 patients with
unresectable hepatoma. Radiology 1983;148:397-401

Liapi E, Geschwind JF. Transcatheter and ablative therapeutic
approaches for solid malignancies. J Clin Oncol
2007;25:978-986

Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, et al.
Randomized controlled trial of transarterial lipiodol chemoem-
bolization for unresectable hepatocellular carcinoma. Hepatol-
ogy 2002;35:1164-1171

Llovet JM, Real MI, Montana X, Planas R, Coll S, Aponte J,
et al. Arterial embolisation or chemoembolisation versus
symptomatic treatment in patients with unresectable hepatocel-
lular carcinoma: a randomised controlled trial. Lancet
2002;359:1734-1739

Llovet JM, Bruix J. Systematic review of randomized trials for
unresectable hepatocellular carcinoma: chemoembolization
improves survival. Hepatology 2003;37:429—442

Llovet JM, Bruix J. Novel advancements in the management of
hepatocellular carcinoma in 2008. J Hepatol 2008;48(Suppl
1):S20-S37

Kudo M, Okanoue T. Management of hepatocellular carcinoma
in Japan: consensus-based clinical practice manual proposed by
the Japan Society of Hepatology. Oncology 2007;72(Suppl
1):2-15

El-Serag HB, Marrero JA, Rudolph L, Reddy KR. Diagnosis and
treatment of hepatocellular carcinoma. Gastroenterology
2008;134:1752-1763

Caturelli E, Siena DA, Fusilli S, Villani MR, Schiavone G,
Nardella M, et al. Transcatheter arterial chemoembolization for
hepatocellular carcinoma in patients with cirrhosis: evaluation
of damage to nontumorous liver tissue-long-term prospective
study. Radiology 2000;215:123-128

Chan AO, Yuen MF, Hui CK, Tso WK, Lai CL. A prospective
study regarding the complications of transcatheter intraarterial
lipiodol chemoembolization in patients with hepatocellular
carcinoma. Cancer 2002;94:1747-1752

Chung JW, Park JH, Han JK, Choi BI, Han MC, Lee HS, et al.
Hepatic tumors: predisposing factors for complications of tran-
scatheter oily chemoembolization. Radiology 1996;198:33—40
Iwamoto S, Sanefuji H, Okuda K. Angiographic subsegmen-
tectomy for the treatment of patients with small hepatocellular
carcinoma. Cancer 2003;97:1051-1056

Matsui O, Kadoya M, Yoshikawa J, Gabata T, Arai K, Demachi
H, et al. Small hepatocellular carcinoma: treatment with sub-
segmental transcatheter arterial embolization. Radiology
1993;188:79-83

Varela M, Real MI, Burrel M, Forner A, Sala M, Brunet M, et al.
Chemoembolization of hepatocellular carcinoma with drug
eluting beads: efficacy and doxorubicin pharmacokinetics.
J Hepatol 2007;46:474-481

Meza-Junco J, Montano-Loza AJ, Liu DM, Sawyer MB, Bain
VG, Ma M, et al. Locoregional radiological treatment for hep-
atocellular carcinoma; Which, when and how? Cancer Treat Rev
2012;38:54-62

@ Springer



368

Hepatol Int (2017) 11:317-370

524.

525.

526.

527.

528.

529.

530.

531.

532.

533.

534.

535.

536.

537.

538.

Lammer J, Malagari K, Vogl T, Pilleul F, Denys A, Watkinson
A, et al. Prospective randomized study of doxorubicin-eluting-
bead embolization in the treatment of hepatocellular carcinoma:
results of the PRECISION V study. Cardiovasc Intervent Radiol
2010;33:41-52

Cheng AL, Amarapurkar D, Chao Y, Chen PJ, Geschwind JF,
Goh KL, et al. Re-evaluating transarterial chemoembolization
for the treatment of hepatocellular carcinoma: consensus rec-
ommendations and review by an International Expert Panel.
Liver Int 2014;34:174-183

Lee S, Kim BK, Song K, Park JY, Ahn SH, Kim SU, et al.
Subclassification of Barcelona Clinic Liver Cancer B and C
hepatocellular carcinoma: a cohort study of the multicenter
registry database. J Gastroenterol Hepatol 2016;31:842-847
Kim BK, Shim JH, Kim SU, Park JY, do Kim Y, Ahn SH, et al.
Risk prediction for patients with hepatocellular carcinoma
undergoing chemoembolization: development of a prediction
model. Liver Int 2016;36:92-99

Kadalayil L, Benini R, Pallan L, O’Beirne J, Marelli L, Yu D,
et al. A simple prognostic scoring system for patients receiving
transarterial embolisation for hepatocellular cancer. Ann Oncol
2013;24:2565-2570

Park Y, Kim SU, Kim BK, Park JY, do Kim Y, Ahn SH, et al.
Addition of tumor multiplicity improves the prognostic perfor-
mance of the hepatoma arterial-embolization prognostic score.
Liver Int 2016;36:100-107

Hucke F, Pinter M, Graziadei I, Bota S, Vogel W, Muller C,
et al. How to STATE suitability and START transarterial
chemoembolization in patients with intermediate stage hepato-
cellular carcinoma. J Hepatol 2014;61:1287-1296

Ogasawara S, Chiba T, Ooka Y, Kanogawa N, Motoyama T,
Suzuki E, et al. A prognostic score for patients with interme-
diate-stage hepatocellular carcinoma treated with transarterial
chemoembolization. PLoS One 2015;10:e0125244

Sieghart W, Hucke F, Pinter M, Graziadei I, Vogel W, Muller C,
et al. The ART of decision making: retreatment with transarte-
rial chemoembolization in patients with hepatocellular carci-
noma. Hepatology 2013;57:2261-2273

Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M,
Mariani L, et al. Predicting survival after liver transplantation in
patients with hepatocellular carcinoma beyond the Milan crite-
ria: a retrospective, exploratory analysis. Lancet Oncol
2009;10:3543

Bolondi L, Burroughs A, Dufour JF, Galle PR, Mazzaferro V,
Piscaglia F, et al. Heterogeneity of patients with intermediate
(BCLC B) Hepatocellular Carcinoma: proposal for a subclassi-
fication to facilitate treatment decisions. Semin Liver Dis
2012;32:348-359

Parikh ND, Waljee AK, Singal AG. Downstaging hepatocellular
carcinoma: a systematic review and pooled analysis. Liver
Transpl 2015;21:1142-1152

Miller AB, Hoogstraten B, Staquet M, Winkler A. Reporting
results of cancer treatment. Cancer 1981;47:207-214

Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, et al. New guidelines to evaluate the response to
treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the
United States, National Cancer Institute of Canada. J Natl
Cancer Inst 2000;92:205-216

Kim BK, Kim KA, Park JY, Ahn SH, Chon CY, Han KH, et al.
Prospective comparison of prognostic values of modified
Response Evaluation Criteria in Solid Tumours with European
Association for the Study of the Liver criteria in hepatocellular
carcinoma following chemoembolisation. Eur J Cancer
2013;49:826-834

@ Springer

539.

540.

541.

542.

543.

544.

545.

546.

547.

548.

549.

550.

551.

552.

553.

Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,
Burroughs AK, et al. Clinical management of hepatocellular
carcinoma. Conclusions of the Barcelona-2000 EASL confer-
ence. European Association for the Study of the Liver. J Hepatol
2001;35:421-430

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assess-
ment for hepatocellular carcinoma. Semin Liver Dis
2010;30:52-60

Jung ES, Kim JH, Yoon EL, Lee HJ, Lee SJ, Suh SJ, et al.
Comparison of the methods for tumor response assessment in
patients with hepatocellular carcinoma undergoing transarterial
chemoembolization. J Hepatol 2013;58:1181-1187

Shim JH, Lee HC, Kim SO, Shin YM, Kim KM, Lim YS§, et al.
Which response criteria best help predict survival of patients
with hepatocellular carcinoma following chemoembolization? A
validation study of old and new models. Radiology
2012;262:708-718

Gillmore R, Stuart S, Kirkwood A, Hameeduddin A, Woodward
N, Burroughs AK, et al. EASL and mRECIST responses are
independent prognostic factors for survival in hepatocellular
cancer patients treated with transarterial embolization. J Hepatol
2011;55:1309-1316

Arai T, Kobayashi A, Ohya A, Takahashi M, Yokoyama T,
Shimizu A, et al. Assessment of treatment outcomes based on
tumor marker trends in patients with recurrent hepatocellular
carcinoma undergoing trans-catheter arterial chemo-emboliza-
tion. Int J Clin Oncol 2014;19:871-879

Lee YK, Kim SU, Kim do Y, Ahn SH, Lee KH, Lee do Y, et al.
Prognostic value of alpha-fetoprotein and des-gamma-carboxy
prothrombin responses in patients with hepatocellular carcinoma
treated with transarterial chemoembolization. BMC Cancer
2013;13:5

Raoul JL, Sangro B, Forner A, Mazzaferro V, Piscaglia F,
Bolondi L, et al. Evolving strategies for the management of
intermediate-stage hepatocellular carcinoma: available evidence
and expert opinion on the use of transarterial chemoemboliza-
tion. Cancer Treat Rev 2011;37:212-220

Kim HY, Park JW, Joo J, Jung SJ, An S, Woo SM, et al.
Severity and timing of progression predict refractoriness to
transarterial chemoembolization in hepatocellular carcinoma.
J Gastroenterol Hepatol 2012;27:1051-1056

Kudo M, Izumi N, Kokudo N, Matsui O, Sakamoto M, Naka-
shima O, et al. Management of hepatocellular carcinoma in
Japan: Consensus-Based Clinical Practice Guidelines proposed
by the Japan Society of Hepatology (JSH) 2010 updated version.
Dig Dis 2011;29:339-364

Ogasawara S, Chiba T, Ooka Y, Kanogawa N, Motoyama T,
Suzuki E, et al. Efficacy of sorafenib in intermediate-stage
hepatocellular carcinoma patients refractory to transarterial
chemoembolization. Oncology 2014;87:330-341

Arizumi T, Ueshima K, Minami T, Kono M, Chishina H, Takita
M, et al. Effectiveness of sorafenib in patients with transcatheter
arterial chemoembolization (TACE) refractory and intermediate-
stage hepatocellular carcinoma. Liver Cancer 2015;4:253-262
Park JW, Amarapurkar D, Chao Y, Chen PJ, Geschwind JF, Goh
KL, et al. Consensus recommendations and review by an
International Expert Panel on Interventions in Hepatocellular
Carcinoma (EPOIHCC). Liver Int 2013;33(3):327-337
Lencioni R, Llovet JM, Han G, Tak WY, Yang J, Guglielmi A,
et al. Sorafenib or placebo plus TACE with doxorubicin-eluting
beads for intermediate stage HCC: the SPACE trial. J Hepatol
2016;64:1090-1098

Poon RT, Cheung TT, Kwok PC, Lee AS, Li TW, Loke KL,
et al. Hong Kong consensus recommendations on the manage-
ment of hepatocellular carcinoma. Liver Cancer 2015;4:51-69



Hepatol Int (2017) 11:317-370

369

554.

555.

556.

557.

558.

559.

560.

561.

562.

563.

564.

565.

566.

567.

568.

569.

Mazzaferro V, Sposito C, Bhoori S, Romito R, Chiesa C, Morosi
C, et al. Yttrium-90 radioembolization for intermediate-ad-
vanced hepatocellular carcinoma: a phase 2 study. Hepatology
2013;57:1826-1837

Salem R, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK,
Ibrahim S, et al. Radioembolization for hepatocellular carci-
noma using Yttrium-90 microspheres: a comprehensive report of
long-term outcomes. Gastroenterology 2010;138:52-64

Sangro B, Carpanese L, Cianni R, Golfieri R, Gasparini D,
Ezziddin S, et al. Survival after yttrium-90 resin microsphere
radioembolization of hepatocellular carcinoma across Barcelona
clinic liver cancer stages: a European evaluation. Hepatology
2011;54:868-878

Kim do Y, Park BJ, Kim YH, Han KH, Cho SB, Cho KR, et al.
Radioembolization with Yttrium-90 resin microspheres in hep-
atocellular carcinoma: a multicenter prospective study. Am J
Clin Oncol 2015;38:495-501

Schwarz RE, Abou-Alfa GK, Geschwind JF, Krishnan S, Salem
R, Venook AP, et al. Nonoperative therapies for combined
modality treatment of hepatocellular cancer: expert consensus
statement. HPB (Oxford). 2010;12:313-320

Culleton S, Jiang H, Haddad CR, Kim J, Brierley J, Brade A,
et al. Outcomes following definitive stereotactic body radio-
therapy for patients with Child-Pugh B or C hepatocellular
carcinoma. Radiother Oncol 2014;111:412-417

Lanciano R, Lamond J, Yang J, Feng J, Arrigo S, Good M, et al.
Stereotactic body radiation therapy for patients with heavily
pretreated liver metastases and liver tumors. Front Oncol
2012;2:23

Seol SW, Yu JI, Park HC, Lim DH, Oh D, Noh JM, et al.
Treatment outcome of hepatic re-irradiation in patients with
hepatocellular carcinoma. Radiat Oncol J 2015;33:276-283
Liang SX, Zhu XD, Lu HJ, Pan CY, Li FX, Huang QF, et al.
Hypofractionated three-dimensional conformal radiation therapy
for primary liver carcinoma. Cancer 2005;103:2181-2188

Oh D, Lim DH, Park HC, Paik SW, Koh KC, Lee JH, et al.
Early three-dimensional conformal radiotherapy for patients
with unresectable hepatocellular carcinoma after incomplete
transcatheter arterial chemoembolization: a prospective evalu-
ation of efficacy and toxicity. Am J Clin Oncol
2010;33:370-375

Mornex F, Girard N, Beziat C, Kubas A, Khodri M, Trepo C,
et al. Feasibility and efficacy of high-dose three-dimensional-
conformal radiotherapy in cirrhotic patients with small-size
hepatocellular carcinoma non-eligible for curative therapies—
mature results of the French Phase II RTF-1 trial. Int J Radiat
Oncol Biol Phys 2006;66:1152-1158

Voroney JP, Brock KK, Eccles C, Haider M, Dawson LA.
Prospective comparison of computed tomography and magnetic
resonance imaging for liver cancer delineation using deformable
image registration. Int J Radiat Oncol Biol Phys
2006;66:780-791

Choi BO, Jang HS, Kang KM, Lee SW, Kang YN, Chai GY,
et al. Fractionated stereotactic radiotherapy in patients with
primary hepatocellular carcinoma. Jpn J Clin Oncol
2006;36:154-158

Yoon SM, Lim YS, Park MJ, Kim SY, Cho B, Shim JH, et al.
Stereotactic body radiation therapy as an alternative treatment
for small hepatocellular carcinoma. PLoS One 2013;8:¢79854
Takeda A, Sanuki N, Eriguchi T, Kobayashi T, Iwabutchi S,
Matsunaga K, et al. Stereotactic ablative body radiotherapy for
previously untreated solitary hepatocellular carcinoma. J Gas-
troenterol Hepatol 2014;29:372-379

Takeda A, Sanuki N, Tsurugai Y, Iwabuchi S, Matsunaga K,
Ebinuma H, et al. Phase 2 study of stereotactic body radio-
therapy and optional transarterial chemoembolization for

570.

571.

572.

573.

574.

575.

576.

571.

578.

579.

580.

581.

582.

583.

584.

585.

586.

solitary hepatocellular carcinoma not amenable to resection and
radiofrequency ablation. Cancer 2016;122:2041-2049

Chiba T, Tokuuye K, Matsuzaki Y, Sugahara S, Chuganji Y,
Kagei K, et al. Proton beam therapy for hepatocellular carci-
noma: a retrospective review of 162 patients. Clin Cancer Res
2005;11:3799-3805

Sugahara S, Oshiro Y, Nakayama H, Fukuda K, Mizumoto M,
Abei M, et al. Proton beam therapy for large hepatocellular
carcinoma. Int J Radiat Oncol Biol Phys 2010;76:460—466
Hata M, Tokuuye K, Sugahara S, Kagei K, Igaki H, Hashimoto
T, et al. Proton beam therapy for hepatocellular carcinoma with
portal vein tumor thrombus. Cancer 2005;104:794-801

Abe T, Saitoh J, Kobayashi D, Shibuya K, Koyama Y, Shimada
H, et al. Dosimetric comparison of carbon ion radiotherapy and
stereotactic body radiotherapy with photon beams for the treat-
ment of hepatocellular carcinoma. Radiat Oncol 2015;10:187
Hawkins MA, Dawson LA. Radiation therapy for hepatocellular
carcinoma: from palliation to cure. Cancer 2006;106:1653-1663
Wilhelm S, Carter C, Lynch M, Lowinger T, Dumas J, Smith
RA, et al. Discovery and development of sorafenib: a multiki-
nase inhibitor for treating cancer. Nat Rev Drug Discov
2006;5:835-844

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J
Med 2008;359:378-390

Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et al.
Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase III
randomised, double-blind, placebo-controlled trial. Lancet
Oncol 2009;10:25-34

Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher
L, et al. GIDEON (Global Investigation of therapeutic decisions
in hepatocellular carcinoma and Of its treatment with sorafenib):
second interim analysis. Int J Clin Pract 2014;68:609-617
Hollebecque A, Cattan S, Romano O, Sergent G, Mourad A,
Louvet A, et al. Safety and efficacy of sorafenib in hepatocel-
lular carcinoma: the impact of the Child-Pugh score. Aliment
Pharmacol Ther 2011;34:1193-1201

Pressiani T, Boni C, Rimassa L, Labianca R, Fagiuoli S, Sal-
vagni S, et al. Sorafenib in patients with Child-Pugh class A and
B advanced hepatocellular carcinoma: a prospective feasibility
analysis. Ann Oncol 2013;24:406—411

Ogasawara S, Chiba T, Ooka Y, Kanogawa N, Saito T,
Motoyama T, et al. Sorafenib treatment in Child-Pugh A and B
patients with advanced hepatocellular carcinoma: safety, effi-
cacy and prognostic factors. Invest New  Drugs
2015;33:729-739

Kim JE, Ryoo BY, Ryu MH, Chang HM, Suh DJ, Lee HC, et al.
Sorafenib for hepatocellular carcinoma according to Child-Pugh
class of liver function. Cancer Chemother Pharmacol
2011;68:1285-1290

Kim HY, Park JW, Joo J, Kim H, Woo SM, Lee WI, et al.
Worse outcome of sorafenib therapy associated with ascites and
Child-Pugh score in advanced hepatocellular carcinoma. J Gas-
troenterol Hepatol 2013;28:1756-1761

D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic
review of 118 studies. J Hepatol 2006;14:217-231

Wilhelm SM, Dumas J, Adnane L, Lynch M, Carter CA, Schutz
G, et al. Regorafenib (BAY 73-4506): a new oral multikinase
inhibitor of angiogenic, stromal and oncogenic receptor tyrosine
kinases with potent preclinical antitumor activity. Int J Cancer
2011;129:245-255

Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, et al.
Regorafenib for patients with hepatocellular carcinoma who
progressed on sorafenib treatment (RESORCE): a randomised,

@ Springer



370

Hepatol Int (2017) 11:317-370

587.

588.

589.

590.

591.

592.

593.

594.

595.

double-blind, placebo-controlled, phase 3 trial. Lancet
2017;389:56-66

Ogasawara S, Chiba T, Ooka Y, Suzuki E, Inoue M, Wakamatsu
T, et al. Analysis of sorafenib outcome: focusing on the clinical
course in patients with hepatocellular carcinoma. PLoS One
2016;11:e0161303

Kudo M, Lencioni R, Marrero JA, Venook AP, Bronowicki JP,
Chen XP, et al. Regional differences in sorafenib-treated
patients with hepatocellular carcinoma: GIDEON observational
study. Liver Int 2016;36:1196-1205

Cheng AL, Kang YK, Lin DY, Park JW, Kudo M, Qin S, et al.
Sunitinib versus sorafenib in advanced hepatocellular cancer:
results of a randomized phase III trial. J Clin Oncol
2013;31:4067-4075

Johnson PJ, Qin S, Park JW, Poon RT, Raoul JL, Philip PA,
et al. Brivanib versus sorafenib as first-line therapy in patients
with unresectable, advanced hepatocellular carcinoma: results
from the randomized phase III BRISK-FL study. J Clin Oncol
2013;31:3517-3524

Llovet JM, Decaens T, Raoul JL, Boucher E, Kudo M, Chang C,
et al. Brivanib in patients with advanced hepatocellular carci-
noma who were intolerant to sorafenib or for whom sorafenib
failed: results from the randomized phase III BRISK-PS study.
J Clin Oncol 2013;31:3509-3516

Cainap C, Qin S, Huang WT, Chung 1J, Pan H, Cheng Y, et al.
Linifanib versus Sorafenib in patients with advanced hepato-
cellular carcinoma: results of a randomized phase III trial. J Clin
Oncol 2015;33:172-179

Zhu AX, Park JO, Ryoo BY, Yen CJ, Poon R, Pastorelli D,
et al. Ramucirumab versus placebo as second-line treatment in
patients with advanced hepatocellular carcinoma following
first-line therapy with sorafenib (REACH): a randomised,
double-blind, multicentre, phase 3 trial. Lancet Oncol
2015;16:859-870

Zhu AX, Rosmorduc O, Evans TR, Ross PJ, Santoro A, Carrilho
FJ, et al. SEARCH: a phase III, randomized, double-blind,
placebo-controlled trial of sorafenib plus erlotinib in patients
with advanced hepatocellular carcinoma. J Clin Oncol
2015;33:559-566

Zhu AX, Kudo M, Assenat E, Cattan S, Kang YK, Lim HY,
et al. Effect of everolimus on survival in advanced

@ Springer

596.

597.

598.

599.

600.

601.

602.

603.

604.

605.

hepatocellular carcinoma after failure of sorafenib: the
EVOLVE-1 randomized clinical trial. JAMA 2014;312:57-67
Santoro A, Rimassa L, Borbath I, Daniele B, Salvagni S, Van
Laethern JL, et al. Tivantinib for second line treatment of
advanced hepatocellular carcinoma: a randomized, placebo-
controlled phase 2 study. Lancet Oncol 2013;14:55-63

Qin S, Lim HY, Ryoo BY, LiC, Chen W, Cheng AL. Tolera-
bility and activity of tepotinib in Asian patients with advanced
hepatocellular carcinoma (HCC). J Clin Oncol 2016;34 (suppl;
abstr 4072), 2016

Tanwandee T, Sukeepaisarnjaroen W, Chan SL, Choo SP, Han
G, Sriuranpong V, et al. A phase (Ph) II study of the efficacy and
safety of the cMET inhibitor capmatinib (INC280) in patients
(pts) with advanced hepatocellular carcinoma (HCC). J Clin
Oncol 2016;34 (suppl; abstr 4074), 2016

Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA,
Haanen JB, et al. Improved survival with ipilimumab in patients
with metastatic melanoma. N Engl J Med 2010;363:711-723
Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, activity, and immune correlates of
anti-PD-1 antibody in cancer. N Engl J Med 2012;
366:2443-2454

Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE,
Poddubskaya E, et al. Nivolumab versus docetaxel in advanced
squamous-cell non-small-cell lung cancer. N Engl J Med
2015;373:123-135

Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier L,
et al. Pembrolizumab versus ipilimumab in advanced melanoma.
N Engl J Med 2015;372:2521-2532

Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder
JP, et al. Pembrolizumab for the treatment of non-small-cell
lung cancer. N Engl J Med 2015;372:2018-2028

Sangro B, Gomez-Martin C, de la Mata M, Inarrairaegui M,
Garralda E, Barrera P, et al. A clinical trial of CTLA-4 blockade
with tremelimumab in patients with hepatocellular carcinoma
and chronic hepatitis C. J Hepatol 2013;59:81-88

El-Khoueiry AB, Sangro B, Yau T, Crocenzi TS, Kudo M, Hsu
C, et al. Nivolumab in patients with advanced hepatocellular
carcinoma (CheckMate 040): an open-label, non-comparative,
phase 1/2 dose escalation and expansion trial. Lancet 2017
(Epub ahead of print)



	Asia--Pacific clinical practice guidelines on the management of hepatocellular carcinoma: a 2017 update
	Abstract
	Introduction
	Epidemiology and risk factors
	Risk factors for HCC
	HBV
	HCV
	HBV/HCV coinfection
	Alcohol
	Nonalcoholic fatty liver disease (NAFLD)
	Budd--Chiari syndrome
	HCC in other liver diseases
	Host genetics
	Aflatoxin
	Tobacco
	Coffee and tea
	HCC in children

	Epidemiology of HCC in Asia--Pacific countries
	Japan
	India
	Australia
	China
	Hong Kong
	Korea
	New Zealand
	Taiwan
	Iran
	Pakistan
	Vietnam
	Mongolia
	Other countries

	Summary
	Prevention
	Prevention of HBV-related HCC
	Recommendations

	Primary prophylaxis of HBV-related HCC: vaccination to decrease the rate of HBV infection
	Secondary prophylaxis of HBV-related HCC: antiviral treatment to reduce incidence of HCC in chronic HBV infection
	Prevention of HCV-related HCC
	Recommendations

	Prevention of metabolic-related HCC
	Recommendations

	Tertiary prevention
	Recommendations

	Tertiary prevention for HBV-related HCC
	Interferon
	Nucleos(t)ide analogs

	Tertiary prevention of HCV-related HCC
	Interferon
	DAA therapy

	Other tertiary preventions of HCC
	Chemotherapy


	Diagnosis and surveillance
	Ultrasound (US) and contrast-enhanced ultrasound (CEUS)
	Recommendations

	CT and MRI
	Recommendations

	Tumor markers
	Recommendations

	AFP
	Des-gamma-carboxyprothrombin (DCP)
	Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3)
	Glypican-3 (GPC3)
	Other tumor markers
	Combination of tumor markers
	Diagnostic algorithm
	Recommendations

	Surveillance
	Recommendations

	Which modality is to be used for surveillance?
	US
	CT
	MRI
	AFP and other serum markers
	Combination of imaging and serum markers

	Surveillance interval
	Who should be screened and who should not be screened?
	Cirrhotic patients
	Noncirrhotic patients
	Treated chronic viral hepatitis


	Treatments
	Liver resection (LR) and liver transplantation (LT)
	Recommendations

	LR
	LT
	LR versus LT

	Decisions on resectability of HCC
	The perspective of surgeons
	The perspective of hepatologists
	Local ablation
	Recommendations

	Transarterial chemoembolization (TACE)
	Recommendations

	Radiation therapy
	Recommendations

	Indications
	Contraindications
	Efficacy
	3D-CRT
	SBRT
	Charged-particle radiation therapy

	Complications
	Response assessment
	Systemic therapy
	Recommendations

	Sorafenib
	Regorafenib
	Treatment algorithm

	Clinical trials for new compounds on the horizon
	Molecular targeted agents
	Immunotherapy

	Acknowledgements
	References




