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Purpose and Scope
This guidance provides a data-supported approach

to the diagnosis, staging, and treatment of patients diag-
nosed with hepatocellular carcinoma (HCC). A guid-
ance document is different from a guideline. Guidelines
are developed by a multidisciplinary panel of experts
who rate the quality (level) of the evidence and the
strength of each recommendation using the Grading
of Recommendations Assessment, Development, and
Evaluation system (GRADE). A guidance document
is developed by a panel of experts in the topic, and
guidance statements, not recommendations, are put

torward to help clinicians understand and implement
the most recent evidence.

Guidelines for HCC were recently developed accord-
ing to the GRADE approach.! The Guidelines for HCC
were developed using clinically relevant questions, which
were then answered by systematic reviews of the literature,
and followed by data-supported recommendations.”’
The Guidelines focused on surveillance, diagnosis, and
treatment of HCC. However, some areas of HCC lacked
sufficient data to perform systematic reviews, and here
the authors will update the 2010 American Association

for the Study of Liver Diseases (AASLD) Guidelines,(3)
hereto referred as the guidance for HCC.
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Intended for use by health care providers, this guid-
ance is meant to supplement the recently published
HCC Guidelines in order to provide updated infor-
mation on the aspects of clinical care for patients with
HCC. As with other guidance documents, it is not
intended to replace clinical judgment, but rather to
provide general guidance applicable to the majority of
patients. They are intended to be flexible, in contrast to
formal treatment recommendations, and clinical con-
siderations may justify a course of action that differs
from this guidance.

Epidemiology

HCC is now the fifth-most common cancer in the-
world and the third cause of cancer-related mortality
as estimated by the World Health Organization (glo-
bacan.iarc.fr). It is estimated that in 2012, there were
782,000 cases worldwide, of which 83% were diag-
nosed in less developed regions of the world. The an-
nual incidence rates in eastern Asia and Sub-Saharan
Africa exceed 15 per 100,000 inhabitants, whereas fig-
ures are intermediate (between 5 and 15 per 100,000)
in the Mediterranean Basin, Southern Europe, and
North America and very low (below 5 per 100,000)
in Northern Europe.(4) Vaccination against hepati-
tis B virus (HBV) has resulted in a decrease in HCC
incidence in countries where this virus was highly
prevalent.(s) These data suggest that the geographical
heterogeneity is primarily related to differences in the
exposure rate to risk factors and time of acquisition,
rather than genetic predisposition. Studies in migrant
populations have demonstrated that first-generation
immigrants carry with them the high incidence of
HCC that is present in their native countries, but in
the subsequent generations the incidence decreases.®)
The age at which HCC appears varies according to
sex, geographical area, and risk factor associated with
cancer development. In high-risk countries with major
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HBV prevalence, the mean age at diagnosis is usually
below 60 years; however, it is not infrequent to observe
HCC from childhood to early adulthood, underlying
the impact of viral exposures early in life.””) In interme-
diate- or low-incidence areas, most cases appear beyond
60 years of age. In African and Asian countries, the diag-
nosis of HCC at earlier ages is attributed to a synergy
between HBV and dietary aflatoxins, which is thought
to induce mutations in the TP53 gene.®) Other factors
such as insertional mutagenesis and family history could
play a role in the development of HCC at earlier ages.
In all areas, males have a higher prevalence than females,
the sex ratio usually ranging between 2:1 and 4:1, and,
in most areas, the age at diagnosis in females is higher
than in males.””) Sex differences in sex hormones appear
to be important as a risk factor for HCC. Testosterone
is a positive regulator of hepatocyte cell-cycle regulators,
which, in turn, accelerates hepatocarcinogenesis, in
contrast estradiol suppresses cell-cycle regulators thereby
suppressing the development of liver cancer.”

The incidence of HCC has been rapidly rising in
the United States over the last 20 years.(lo) According
to estimates from the Surveillance Epidemiology
End Result (SEER) program of the National Cancer
Institute (NCI), the United States will witness an
estimated 39,230 cases of HCC and 27,170 HCC
deaths in 2016 (seer.cancer.gov). In addition, a recent
study using the SEER registry projects that the inci-
dence of HCC will continue to rise until 2030, with
the highest increase in Hispanics, followed by blacks,
and then whites, with a decrease noted among Asian
Americans. ™

Surveillance
AT-RISK POPULATION

Preexisting cirrhosis is found in more than 80% of in-
dividuals diagnosed with HCC.® Thus, any etiologi-

cal agent leading to chronic liver injury and, ultimately,
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TABLE 1. PATIENTS AT THE HIGHEST RISK FOR HCC

Population Group

Threshold Incidence for
Efficacy of Surveillance

(>0.25 LYG; % per year) Incidence of HCC

Surveillance benefit

Asian male hepatitis B carriers over age 40

Asian female hepatitis B carriers over age 50

Hepatitis B carrier with family history of HCC
African and/or North American blacks with hepatitis B
Hepatitis B carriers with cirrhosis

Hepatitis C cirrhosis

Stage 4 PBC

Genetic hemochromatosis and cirrhosis

Alpha-1 antitrypsin deficiency and cirrhosis

Other cirrhosis

Surveillance benefit uncertain

Hepatitis B carriers younger than 40 (males) or 50 (females)

Hepatitis C and stage 3 fibrosis
NAFLD without cirrhosis

Abbreviation: LYG, life-years gained.

cirrhosis should be considered as a risk factor for HCC.
The major causes of cirrhosis, and hence HCC, are
HBYV, hepatitis C virus (HCV), alcohol, and nonalco-
holic fatty liver disease (NAFLD), but less-prevalent
conditions, such as hereditary hemochromatosis, pri-
mary biliary cholangitis (PBC), and Wilson's disease,
have also been associated with HCC development. As
the obesity epidemic progresses, the number of patients
developir(lé)HCC on the background of NAFLD may
increase.

The decision to enter a patient into a surveillance
program is determined by the level of risk for HCC
while also taking into account the patient's age, over-
all health, functional status, and willingness and ability
to comply with surveillance requirements. The level of
HCC risk, in turn, is indicated by the estimated inci-
dence of HCC. However, there are no experimental data
to indicate the threshold incidence of HCC to trigger
surveillance. Instead, decision analysis has been used to
provide some guidelines as to the incidence of HCC at
which surveillance may become effective. In general,
an intervention is considered effective if it provides an
increase in longevity of around 100 days (i.e., around 3
months)."® Interventions that can be achieved at a cost
of less than approximately USD (U.S. dollars) 50,000/
year of life gained are considered cost-effective."
Several published decision analysis/cost-effectiveness
models for HCC surveillance have reported that sur-
veillance is cost-effective, although in some cases only

0.2 0.4%-0.6% per year
0.2 0.3%-0.6% per year
0.2 Incidence higher than without family history
0.2 HCC occurs at a younger age
0.2-15 3%-8% per year
1.5 3%-5% per year
1.5 3%-5% per year
1.5 Unknown, but probably >1.5% per year
1.5 Unknown, but probably >1.5% per year
1.5 Unknown
0.2 <0.2% per year
1.5 <1.5% per year
1.5 <1.5% per year

marginally so, and most find that the effectiveness of
surveillance depends on the incidence of HCC. For
example, in a theoretical cohort of 5gatio:nts with Child-
Pugh A cirrhosis, Sarasin et all reported that sur-
veillance increased longevity by around 3 months if the
incidence of HCC was 1.5%/year; if the incidence was
lower, surveillance did not prolong survival. Conversely,
Lin et al."® found that surveillance with alpha-feto-
protein (AFP) and ultrasound (US) was cost-effective
regardless of HCC incidence. Thus, although there is
some disagreement between published models, surveil-
lance should be offered for patients with cirrhosis of
varying etiologies when the risk of HCC is 1.5%/year
or greater. Theabove cost-effectiveness analyses, which
were restricted to populations with cirrhosis, cannot
be applied to hepatitis B carriers without cirrhosis. A
cost-effectiveness analysis of surveillance for hepatitis
B carriers using US and AFP levels suggested that sur-
veillance became cost-effective once the incidence of
HCC exceeds 0.2%/year.”)

Table 1 shows the populations at risk for developing
HCC. Incidence rates for HCC among patients with
cirrhosis range from 1% to 8% per year, and precision
tools that better predict the development of HCC in
individual patients are needed. Unfortunately, previ-
ous predictive algorithms based on typical clinical risk
factors, such as age, sex, and degree of liver dysfunc-
tion, have suboptimal performance when externally
validated.?” Recently, a tissue-based gene expression
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profile that predicts clinical progression in persons
with HCV-induced cirrhosis"® and the develop-
ment of HCC in individuals with cirrhosis has been
developed.(19) For the 186-gene expression panel that
predicts clinical progression, classification in the high-
risk group was associated with significantly increased
risks of hepatic decompensation (hazard ratio [HR] =
7.36; P < 0.001), overall death (HR = 3.57; P = 0.002),
liver-related death (HR = 6.49; P < 0.001), and all
liver-related adverse events (HR = 4.98; P < 0.001).1®
For prediction of HCC development, the 186-gene
panel was reduced to a 32-gene signature implemented
on the Nanostring platform. In an independent cohort
of 263 surgically treated, early-stage HCC patients,
the probability of developing HCC was nearly 4-fold
higher in patients with a high-risk prediction score
(41%/year) compared to those with a low-risk predic-
tion score (11%/year)."” This panel looks promising
to better define which patients with cirrhosis are at risk
tor development of HCC; however, it needs validation
in serum as well as in different racial/ethnic groups and
in different etiologies of liver diease before widespread
use. In addition, multiple potential functional bio-
markers have been identified and are currently under-
going validation for early detection and prediction of
HCC. These include the following markers: epithelial
cell adhesion molecule, osteopontin, surface marker
vimentin, transforming growth factor beta/sirtuin, and
DNA repair pathway members. These novel biomark-
ers reflect biological significance in HCC.292

HBV

The evidence linking HBV with HCC is unques-
tioned.* Active viral replication is associated with
higher risk of HCC, and long-standing active infection
with inflammation resulting in cirrhosis is the major
event resulting in increased risk.?**” The incidence of
HCC in inactive HBV carriers without liver cirrhosis
(LC) is less than 0.3% per year. The role of specific
HBV genotypes or mutations in hepatocarcinogenesis
is not well established, especially outside Asia. HBV
DNA integrates into the host cellular genome in the
majority of cases of chronic hepatitis B (CHB) and
induces genetic damage. DNA integration in nontu-
moral cells in patients with HCC suggests that genomic
integration and damage precede the development of
tumor. Thus, infection with HBV may be correlated
with the emergence of HCC even in the absence of
LC. However, most studies does show that the risk of
HCC increases markedly in those with cirrhosis.®®
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HCC incidence among patients without cirrhosis
ranged from 0.1 to 0.8 per 100 person-years whereas
incidence in patients with cirrhosis ranged from 2.2 to
4.3 per 100 person-years. There is strong evidence from
prospective cohort studies that persistent HBV e anti-
gen and high levels of HBV serum DNA increase the
risk of HCC. There is a multiplicative effect of heavy
smoking and alcohol drinking in those with HBV
infection, increasing the risk of HCC 9-fold.*” The
implementation of vaccination against HBV, as well as
antiviral treatment of HBV infection, has resulted in a
significant decrease of HCC incidence,®” proof of the
importance of this virus in the genesis of HCC. Family
history of HCC in patients with CHB are at a sig-
nificantly higher risk for developing HCC and should

undergo surveillance.

HCV

HCV is the most common cause of HCC in Western
countries. Prevalence of HCV in HCC cohorts var-
ies according to the prevelance of HCV within each
geographical area. A large, prospective, popula-
tion-based study evaluated the risk of HCC in patients
with HCV.®? This study included 12,000 men and
described a 20-fold increased risk of HCC in infected
individuals. Case series have suggested that HCC can
develop in HCV-infected patients without cirrhosis,
but HCC incidence in the absence of advanced fibrosis
(AF)isbelow 1% a year.(33) HCC risk sharply increases
after cirrhosis develops, with annual incidence ranging
between 2% and 8%.°% In addition, in patients with
cirrhosis the risk of HCC decreases, but is not com-
pletely eliminated even after a sustained response to
interferon (IFN)-based antiviral treatment.®

Currently, well-tolerated combinations of direct-acting
antivirals (DAAs) have largely replaced IFN-based
therapy. The rates of sustained virological response
(SVR) with combinations of DAAs exceed 950539
Importantly, DAA therapy may lead to decreases in
portal hypertension (PH) and change the natural his-
tory of patients with cirrhosis.*” After initial concern
that the incidence of HCC following successful DAA
therapy appears to be higher than that observed after
IFN therapies, more recent and larger studies have
demonstrated that successful DAA therag%/ is associ-
ated with a 71% reduction in HCC risk.®® However,
patients with cirrhosis have continued risk of HCC,
with HCC being reported even 10 years after SVR.

DAA therapy against HCV infection reduces the
risk of developing HCC. A recent study evaluated DAA
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therapy for those who have already developed HCC.
The single-center study included patients with HCV
infection and treated HCC who achieved a complete
response.®” A total of 58 patients with treated HCC
received DAA and after a median follow-up of 5.7
months; 3 patients died and 16 developed HCC recur-
rence. This study was followed by an analysis of three
prospective French multicenter cohorts of more than
6,000 patients treated with DAA, of which 660 had
curative therapy for HCC.“Y The authors found that
there was no increased risk of HCC recurrence after
DAA treatment when compared to non-DAA-treated
controls. A systematic review performed on a total of
41 studies (n = 13,875 patients) showed no evidence of
increased HCC recurrence risk in patients who achieved
DAA-induced SVR compared to TFN-based SVR.*V
At this time, treating HCV infection should be per-
formed after HCC is completely treated with no evi-
dence of recurrence after an observation period of 3-6
months.*?)

NAFLD

It has been estimated that the world-wide prevalence
of NAFLD is around 25% and it is likely to continue
to increase.*” An association between NAFLD and
HCC is well established."? In a study comparing the
incidence of HCC among patients with HCV infection
and NAFLD,*% 315 patients with cirrhosis secondary
to HCV and 195 with cirrhosis attributed to NAFLD
were followed for a median of 3.2 years. Cumulative
incidence of HCC was 2.6% in the NAFLD group
compared to 4% in the HCV group (P = 0.09). In a
large Japanese study, those with NAFLD and AF had
a 25-fold increase in development of HCC compared
to those without fibrosis.*>) The best available evi-
dence suggests that NAFLD-related cirrhosis is a risk
factor for HCC, but at a lower rate compared to HCV-
related cirrhosis though the annual incidence rate in
nonalcoholic steatohepatitis cirrhosis remains higher
than 1%. HCC has also been observed in NAFLD
patients without cirrhosis, but incidence rates at lower
than 1% a year.*®*”) Additional high-quality prospec-
tive studies are needed to confirm these observations.
Although it is clear that NAFLD portends a lower risk
tor HCC than HBV or HCV, the high prevalence of
NAFLD in the population underlies the importance
of NAFLD in the development of HCC.

The population attributable fraction (PAF) is the
quantifiable contribution of a risk factor to a disease
such as HCC. It is important for pursuing prevention
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of disease or interventions that may reduce disease
burdens. A population-based study of 6,991 patients
with HCC older than 68 years evaluated the PAF.“)
The study showed that eliminating diabetes and obe-
sity has the potential for a 40% reduction in the inci-
dence of HCC, and the impact would be higher than
eliminating other factors, including HCV. Therefore,
targeting the features of metabolic syndrome could be
an important area for the prevention of HCC.

OTHER ETIOLOGIES OF LIVER
DISEASE

Alcohol-related cirrhosis is also associated with the
development of HCC. The proportion of HCC at-
tributed to alcoholic liver disease (ALD) has been
constant, between 20% and 25%.% The risk of HCC
among patients with alcoholic cirrhosis (AC) ranges
from 1.3% to 3% annually.®” The PAF for ALD is es-
timated to be between 13% and 23%, but this effect is
modified by race and sex. Importantly, the effect of al-
cohol as an independent risk factor for HCC is poten-
tiated by the presence of concurrent factors, especially
viral hepatitis.(48) Therefore, cirrhosis related to ALD
remains an important risk factor for developing HCC.

Other causes of cirrhosis can also increase the risk
of HCC. In a population-based cohort of patients
with hereditary hemochromatosis and 5,973 of their
first-degree relatives, the authors found that 62 patients
developed HCC with a standardized incidence ratio
of 21 (95% confidence interval [CI], 16-22).5Y Men
were at higher risk than women, and there was no
incident risk for nonhepatic malignancies. Cirrhosis
from PBC is also an important risk factor. In a study
of 273 patients with cirrhosis from PBC followed up
for 3 years, the incidence rate was 5 .9%.5V In a recent
systematic review, a total of 6,528 patients with auto-
immune hepatitis (AIH) had a median follow-up of
8 years were evaluated for HCC incidence.®? The
pooled incidence rate in the study was 3.1 per 1,000
person-years, indicating that ATH-related cirrhosis is a
risk factor for HCC. In a prospective study of patients
with cirrhosis attributed to alpha-1 antitrypsin defi-
ciency, the annual incidence rate of HCC was 0.9%
after a median follow-up time of 5.2 years.(53)

Given that the goal of HCC surveillance is to improve
survival, this should be performed in patients who are eli-
gible for HCC-related treatments. Therefore, past studies
have suggested that HCC surveillance should be per-
formed in patients with Child A or B cirrhosis, but is not
beneficial in Child C patients outside of liver transplant
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(LT) eligibility. Moreover, if a patient's age, medical
comorbities, or poor performance status (PS; i.e., wheel-
chair bound) are clinically significant, then it is unlikely
that these patients would have a survival benefit from
surveillance for HCC. There are no studies that have
indicated the best surveillance strategy for those on the
LT waiting list, though clearly surveillance for HCC is
indicated given the potential for curative therapy with LI

Pediatric HCC is the second-most common hepatic
malignancy in this population and often occurs in the
absence of cirrhosis. A population-based study identified
218 cases of HCC in a pediatric population aged <18
years, and the overall incidence rate was 0.05 per 100,000
individuals.®¥ Importantly, the authors show that over
the past four decades, the incidence of HCC has remained
stable in this population. HCC has been detected in pedi-
atric patients with HBV, biliary atresia, primary sclerosing
cholangitis, Fanconi's syndrome, hereditary tyrosinemia,
and glycogen storage disease type IA. However, the

annual incidence in these patients appears to be low.
Guidance Statements

e Adult patients with cirrhosis are at the highest
risk for developing HCC and should undergo
surveillance.

e The risk of HCC for patients with HCV-related

cirrhosis who develop SVR after DA A treatment is
lowered, but not eliminated, and therefore patients
with cirrhosis and treated HCV should continue to
undergo surveillance.
The risk of HCC is significantly lower in those
with HCV or NAFLD and no cirrhosis compared
to those with cirrhosis, and surveillance is not rec-
ommended for these patients.

SURVEILLANCE TESTING

1A. The AASLD recommends surveillance of
adults with cirrhosis because it improves overall
survival (OS).
Quality/Certainty of Evidence: Moderate
Strength of Recommendation: Strong
1B. The AASLD recommends surveillance using
US, with or without AFP, every 6 months.
Quality/Certainty of Evidence: Low
Strength of Recommendation: Conditional
1C. The AASLD recommends not performing
surveillance of patients with cirrhosis with Child’s
class C unless they are on the transplant waiting list,
given the low anticipated survival for patients with

Child's C cirrhosis.
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Quality/Certainty of the Evidence: Low

Strength of Recommendation: Conditional
Technical Remarks

1. It is not possible to determine which type of surveillance
test, US alone or the combination of US plus AFP,
leads to a greater improvement in survival.

2. The optimal interval of surveillance ranges from 4 to 8
months.

3. Modification in surveillance strategy based on etiology of
liver diseases or risk-stratification models cannot be rec-
ommended at this time.

Based on a recent systematic review of the available
evidence, the current AASLD Guideline recommends
surveillance for individuals with cirrhosis as shown
in Table 1.%). The modalities recommended for sur-
veillance are liver US with or without AFP every 6
months. US, with or without AFP, is recommended
for surveillance because most of the studies showed
a benefit of the combination of US and AFP in im-
proving 08.5) Comparing AFP and US is not possi-
ble in the current available studies, and future studies
should evaluate the true complementary nature of US
and AFP. A recent study showed that the harms of
surveillance (mostly related to false positives and in-
determinate tests) were more often associated with US
when compared to AFP.5% Tt has been estimated that
20% of US are classified as inadequate for surveillance,
and alternative surveillance modalities may be needed
in those with inadequate surveillance US such as in
obesity, alcohol, and NAFLD-related cirrhosis.®”

Recently, guidelines have been developed for how
surveillance US exams should be performed, inter-
preted, and reported.(sg) In this system, an US exam
is considered negative if there are no focal abnormal-
ities or if only definitely benign lesions such as cysts
are identified. An exam is considered nondiagnostic if
there are lesions measuring <10 mm that are not defi-
nitely benign. An exam is considered positive if there
are lesions measuring >10 mm. A 10-mm threshold
is used because lesions <10 mm are rarely malignant.
Even if malignant, such nodules are difficult to diag-
nose reliably because of their small size and, so long
as the patient is in regular surveillance, they may be
followed safely. By comparison, lesion(s) 210 mm have
a substantial likelihood of being malignant,®” they are
easier to diagnose reliably, and there is greater risk of
harm from delaying the diagnosis.

AFP is considered positive if its value is >20 ng/mL
and negative if lower. Based on receiver operating curve
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analysis, this threshold provides a sensitivity of around
60% and a specificity of around 909%.0 Assuming a
5% prevalence of HCC (around that expected in the
HCC surveillance population), this is expected to pro-
vide 25% positive predictive value for HCC. Moreover,
the addition of AFP is expected to increase the sensi-
tivity of surveillance US, although the magnitude of
the incremental gain is not yet known. More recent
data suggest that longitudinal changes in AFP may
increase sensitivity and specificity than AFP inter-
preted at a single threshold of 20 ng/mL.“" Other
suggested strategies to increase AFP accuracy have
included use of different cutoffs by cirrhosis etiology
and AFP-adjusted algorithms.®?

In addition to AFP, a number of other biomarkers
have been evaluated for surveillance. These include the
Lens culinaris lectin-binding subfraction of the AFP,
or AFP-L.3%, which measures a subfraction of AFP
shown to be more specific, although generally less sen-
sitive than the AFP,®® and des gamma carboxy pro-
thrombin (DCP), also called protein induced by vitamin
K absence/antagonist-11, a variant of prothrombin that
is also specifically groduced at high levels by a propor-
tion of HCCs.®**”) These biomarkers are U.S. Food
and Drug Administration (FDA) approved for risk
stratification, but not HCC surveillance, in the United
States. In the past few years, a diagnostic model has
been proposed that incorporates the levels of each of
the three biomarkers, AFP, AFP-L3%, and DCP, along
with patient sex and age, into the Gender, Age, AFP-
L3%, AFP, and DCP (GALAD) model.*® GALAD
has been shown to be promising in phase II (case-con-
trol) biomarker studies, but still requires phase III and
IV studies to evaluate its performance in large cohort
studies.

There is also active development of novel cancer
biomarker assays, including assays for cancer-specific
DNA mutations, differentially methylated regions of
DNA, microRNAs, long noncoding RNAs, native and
posttranslationally modified proteins, and biochemical
metabolites. Recent results suggest that there is differ-
ential expression of many biomolecules in exosomes

released from tumor cells compared to those from nor-
mal cells.”

The NCI's Early Detection Research Network has
provided a §uide tor the clinical development of sur-
veillance.” Therefore, the prospective-specimen-col-
lection, retrospective blind evaluation (PRoBE) design
is recommended for developing new biomarkers as
clinical tools, including the ones discussed above,
before a recommendation to their use be given.
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Despite their high diagnostic performance,
cross-sectional, multiphase, contrast-enhanced com-
puted tomography (CT) or magnetic resonance
imaging (MRI) are not recommended for HCC
surveillance given the paucity of data on their effi-
cacy and cost-effectiveness. However, a recent cohort
study of 407 patients with cirrhosis compared US
to MRI (liver-specific contrast) for the surveillance
of HCC."V A total of 43 patients developed HCC,
with 1 detected by US only, 26 by MRI alone, 11 by
both, and 5 missed by both modalities. MRI had a
lower false-positive rate compared to US (3 vs. 5.6%;
P =0.004). This is a provocative study that requires
turther validation as the primary surveillance test.
Future studies should evaluate whether surveillance
MRI may be better suited in those in which US's per-
formance will be suboptimal because of body habitus
or other criteria. To maximize the value of cross-sec-
tional MRI while minimizing contrast exposure,
scanning time, and cost, abbreviated MRI examina-
tion protocols have been developed and are being
tested. "7 The abbreviated protocols typically
include T1-weighted imaging obtained in the hepa-
tobiliary phase post—gadoxetate disodium injection,
often supplemented with T2-weighted imaging and
diffusion-weighted imaging. These protocols achieve
sensitivities of 80%-90% and specificities of 91%-
98% in small cohort studies. Ongoing studies may
clarify the most appropriate niche for cost-effective
and safe use of CT and MRI, including abbreviated
MRI protocols, perhaps particularly in those settings
where US performs the least reliably, such as in indi-
viduals with truncal obesity or marked parenchymal
heterogeneity attributed to cirrhosis.

Guidance Statements

¢ Novel biomarkers, outside of AFP, have shown
promising results in case-control studies, but re-
quire further evaluation in phase III and IV bio-
marker studies before routine use.

e CT and MRI are not recommended as the primary
modality for the surveillance of HCC in patients
with cirrhosis. However, in select patients with a
high likelihood of having an inadequate US or if
US is attempted but inadequate, CT or MRI may
be utilized.

Diagnosis

2. The AASLD recommends diagnostic eval-
uation for HCC with either multiphase CT or
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SURVEILLANCE Surveillance ultrasound with or without AFP
Y
Interpretation
Subthreshold
{< 10 mm lesicns)
Y Y
Repeat US Repeat US
with or without AFP with or without AFP
in 6 mo in 3-6 mo
DIAGNOSIS

Diagnostic imaging for HCC with multiphase CT or MRI

No abservation
detected

Negative LI-RADS NC
No Nor b
Y A4 Y Y
Returnto Repeat or Retumn 1o Returnto
surveillance in 6 mo alternative surveillance surveillance

diagnostic imaging
ins3mo

imaging in 6 mo imaging in 6 mo

Consider repeat
diagnostic imaging
in<8mo

Footnotes

a. Multiphase CT or MRI in select patients

Interpretation

Categorize each
observation detected

LI-RADS 3
Intermediate

U

Y

Repeat or
alternative
diagnostic imaging
in 3-6 mo

HCC confirmed

Recommend
multidisciplinary
discussion for
tailored workup that
may include biopsy
(most cases), or
repeat or alternative
diagnostic imaging
ins3mo

|
If biopsy

Recommend
multidisciplinary
discussion for
tailored workup that
may include biopsy
(sefect cases), or
repeat or alternative
diagnostic imaging
in£3mo

If biopsy

Pathelogy

diagnosis

Some high-risk patients may undergo multiphase CT or MRI for HCC surveillance (depending on patient body habitus, visibility of liver at ultrasound,
being on the transplant waiting list and other factors).

b. Noncategorizable

These are due to technical problem such as image omission or severe degradation

FIG. 1. AASLD surveillance and diagnostic algorithm.

multiphase MRI because of similar diagnostic per-
formance characteristics.
Quality/Certainty of Evidence: Low for CT ver-
sus MRI
Strength of Recommendation: Strong
3A. AASLD suggests several options in patients
with cirrhosis and an indeterminate nodule, includ-
ing follow-up imaging, imaging with an alternative
modality or alternative contrast agent, or biopsy, but
cannot recommend one option over the other.
Quality/Certainty of Evidence: Very low
Strength of Recommendation: Conditional
3B. The AASLD suggests against routine biopsy
of every indeterminate nodule.
Quality/Certainty of Evidence: very low
Strength of Recommendation: conditional
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Technical Remarks

1. The selection of the optimal modality and contrast
agent for a particular patient depends on multiple
factors beyond diagnostic accuracy. These include mo-
dality availability, scan time, throughput, scheduling
backlog, institutional technical capability, exam costs
and charges, radiologist expertise, patient preference,
and safety considerations.

2. All studies were performed at academic centers. Because
of the greater technical complexity of multiphasic MRI
compared to multiphasic CT, generalizability to practices
without liver MRI expertise is not yet established.

3. Biopsy may be required in selected cases, but its routine
use is not suggested. Biopsy has the potential to establish
a timely diagnosis in cases in which a diagnosis is re-
quired to affect therapeutic decision making; however,
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TABLE 2. LI-RADS 5 CRITERIA

Size Criteria Comments
>20 mm APHE (nonrim) AND one or more of following: Equivalent to OPTN 5B or 5X
* “Washout” (nonperipheral)
« Enhancing “capsule”
« Threshold growth
10-19 m APHE (nonrim) AND the following: Equivalent to OPTN 5A
* “Washout” (nonperipheral)
« Enhancing “capsule”
« Threshold growth
APHE (nonrim) Equivalent to 2010 AASLD criteria
AND "Washout” (nonperipheral)
APHE (nonrim) Equivalent to OPTN 5A-5G
AND threshold growth
Threshold growth = size increase of a mass by = 50% in < 6 months; “Washout” = washout appearance; “Capsule” = capsule
appearance.

Abbreviation: APHE, arterial phase hyperenhancement.

biopsy has a risk of bleeding, tumor seeding, and the pos-
sibility that a negative biopsy is attributed to the failure
to obtain tissue representative of the nodule rather than a
truly benign nodule.

IMAGING

Imaging plays a critical role in HCC diagnosis.
Unlike most solid cancers, the diagnosis of HCC
can be established, and treatment rendered, based
on noninvasive imaging without biopsy confirma-
tion. Even when biopsy is needed, imaging usually
is required for guidance. AFP and other serum bio-
markers generally have a minor role in the diagnosis
of HCC.

The diagnostic evaluation for HCC is discussed
in Fig. 1. In at-risk patients with abnormal surveil-
lance test results or a clinical suspicion of HCC,
multiphase CT or MRI is recommended for initial
diagnostic testing. Since 2011, the American College
of Radiology has published guidelines for how mul-
tiphase CT and MR exams should be performed,
interpreted, and reported through its CT/MRI Liver
Imaging Re;)orting And Data System (CT/MRI
LI-RADS)."

In the Liver Imaging Reporting and Data System
(LI-RADS) system, observations (i.e., lesions or
pseudolesions) >10 mm visible on multiphase exams
are assigned category codes reflecting their relative
probability of being benign, HCC, or other hepatic
malignant neoplasm (e.g., cholangiocarcinoma [CCA]
or combined HCC-CCA).LI-RADS 1 and LI-RADS
2 indicate definitely and probably benign, respectively.

Definitely benign observations include cysts and typ-
ical hemangiomas. Probably, benign observations
include atypical hemangiomas and focal parenchy-
mal abnormalities likely attributable to underlying
cirrhosis. LI-RADS 3 indicates a low probability of
HCC. One common example is a small nodular area
of arterial phase hyperenhancement, which is not
present on other phases. The differential diagnosis
includes both benign and malignant entities, such as,
respectively, vascular pseudolesions (usually attributed
to arterioportal shunts) and small HCCs. Another
example is a distinctive solid nodule with some, but
not all, the imaging features present for HCC diagno-
sis. LI-RADS 4 indicates probable HCC. An exam-
ple is a 22-cm encapsulated lesion with arterial phase
hyperenhancement, but without “washout.” Another
example is a 22-cm lesion that enhances to the same
degree as liver in the arterial phase, but enhances less
(i.e.,is hypoenhanced) in the postarterial phases. HCC
is probable, but not definite, in these two examples,
given that the differential diagnosis includes dysplas-
tic nodule, other benign entities, and rarely non-HCC
malignant neoplasms. LI-RADS 5 indicates definite
HCC. Importantly, the LI-RADS 5 criteria are con-
sistent with Organ Procurement and Transplantation
Network (OPTN) Class 5 criteria and with the 2011
AASLD criteria as shown in Table 2. Several ancillary
imaging features, such as T2 hyperintensity, diffusion
restriction, and excess intralesional fat, can increase the
radiologist's confidence of HCC, but cannot, in the
absence of the major features, establish the diagnosis.
Biopsy is not needed to confirm the diagnosis of HCC
in these cases. LI-RADS M is assigned to observations
with features highly suggestive or even diagnostic of
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malignancy, but not specific for HCC. Examples of
such features include rim arterial phase hyperenhance-
ment, peripheral washout appearance, delayed central
enhancement, targetoid diffusion restriction, and—if a
hepatobiliary agent is given—targetoid appearance in
the hepatobiliary phase. These features are character-
istic of intrahepatic CCA (ICC), but can be observed
atypically in HCC. Thus, lesions with these types of
teatures should be considered malignant and a biopsy
should be performed for the diagnosis in most cases,
unless such information would not affect management.

The probability of HCC and other malignancy asso-
ciated with each LI-RADS category informs the best
approach to a hepatic lesion.”*V For a LI-RADS 1
observation, the probability of HCC is 0%. LI-RADS
2 obsevations have an average probability of HCC of
11%.76778080  J_.RADS 3 obsevations have an aver-
age probability of 33% for HCC."®778%80 A [ I-RADS
4 lesion has an average probability of HCC of 80%
(64%—87%).(76778’80’81) A LI-RADS 5 lesion hasan
average probability of HCC of 96% (95%-99%).7¢"5)
Of the LI-RADS M lesions evaluated, 42% had HCC
and 57% had another tumor besides HCC.7¢77:8081

Another important consideration is the cumu-
lative incidence of progression of untreated obser-
vations.®*®) Of the LI-RADS 1 lesions followed
prospectively, none became HCC or other malignan-
cies. Of the LI-RADS 2 lesions, only 0%-6% were
diagnosed as HCC or other malignancy by 24 months
of follow-up. Of the LI-RADS 3 lesions followed pro-
spectively, 6%-15% were diagnosed as HCC or other
malignancy by 24 months. Importantly, 46%-68% of
LI-RADS 4 lesions followed prospectively were diag-
nosed as HCC or other malignancy by 24 months.

If diagnostic CT or MRI is done and no lesion is
identified or only LI-RADS 1 or 2 observations are
found, then the best intervention in most cases is
for patients to return to US-based surveillance. For
LI-RADS 2 obervations, follow-up CT or MRI in
around 6 months or less may be considered instead of
US because a small, but nonzero, proportion of such
lesions are HCC if sampled histologically or prog-
ress to HCC during follow-up if untreated. If the
diagnostic CT or MRI shows an abnormality that is
not categorizable, the best intervention is to repeat
the diagnostic test or use an alternative diagnostic
test (e.g., MRI if CT initially performed). An abnor-
mality is considered not categorizable if, because of
omission or severe degradation of dynamic imaging
phases, it cannot be assessed as more likely benign or
malignant. Approximately one third of histologically
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sampled LI-RADS 3 observations are HCC and up to
15% of untreated LI-RADS 3 observations eventually
become LI-RADS 5 within 2 years of follow-up. Such
observations >10 mm merit close monitoring with fol-
low-up CT or MRI in 6 months rather than return to
US-based surveillance. The duration of the close mon-
itoring period has not been studied, but a maximum
of 18 months is reasonable. Around 80% of histolog-
ically sampled LI-RADS 4 observations are HCC,
with another 3% being non-HCC malignancy and up
to 68% of untreated LI-RADS 4 observations eventu-
ally become LI-RADS 5 within 2 years of follow-up.
Therefore, reasonable options for LI-RADS 4 obser-
vations are biopsy if such a procedure is feasible and if
the histological information will impact patient man-
agement, or to repeat the imaging in a short time frame
of around 3 months. LI-RADS 5 connotes diagnostic
certainty for HCC, and biopsy is usually not necessary
for confirmation. Similarly, almost all LI-RADS M
lesions are malignant, but biopsy is recommended to
establish the exact diagnosis. It is important to stress
the importance of a multidisciplinary team for all liver
lesions, but particularly for LI-RADS 4 and LI-RADS
M lesions measuring 1 cm or more in diameter, to
develop patient-tailored approaches.

Another challenge is lesions with macrovascular
invasion. Although HCC is the most common hepatic
tumor associated with tumor in vein, the differential
diagnosis includes ICC and rarely other malignancies.
Because imaging criteria to distinguish HCC with
tumor in vein from other cancers with tumor in vein
have not been developed, multidisciplinary discussion
is recommended to individualize the workup for the
management of these patients.

The AASLD recommends multiphase CT or mul-
tiphase MRI for the diagnostic evaluation of patients
with HCC because of similar performance character-
istics.?) A recent meta-analysis reported sensitivity of
MRI with extracelluar or hepatobiliary agents for HCC
diagnosis exceeds that of CT.® However, the advan-
tage is not sufficient to definitively recommend MRI
over CT, given that the quality of the reviewed evi-
dence was low and so many factors beyond diagnostic
performance are relevant to modality selection in indi-
vidual patients. For MRI, two types of contrast agents
are available. Analogous to those used in CT, extracel-
lular MRI agents detect and characterize lesions based
mainly on blood flow. By comparison, hepatobiliary
agents provide information on hepatocellular function
in addition to blood flow. There currently is insufficient
evidence to recommend one contrast agent type over
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the other. In the absence of evidence to recommend
a particular method, practitioners are encouraged to
select the modality and contrast agent type that, in
their judgment, will be best in individual patients.
Relevant factors may include the following: patient
preference; other patient factors: breath-holding abil-
ity, claustrophobia, presence of ascites, presence and
degree of MRI contraindications, presence and degree
of renal failure, and history of past contrast reactions
to iodinated (CT) or gadolinium-based (MRI) agents;
and institutional factors: quality of equipment, radiol-
ogist expertise, and scheduling availability. Institutions
are encouraged to develop their own approach through
multidisciplinary discussion and consensus.

It should be emphasized that the interpretation and
accuracy of diagnostic tests such as multiphase CT and
MRI depends on the pretest probability of disease. In
high-risk populations, such tests permit noninvasive
confirmation of HCC. In populations without cirrhosis,
such tests usually lack this capability. Congenital hepatic
fibrosis and uncommon vascular forms of PH (Budd-
Chiari, hereditary hemorrhagic telangietasia, cardiac
cirrhosis, nodular regenerative hyperplasia, chronic
occlusion, or congenital absence of the portal vein) may
be associated with benign hyperplastic nodules with
imaging features that overlap those of HCC®; it is not
known whether imaging can reliably diagnose HCC in
patients with these forms of cirrhosis, and biopsy may be
needed to evaluate suspicious lesions in affected patients.

Another method that may be used for HCC diag-
nosis in expert centers is contrast-enhanced ultrasound
(CEUS). A recent meta-analysis of CEUS for HCC
showed a pooled sensitive of 85% (95% CI, 84-85) and
a specificity of 91% (95% ClI, 90-92).%®) However, the
meta-analysis noted significant issues, including small
cohort sizes, potential selection bias for patients with
adequate quality USs, lack of generalizability with dif-
ferences of studies in Asia versus Western countries,
and publication bias. It is also unknown whether these
results would be replicated outside of expert centers
given the operator dependent nature of ultrasonogra-
phy. Prospective studies in U.S. populations are needed
to independently verify these results and further assess

the role of CEUS in the diagnosis of HCC.

PATHOLOGY

Liver biopsy should be considered in patients with a
liver mass whose appearance is not typical for HCC on
contrast-enhanced imaging, especially for observations

categorized as LR-4 or LR-M. A high-grade dysplastic
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nodule is characterized by the presence of cytologic atypia
and architectural changes, but the atypia is insufficient
for a diagnosis of HCC. They often exhibit a combina-
tion of increased cell density, irregular trabeculae, small
cell change, and unpaired arteries, but should not have
id f stromal invasion.®” Immunostaining for

any evidence o g
keratins 7 or 19 may be used in difficult cases to dif-
ferentiate stromal invasion versus ductular reaction and
pseudoinvasion. Reliable criteria for the pathological di-
agnosis of HCC has been developed by experts.””

Staining for several biomarkers, including glypi-
can-3 (GPC3), heat shock protein 70 (HSP70), and
glutamine synthetase (GS), on histology has been pro-
posed to help distinguish HCC from high-grade dys-
plastic nodules (HepaTOLOGY 2007;45:725-734). The
diagnostic accuracy of a panel of these three markers
was assessed among a cohort of 186 patients with
regenerative nodules (n = 13), low-grade dysplastic
nodules (n = 21), high-grade dysplastic nodules (n =
50), very well-differentiated HCC (n = 17), well-dif-
terentiated HCC (n = 40), and poorly-differentiated
HCC (n = 35).°Y When at least two of the markers
were positive, the overall accuracy for HCC detection
was 78.4%, with 100% specificity. This panel was sub-
sequently prospectively validated among a cohort of
60 patients who underwent biopsy for liver nodules
smaller than 2 cm.®? When at least two of the markers
were positive, the sensitivity and specificity were 60%
and 100%, respectively. Further studies are needed to
determine the additive value of these markers over rou-
tine hematoxylin and eosin interpretation.

Guidance Statements

e Alesion of >1 cm on US should trigger recall proce-
dures for the diagnosis of HCC. If using AFP with
US, then an AFP 520 ng/mL should trigger recall
procedures for diagnosis of HCC.

 Stringent criteria on multiphase imaging should be
applied to enable noninvasive diagnosis of HCC in
high-risk patients. For multiphase CT and MRI,
key imaging features include size 21 c¢m, arterial
phase hyperenhancement, and, depending on exact
size, a combination of washout, threshold growth,
and capsule appearance. If these criteria are not
present but HCC or other malignancy is considered
probable, then a liver biopsy should be considered
for diagnosis.

e Diagnosis of HCC cannot be made by imaging in
patients without cirrhosis, even if enhancement
and washout are present, and biopsy is required in
these cases.

* Histological markers GPC3, HSP70, and GS can
be assessed to distinguish high-grade dysplasia
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HCC

+
Child-Pugh A, Child-Pugh A-B

Single<2cm

ECOG PS 0-1 / 1 \ l

Single or Multinodular, Portal Vein Any T,NorM,
2-3 nodules ECOG PS 0-1 invasion, ECOGPS >2
<3cm, N1, M1,
ECOG PS 0-1 ECOG PS 0-2 l

Very early Early Intermediate Advanced Terminal
Stage 0 Stage A Stage B Stage C Stage D
FIG. 2. BCLC HCC staging system. Abbreviations: N, nodal

metastasis; M, extrahepatic metastasis.

Child-Pugh C

from HCC on histology if HCC cannot be diag-
nosed based on routine histology.

Staging

Given that cirrhosis underlies HCC in most of the pa-
tients, prognosis depends not only on tumor burden,
but also on the degree of liver dysfunction and the
patient's PS. In the majority of solid tumors, staging
is determined at the time of surgery by pathological
examination of resected specimens, leading to the tu-
mor-node-metastasis (TNM) classification. However,
the TNM staging system fails to account for the degree
of liver dysfunction and patient PS, which determine
the feasibility of treatment and need to be considered
in making clinical decisions for patients with HCC.
Several alternative staging systems have been pro-
posed, including the Barcelona Clinic Liver Cancer
(BCLC), Cancer of the Liver Italian Program, Japan
Integrated Staging, Chinese University Prognostic
Index, among others.”®

Although there is not one universally accepted stag-
ing system, the BCLC (Fig. 2) may offer the most prog-
nostic information because it includes an assessment
of tumor burden, liver function, and patient PS and
thereby has been endorsed by the societies that special-
ized in liver disease.>%? The prognostic ability of the
BCLC has been validated in European, American, and
Asian populations.’>” The value of the BCLC is in
its ability to stratify the survival of patients with HCC
among the substrata of 0, A, B, C, and D, and therefore
it can be easily applied directly to patient care.

The Hong Kong Liver Cancer (HKLC) staging
classification has been proposed as a more granular
staging system for HCC with improved discrim-
inatory ability.”® Compared with the BCLC, the
HKLC potentially distinguishes differential prognosis
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between patients with mild tumor-related symptoms
and those with more severe symptoms. Furthermore,
the HKLC may be able to identify patients with
intermediate or advanced HCC who still may be eli-
gible for more aggressive treatments. However, there
are several issues with the HKLC classification. It
utilizes nine substrata with significant overlap, and
therefore its clinical use may not be easily applicable.
While a subsequent study changed the substrata from
9t0 5,%% this change still requires external validation.
It is also not yet validated in non-HBV populations
and is linked to a treatment strategy that also may not
be generalizable.

Evidence-based criteria have been developed for the
assement of prognosis, 1% and the BCLC staging sys-
tem is the only staging system that meets all the criteria.
Figure 2 shows the BCLC staging system, with minor
modications. The PS for BCLC stages 0, A, and B has
been changed to 0-1 to better reflect clinical practice,
given the significant overlap that exists between PSO
and PS1 and the potential bias of patient-reported and
physician-reported PS."% For BCLC stage C, most
criteria for phase 3 trials include patients with PS of
0-1; therefore, expansion of the PS to include 0-2 is
warranted. The BCLC staging has been recently mod-
ified. 1% Because the prognositic ability of this mod-
ification has not been prospectively validated, we have
kept the previous iteration of the BCLC staging that
has been prospectively validated.

Guidance Statement

* The BCLC staging should be utilized in the
evaluation of patients with HCC.

Treatment

There have been significant advances in HCC treat-
ment over the past 10 years, with improvements in both
technology and patient selection. Available therapeutic
options can be divided into curative and noncurative
interventions. Curative therapies include surgical re-
section, orthotopic LT, and ablative techniques such
as thermal ablation. Each of these approaches offers
the chance of long-term response and improved sur-
vival. Noncurative therapies, which attempt to pro-
long survival by slowing tumor progression, include
transarterial chemoembolization (TACE), transarte-
rial radioembolization (TARE), stereotactic body ra-
diation therapy (SBRT), and systemic chemotherapy.
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STAGE C STAGE D

|

Level of
Evidence
1 Resection TACE Sorafenib (1L)
Lenvatinib (1L)
Regorafenib (2L)
Cabozantinib (2L)
2 RFA Resection TARE Nivolumab (2L) OLT
MWA oLT Downsize OLT BSC
RFA
MWA
TARE
TACE
SBRT
3 TARE

FIG. 3. Treatment recommendations according to BCLC Stage. Abbreviations: MWA, microwave ablation; BSC, best supportive

care; 1L, first-line therapy; 2L, second-line therapy.

Figure 3 shows the treatments recommended for each
HCC stage and according to the strength of the level

of evidence.

CURATIVE THERAPIES

4. The AASLD suggests that adults with Child's
A cirrhosis and resectable T1 or T2 HCC undergo
resection over radiofrequency ablation (RFA).
Quality/Certainty of Evidence: Moderate
Strength of Recommendation: Conditional
5. The AASLD suggests against the routine use
of adjuvant therapy for patients with HCC follow-
ing successful resection or ablation.
Quality/Certainty of Evidence: Low

Strength of Recommendation: Conditional
Technical Remarks

1. Direct comparative studies of resection versus other
types of locoregional therapy (LRT)—such as TARE
and TACE or other forms of thermal ablation, such
as radiation and microwave—are not available, though
indirect evidence favors resection.

2. The definition of resectability is not uniform across
studies or in clinical practice, and variability is observed
not only in what is defined as resectable from a
purely technical standpoint, but also in patient-related

factors such as acceptable degree of PH and PS. This
variability leads to challenges in comparing study

findings.

. Stage T1 and T2 HCC include a wide range of tumor

sizes from <1 to 5 cm, and the effectiveness of avail-
able therapies depend, in large part, on the size, number,
and location of the tumors. Whereas smaller, single
tumors (<2.5 cm) that are favorably located may be
equally well treated by either resection or ablation,
tumors larger than 2.5-3.0 cm, multifocal, or near
major vascular or biliary structures may have limited
ablative options. Multiple tumors which are bilobar
or centrally located may not be resectable.

. Randomized trials performed to date comparing RFA

to resection have been performed primarily in East
Asian patients, in whom there is a higher etiological
prevalence of HBV (including noncirrhotic HBV-as-
sociated HCC) and a lower prevalence of other liver
diseases such as NAFLD or HCV compared to Western
patients. The impact of these demographic differences
on oncological outcomes of different therapies is
unknown.

. The modified Response Evaluation Criteria in Solid

Tumors (mRECIST) may be the most common criteria
used to evaluate radiological response in patients af-

Sfected by HCC and treated with LRT; though other clas-

sification systems are also used.
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6. The risk of recurrence after surgical resection or ablation
is related to characteristics of the tumor at the time of
surgery, such as size, degree of differentiation, and the
presence or absence of lymphovascular invasion.

RESECTION

Surgical resection is the treatment of choice for re-
sectable HCC occurring in patients without cirrho-
sis, which accounts for 5%-10% of HCC in Western
counties but a higher percentage in Asia. As detailed
in the Guidelines, surgical resection is also favored in
patients without clinically significant portal hyperten-
sion (CSPH) and Child's class A. LT is the treatment
of choice for patients with more AC with CSPH and
hepatic decompensation with early-stage HCC within
Milan criteria (1 tumor up to 5 c¢m, or two to three
tumors with the largest being <3 cm).1%%

Determination of whether a lesion is resectable is
based on anatomic considerations, including the num-
ber and location of tumors, as well as ensuring adequate
hepatic reserve, which depends on the anticipated vol-
ume of resection as well as the underlying liver func-
tion. For patients with single tumors, well-preserved
liver function, and no evidence of PH (normal bil-
irubin and hepatic venous pressure gradient <10 or
platelet count >100,000) surgical resection offers a low
perioperative mortality and is associated with survival
rates of nearly 70% at 5 years. There is technically no
size cutoff for tumor diameter, and large tumors can
be safely resected if there is sufficient functional liver
remnant. In cases where a large volume of resection is
anticipated such as with greater than three segments,
portal vein embolization can be utilized to increase the
size of the contralateral lobe and thus reduce the risk of
hepatic insufficiency."%1%) An increase of 20%-25%
in the contralateral lobe may be anticipated 4-6 weeks
following bland embolization. A niche area for TARE
may be for resection among otherwise appropriate can-
didates where the volume of the future liver remnant
may be inadequate. Lobar TARE has been shown to
simultaneously treat the tumor and lead to hypertrophy
of the opposite lobe.%”) A systematic review of seven
studies reported an increase in the future liver remnant
26%-47% after a median of 44 days to 9 months after
TARE."

Laparoscopic liver resection may offer benefits in
terms of shorter length of hospitalization, and poten-
tially decreased risk of postoperative decompensa-
tion and other complications."®''3 In addition,
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laparoscopic resection has been successfully performed
in patients with PH requiring smaller resection vol-
ume."™ Patient survival and risk of HCC recurrence
appears to be similar in case-control studies. Thus far,
there have not been any randomized trials comparing
open versus laparoscopic resection of HCC.

The risk of recurrence following resection is up to
70% at 5 years, with the most important predictors being
tumor differentiation, micro- and macrovascular inva-
sion, and the presence of satellite nodules. ™19 Tumor
size is not an independent predictor of recurrence,
though increasing tumor size is associated with increased
frequency of microvascular invasion and other poor his-
tological features. DAAs likely offer an opportunity to
prevent HCC recurrence given the high likelihood of a
sustained viral reponse, and it is discussed further in the
HCV section. Patients with HCV-related HCC who
have complete response after resection should undergo
antiviral therapy with DAA after a period of observation
of 3-6 months in which no recurrence is found.

There are currently no other adjuvant therapies which
have been demonstrated to be effective in the postresec-
tion or postablation setting to prevent recurrence. A ran-
domized phase III study compared sorafenib (n = 556
patients) to placebo (n = 558) with the aim of recur-
rence-free survival (RFS) in patients who had a com-
plete response after resection or thermal ablation.!!”
There was no difference in the median RFS among the
two groups (33.3 months in the sorafenib group vs. 33.7
months in the placebog group; P = 0.26). Patients should
undergo surveillance after resection with imaging and
AFP at least every 3-6 months, with consideration of
shorter intervals during the first year given higher risk of
recurrence during that time.

LIVER TRANSPLANT
6. The AASLD suggests observation with fol-

low-up imaging over treatment for patients with cir-
rhosis awaiting LT who develop T1 HCC.
Quality/Certainty of Evidence: Very Low
Strength of Recommendation: Conditional
7A. The AASLD suggests bridging to transplant
in patients listed for LT within OPTN T2 (Milan)
criteria to decrease progression of disease and subse-
quent dropout from the waiting list.
Quality/Certainty of Evidence: Very low
Strength of Recommendation: Conditional
7B. The AASLD does not recommend one
form of liver-directed therapy over another for
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the purposes of bridging to LT for patients within
OPTN T2 (Milan) criteria.
Quality/Certainty of Evidence: Very low
Strength of Recommendation: Conditional
8. The AASLD suggests that patients beyond the
Milan criteria (T'3) should be considered for LT after
successful downstaging into the Milan criteria.
Quality/Certainty of Evidence: Very low
Strength of Recommendation: Conditional

Technical Remarks

1. This recommendation is intended for patients with
decompensated cirrhosis who are already on the LT
waitlist—and thus with an indication for transplantation
in addition to HCC—and is based on current organ
allocation policies in the United States. Future allo-

policy this
recommendation.

2. The choice of observation with follow-up imaging versus
treatment depends on several factors, including patient

cation revisions ~ may  impact

preference, anticipated waiting time, rate of growth of the
lesion, degree of liver decompensation, and AFP.

3. Bridging is defined as the use of LRT—such as TACE,
Y90, ablative therapy, or a combination of different
types of LRT such as TACE and ablation—to induce
tumor death and deter tumor progression beyond the
Milan criteria.

4. The risk of hepatic decompensation because of LRT
must be considered when selecting patients for bridging
therapy.

5. Patients in the United States with HCC within Milan
criteria have been granted access to LT' by Model for
End-Stage Liver Disease (MELD) exception point
allocation since February 2002. Although patients with
T2 HCC have continued to have access to deceased
donor LT, multiple changes to the policy to reduce
access combined with ever-increasing waiting times
have impacted the interpretation of studies before and
in the early days following adoption of MELD allo-
cation compared to current practice.

6. Given that organ availability is variable, the practices
for LT for HCC may differ based on geographical
location and access to living and deceased donor
organs.

7. The MELD allocation system with additional prior-
itization for HCC is not practiced worldwide.

8. The optimal form of liver-directed therapy for the
purposes of downstaging cannot be determined based
on the available data.

9. Currently, in the United States, MELD exception may
be granted by appeal to the regional review board
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system for patients initially presenting with T3 HCC
after successful downstaging to within T2/Milan cri-
teria, or they may appeal with a T3 tumor, though
this is not a practice which is widely accepted. HCC
organ allocation policy may be revised in the future
to allow access to standardized MELD exception for
downstaged patients rather than requiring appeal.

10.There is no standard, agreed-upon waiting period fol-
lowing downstaging to determine efficacy of down-
staging and subsequent optimal timing for LI

11.Many studies define downstaging as a reduction in
tumor burden to within Milan criteria based on ra-
diographical findings, though some studies define
downstaging as a complete absence of tumor by ra-
diographical findings. Other studies use explant pa-
thology to define successful downstaging, which is not
useful in patient selection and makes direct comparison
of results challenging.

LT is a highly effective, efficient therapy for ear-
ly-stage HCC because it offers optimal treatment of
both the underlying liver disease and the tumor, and
is associated with excellent long-term survival rates for
HCC within Milan criteria occurring in the setting of
decompensated liver disease.1%” However, LT is lim-
ited by the extreme shortage of available liver allografts
and the need for lifelong immunosuppression. Because
of this critical shortage, organ allocation systems in
the United States and elsewhere have developed prior-
ization criteria which attempted to balance the benefit
of transplantation and the risk of posttransplant HCC
recurrence and subsequent reduced survival. Since the
adoption of the MELD allocation system in 2002,
numerous changes to the allocation system for HCC
in the United States have been adopted and are sum-
marized in Fig. 4.

HCC stage I (1 lesion between 1 and 2 cm) and stage
IT (Milan criteria) were initially given assigned MELD
exception scores of 24 points and 29 points, respec-
tively. This was quickly determined to be an overpriori-
tization and was reduced to 20 and 24, and then further
reduced to no points for T1, because of low waitlist
dropout and concerns over the accuracy of imaging for
the diagnosis of small HCC, and an assigned exceg)tion
score of 22 for HCC within Milan criteria. 11?0 In
2008 a United Network for Organ Sharing (UNOS)
HCC consensus conference was held and, based upon
the recommendations of this conference, a standard-
ized system for explant pathology was adopted and

. L o : (121)
more rigorous imaging criteria were established.

Despite these changes, patients with HCC still had a
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FIG. 4. UNOS HCC policy timeline. T1 and T2 = tumor stage 1 or 2.

lower waitlist dropout and a higher transplant rate and
slightly inferior long-term outcomes than non-HCC
patients, and thus, in 2015, a system of delaying the
MELD score assignment for 6 months, then assigning
at the score they would have had after 6 months (28
points), was adopted in an attempt to use natural selec-
tion over time to more optimally allocate available liver
allografts. 1)

Multiple studies have continued to report acceptable
long-term outcomes for patients who were downsized
to within Milan criteria, and an OPTN analysis demon-
strated a wide variety of downsizing criteria being uti-
lized across the various regional review boards. 12124
In order to standardize policy so patients would be
granted the same access to MELD exception scores
across all regions, OPTN policy was changed in 2017
to grant a standard MELD score exception for patients
who originally presented with up to five tumors, with
the largest being 4.5 cm and the sum of the tumor
diameters being less than 8 cm, who were successfully
downsized to within Milan criteria, as per the criteria
used by University of California, San Francisco.!*

At the same time, HCC exception policy was revised
to prevent a MELD score exception for patients pre-
senting with an AFP >1,000 regardless of tumor size
from receiving MELD score exception unless the AFP
was reduced to <500 after liver-directed therapy such
as embolization or ablation. Although there was con-
cern that the AFP policy was not restrictive enough
given the high risk of recurrence and poor outcomes
in this population, there was previously no restriction
on AFP in granting MELD exception (though many
transplant centers and UNOS regions had adopted
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their own internal policies) and thus it was adopted as
a starting point. Consensus on specific imaging criteria
tor downsizing and recurrence after downsizing is still
lacking, though this may be more easily determined
after adoption of a standard policy given the require-
ments for mandatory reporting of explant pathology
and imaging for those transplanted with an HCC
exception.

Salvage LT for patients who have developed HCC
recurrence (or liver decompensation) following resec-
tion has been debated."'?®) Proponents note that
patients with poor biology can be excluded from trans-
plantation, while it avoids transplantation of those who
may be cured with resection, thus reducing the demand
for a critically scare resource. Opponents cite the low
number of transplant-eligible patients who are actually
able to be transplanted when they develop recurrence,
given that the recurrence may be detected at a stage
beyond Milan criteria, or there may be other issues
which preclude transplantation. A recent intention
to treat analysis from France included 110 patients
treated with resection with planned salvage transplant
for recurrence or decompensation from 1994 to 2012.
Only 56% were able to be cured using this protocol,
with 36% of patients cured from resection alone and
19% after undergoing salvage L'T" following resection
and recurrence,?” indicating that resection should be
considered in transplant-eligible patients.

Recurrence of HCC following LT has been estimated
to be 11%-18%." Factors predictive of recurrence are
elevated AFP >50 ng/mL pretransplant and unfavor-
able explant pathology (poorly differentiated tumors
and/or presence of lymphovascular invasion).?”
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Median time to recurrence is 20.5 months, with recur-
rence observed earlier with the presence of lymphovas-
cular invasion (median time, 7.5 months). The most
common site of recurrence is lung (38%) followed by
the liver (33%). A multicenter analysis using data from
three large transplant centers, which was subsequently
externally validated, has proposed a risk-stratafication
score (RETREAT) which uses explant pathology find-
ings, including size of largest viable tumor plus micro-
vascular invasion plus AFP at transplant, to determine
a score from 0 to 5, wherein patients with a score of 0
had a 5-year recurrence risk of less than 3% whereas
those with a score of 5 had a more than 75% chance
of recurrence.®® This score is useful in determining
the optimal screening intervals as well as determining
which patients may benefit from adjuvant treatment
strategies, though there are no established therapies
to date. The type of immunosuppression, calcineurin,
or mechanistic target of rapamycin inhibitors, have
not been shown to play a significant role in preventing
recurrence after LT,

Guidance Statements

* Resection is the treatment of choice for localized
HCC occurring in the absence of cirrhosis, or re-
sectable HCC occurring in the setting of cirrhosis
with intact liver function and absence of CSPH.

* Transplantation is the treatment of choice for
patients with early-stage HCC occurring in the
setting of CSPH and/or decompensated cirrho-
sis, though access is limited by the extreme organ
shortage.

* Surveillance for HCC recurrence in posttransplant
patients should include abdominal and chest CT
scan for better evaluation of the soft tissue, though
optimal timing and duration, as well as the impact
of surveillance, is not certain.

ABLATION

Ablative techniques are a therapeutic option that has
rapidly grown during the last decade and are considered
potentially curative. Destruction or ablation of tumor
cells can be achieved by the injection of chemical sub-
stances (ethanol, acetic acid, and boiling saline) or by
modifiying local tumor temperature (radiofrequency
[RFA], microwave, laser, cryotherapy). The procedure
can be done percutaneously with minimal invasiveness
or during laparoscopy, and is currently considered the
best option for patients with BCLC stage A who are
not candidates for surgical intervention.
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Several randomized controlled trials (RCTs) have
confirmed the superiority of RFA over ethanol injection
in terms of survival, particularly in BCLC stage A with
nodules between 2 and 4 em.3%? RFA can be per-
tformed through single or multiple cooled-tip electrodes,
percutaneously, or surgically. In addition, the number
of treatment sessions is reduced, and, overall, RFA has
become the preferred approach for the ablation of HCC
over ethanol injection. However, there are specific loca-
tions (near to the main biliary tree, abdominal organs, or
heart) where the application of RFA is contraindicated
because of the risk of severe complications, as well as
the heat-sink effect leading to a loss of efficacy, and thus
other kinds of ablation may be a better choice. Recently,
microwave ablation has been utilized more frequently
because of the application of higher temperatures in a
shorter period of time leading to excellent local tumor
controls and less concerns for heat sink.!3% However,
there are no prospective randomized trials comparing
RFA to microwave ablation. The use of ablation should
be dependent on the local expertise.

A group of experts in ablation of HCC developed
general considerations for this approach.™** Ideally, a
360-degree, 0.5- to 1.0-cm ablative margin should be
produced all around the target tumor. For RFA, histo-
logical studies have shown that a tumor diameter >3
cm and a perivascular location result in a substantial
reduction in the rate of tumor ablation.’®* For micro-
wave ablation, the microwave antennas can be powered
simultaneously to take advantage of thermal syngergy
when placed in proximity to a tumor >3 cm and there-
fore may be able to treat larger tumors more effectively.
Microwave ablation has potential advantages over
RFA, but lar%er studies are required for safety and effi-
cacy data.3*

An area of interest is whether the combination of
RFA plus TACE for the same lesion would provide
improved efficacy. A meta-analysis identified seven
RCTs that evaluated this question, but there were
issues of sample size (studies ranging from 19 to 69
patients), tumor size (ranging from 1.7 to 6.7 cm), and
trials inadequately powered for outcomes.*® In addi-
tion, this meta-analysis included a retracted article,(137)
which could have influenced its pooled results and con-
clusions. A recent meta-analysis included small RCTs
from Asia that were significantly underpowered to
evaluate survival or response rates. 138) At this time, the
combination of RFA with TACE requires further study.

The recurrence rate after thermal ablation is sim-
ilar to that observed after surgical resection, and
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recurrence presents as separate nodules in the same
lesion occurring nearby or in separate liver seg-
ments.*” It has been shown that local recurrence
is related to size and higher with tumors that are >3
em.M? HCC recurrence can occur at new sites in
the liver in around 40% of individuals. Treating local
and new sites of recurrence with ablation appears
to be effective. 14V Adjuvant therapy with sorafenib
does not prevent HCC recurrence after ablation.!!”)
Surveillance after ablation should be performed with
CT or MRI every 3 months at least for a year and
then at least every 6 months thereafter given the high
risk of recurrence.

SBRT is a developing form of LRT. SBRT had
complete and partial responses of 15% and 45%,
respectively, for small HCC and can be considered
an alternative to thermal ablative techniques.*?)
A recent retrospective study analyzed SBRT versus
TACE and RFA in an intent-to-treat fashion.1*¥
A total of 379 patients with HCC were treated with
SBRT (n = 39), TACE (n = 99), and RFA (n = 244)
with 45% meeting Milan criteria. All the groups
had similar OSs (SBRT and RFA 61% and 56% for
TACE) and similar dropout rates from the transplant
waiting list (SBRT 16.7%, RFA 16.8%, and TACE
20.2%). Another retrospective analysis compared
results for 229 patients undergoing RFA and SBRT
for predominantly early-stage HCC."** Both had
similar overall local control and 1- and 2-year freedom
from liver progression for SBRT compared with RFA
of 95% versus 84% (P = 0.005) and 83% versus 79% (P
= 0.69), respectively. An interim analysis of an ongo-
ing single-center randomized trial comparing SBRT
to TACE has been reported including outcomes for
69 patients and demonstrating similar 2-year sur-
vival rates (59%) in each treatment arm.'*) SBRT
is an alternative to treatment of patients mostly those
within the Milan criteria. Comparative randomized
trials are needed among modalities.

Guidance Statements

* Thermal ablation is superior to ethanol injection.

* Thermal ablative techniques have the best efficacy
in tumors with maximum diameter less than 3 cm,
although microwave ablation potentially provides
better tumoral response than RFA.

* SBRT isan alternative to thermal ablation, with pro-
spective comparative randomized studies needed.

* Patients postablation are at high risk for recurrence
and surveillance should be performed with con-
trast-enhanced CT or MRI every 3-6 months.
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Noncurative Therapy

9A. The AASLD recommends LRT over no
treatment in adults with cirrhosis and HCC (T2 or
T3, no vascular involvement) who are not candi-
dates for resection or transplantation.
Quality/Certainty of Evidence:
TACE: Moderate
Transarterial bland embolization: Very low
TARE: Very low
External radiation: Very low
Strength of Recommendation: Strong
9B. The AASLD does not recommend one form
of LRT over another.
Quality/Certainty of Evidence: Very low

Strength of Recommendation: Conditional
Technical Remarks

1. The available evidence is for Child's A and highly
selected Child's B. There are no data to support the
use of LRT for patients with Child's C or poor PS,
and use of LRT should be weighed against the risk
of harm.

2. The data for the use of TARE and external beam
radiotherapy is emerging. As discussed below, the
results to date are encouraging, but inadequate to make a
recommendation.

3. RFA is another treatment strategy that may be utilized
for selected patients with unresectable T2 HCC, depend-

ing on the size, location, and number of lesions.

The vascular nature of HCC lends itself to therapies
delivered by the hepatic artery. TACE and selective
radioembolization are the two most commonly used.
We will divide these treatments according to tumor
staging to better delineate their efficacy.

PATIENTS WITH BCLC STAGE B

The AASLD recommends LRT over no treatment for
patients with BCLC stage B HCC, and TACE ap-
pears to be the treatment with the best quality of the
evidence. Median OS in BCLC B patients treated with
TACE in RCTs has increased from 20 to 26 months
because of improved patient selection with acknowl-
edgement that Child-Pugh may not be sufficient to
determine patients with expected survival benefit as-
sociated with chemoembolization.™*'*") Additionally,
technical advancements, including embolization in a
superselective manner to minimize ischemic injury
to nontumorous tissue, has improved outcomes with
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TACE.™® Drug-eluting beads (DEBs) may offer ad-
vantages over conventional TACE, including a greater
standardization of therapy, increased/sustained tu-
moral concentration, and lower systemic absorption
of chemotherapy."*” Nonrandomized cohorts have
reported OS exceeding 40 months with DEBs; how-
ever, DEB-TACE has not been shown to improve OS
compared to conventional TACE in randomized trials
or meta—analysis.(lso’lsl)

A lack of clinical benefit of combining systemic
agents (sorafenib or brivinib) with TACE in intermedi-
ate HCC compared to TACE alone was demonstrated
in large, phase III RCTs, and therefore combination
therapy has not been recommended.™**%? An area
of interest remains the timing of initiation of systemic
therapy after disease progression post-TACE. HCC
stage progression (vascular invasion and/or meta-
static disease) is associated with inferior OS compared
to intrahepatic progression that may be amenable to
additional TACE.™? Prognostic models to determine
a subset of patients that may tolerate and benefit from
repeat TACE have been described. The Assessment
for Retreatment with TACE score uses a composite
score based on tumor response to initial TACE, liver
function (Child-Pugh increase 1 vs. 22 points) and an
increase in aspartate aminotransaminase 225%. Those
with a score >2.5 points identify patients in whom
repeat TACE should be deferred because of concern for
decompensation and/or lack of benefit."** However,
this requires further independent validation before
routine use. The appropriate time for discontinuation
of TACE and initiation of systemic therapy remains a
challenge. The use of sorafenib for tumors not amena-
ble to LRT, among patients with intermediate HCC
with high tumor burden or post-TACE progression,
has reported OS around 12 months.>>)

TARE has emerged as an alternative therapy to
TACE. In contrast to TACE, radioembolization is
microembolic and therefore the hepatic artery main-
tains its patency. The therapeutic action of TARE is
predominately radiation with ytrium 90 as opposed to
embolization. The use of TARE over TACE by some
centers has included patients who are BCLC B and
poor candidates for TACE, larger tumors (>2 seg-
ments) with portal vein invasion, and progressive dis-
ease post—TACE.(156)

The reported experience with TARE in large, pro-
spective, nonrandomized trials has shown consistent
results, particularly among those with BCLC B with
OS of 16.4-18.0 months.">"*® Small randomized
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trials comparing TACE to TARE have shown results
similar to larger retrospective studies with equiva-
lency in OS and progression-free survival {Pitton,
2014 #969}.(159) TACE and TARE were evaluated in a
small phase 2 randomized trial."®” This study demon-
strated a significant improvement in time to progres-
sion (T'TP), the primary endpoint, but there was no
significant difference in OS, a secondary endpoint of
the trial. A recent meta-analysis comprised of 10 trials
(two RCTs, eight retrospective) comparing TACE to
TARE found no significant difference in OS at 1-year,
but 2- and 3-year OS was significantly improved in
the TARE group.®" The results of randomized trials
comparing TACE/DEB to TARE with a primary end-
point of TTP are pending (NCT01381211). Head-
to-head comparison of TACE versus TARE with the
primary endpoint of OS is needed.

Guidance Statements

+ LRT should be considered for patients with inter-
mediate-stage HCC who are not eligible for cura-
tive treatments. Studies comparing TACE with
TARE are needed.

e Patients who are ineligible for or progress after

TACE/TARE should be considered for systemic
therapy.

PATIENTS WITH BCLC STAGE C

Sorafenib is the standard of care in patients with ad-
vanced HCC with vascular invasion and/or extra-
hepatic metastasis with significantly improved OS
compared to supportive care.621%

TARE was shown to have potential efficacy in
patients with advanced HCC in retrospective cohort
studies."*” This led to two randomized trials that
compared TARE compared to sorafenib in advanced
HCC. The first of these trials was the SARAH
(SorAfenib Versus Radioembolization in Advanced
Hepatocellular Carcinoma) trial.’® A total of 459
patients with locally advanced HCC (28% BCLC B
and 68% BCLC C in each arm), unresponsive to other
treatments or failed two sessions of TACE, were ran-
domized to TARE (resin) or sorafenib 400 two times
a day. There was no significant difference in survival
between the two treatment groups (8.0 vs. 9.9 months,
respectively; P = 0.18). Secondary endpoints that
include response rates, progression within the liver
as first event, adverse events, and tolerability signifi-
cantly favored TARE. The SIRveNIB (selective inter-

nal radiation therapy v sorafenib) study(léé) is another
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randomized trial that compared resin TARE versus
sorafenib in 360 patients with locally advanced HCC
(55%-61% BCLC B and 38%-44.5% BCLC C). There
was no significant difference in OS between sorafenib
and TARE (8.8 vs. 10.0 months, respectively; P = 0.36).
Secondary endpoints of tumor response rate and toler-
ability favored TARE. Randomized studies with glass-
based microspheres, in contrast to the studies reported
above which were with resin-based microspheres, com-
pared to sorefenib are ongoing.

Guidance Statements

* Sorafenib is the first-line therapy for patients with
advanced HCC

¢ Current data do not demonstrate benefit of TARE
compared to sorafenib in patients with advanced
HCC. Further trials are needed to establish
whether microsphere-based TARE can be consid-
ered as an option for patients with advanced HCC.

SYSTEMIC THERAPY

10: The AASLD recommends the use of systemic
therapy over no therapy for patients with Child-
Pugh A cirrhosis or well-selected patients with
Child-Pugh B cirrhosis plus advanced HCC with
macrovascular invasion and/or metastatic disease.

Quality/Certainty of Evidence: Moderate
Strength of Recommendation: Strong

Technical Remarks

1. It was not possible to make a recommendation for
systemic therapy over LRT because there was in-
adequate evidence to inform the balance of benefit
versus harm.

2. Advanced HCC is a heterogeneous group. The selec-
tion of treatment type may vary depending on the ex-
tent of macrovascular invasion and/or metastatic
disease, the degree of underlying cirrhosis, and patient's
PS, and when patients have very poor PS and/or ad-
vanced cirrhosis, no therapy may be the best option.

3. 1t is not possible to identify a preferred type of LRT based
on the available evidence.

4. Most patients involved in the studies had Child-Pugh
A cirrhosis, although studies were mixed and included

some patients with Child-Pugh B.

Unresectable HCC is clinically a heterogeneous
group of patients, which includes those with interme-
diate stage (BCLC B) and advanced stage (BCLC C).
Whereas some patients will initially present with clear
advanced features, including extrahepatic spread and
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macrovascular invasion (defined as evidence of tumor
invasion into the hepatic vasculature observed on imag-
ing), more commonly patients will stage migrate from
an intermediate (BCLC B) to advanced stage (BCLC
C), at which time the continued use of local-regional
approaches are not recommended. The challenge to the
treating clinician is to apply the best evidence-based
therapeutic strategies, which often are limited, from var-
ious commonly used treatment options. It is also import-
ant to keep in mind that clinical trial candidates do not
necessarily reflect the typical patient in clinical practice.
Specifically, all the phase 3 trials in HCC that showed
an improvement in survival with sorafenib are restricted
to those with a good PS (Eastern Cooperative Oncology
Group [ECOG] <2), Child-Pugh A liver disease, and
otherwise adequate organ function. With that in mind,
participation in a clinical trial can be considered for all
eligible patients. Table 3 summarizes the positive phase
3 randomized trials for systemic therapy in HCC.

Sorafenib is an oral multikinase inhibitor that ini-
tially demonstrated a survival advantage in the front-line
settmg in a phase 3 double-blind, placebo-controlled
trial"®” (Table 3). The magnitude of benefit was con-
firmed in a similarly designed phase 3 study performed
in the Asia-Pacific region exclusively."*® Since this
time, phase 3 studies of novel combinations or single
agents have not been able to demonstrate a survival
advantage over sorafenib. Though modest, the median
absolute survival benefit of approximately 3 months
is associated with a side-effect profile characterized
most commonly by hand-foot skin reaction, diarrhea,
weight loss, and hypertension. Recently, data from an
open-label, randomized phase 3 trial of the multikinase
inhibitor, lenvatinib, versus sorafenib was reported(lég)
(Table 3). This study met its primary endpoint of non-
inferiority, but was not superior, for OS. Common side
effects with lenvatinib include hypertension, diarrhea,
weight loss, and anorexia. Lenvatinib did improve sec-
ondary endpoints such as time to progression, PFS,
quality of life, and overall response rate as assessed
by mRECIST. Lenvatinib is not yet approved for the
treatment of HCC at present, but it is expected that
lenvatinib will become another option for patients in
the front-line setting in the future.

Regorafenib, a similar small-molecule multikinase
inhibitor, has been studied as a second-line agent in
those with tumor progression on sorafenib. In a dou-
ble-blind, placebo-controlled trial, regorafenib demon-
strated an improvement in OS for those patients
that had documented radiological progression during
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TABLE 3. SYSTEMIC THERAPIES WITH A SURVIVAL BENEFITIN HCC

Study Treatment Control Primary Endpoint HR Reference
SHARP Sorafenib Placebo 0S 0.69 Llovet NEJM
(95% Cl, 0.55-0.87; P< 0.001) 2008
Asia-Pacific Sorafenib Placebo 0S 0.68 Cheng
(95% Cl, 0.50-0.93; P=0.014) Lancet
2009
REFLECT Lenvatinib Sorafenib 0S 092 Kudo Lancet
(noninferior) (95% Cl, 0.79-1.06) 2018
RESORCE Regorafenib Placebo 0S 0.63 Bruix Lancet
(95% Cl, 0.50-0.79; P< 0.000T1) 2017
CELESTIAL Cabozantinib Placebo 0S 0.76 Abou-Alfa
(95% Cl, 0.63-0.92; P=0.0049) ASCO Gl
2018

Abbreviations: REFLECT, randomized, open-label, phase 3 trial to compare the efficacy and safety of lenvatinib versus sorafenib in
first-line treatment of subjects with unresectable hepatocellular carcinoma; RESORCE, Regorafenib for patients with hepatocellular
carcinoma who progressed on sorafenib treatment; SHARP, sorafenib hepatocellular carcinoma assessment randomized protocol;
CELESTIAL, study of cabozantinib vs placebo in subjects with hepatocellular carcinoma who have received prior sorafenib.

sorafenib treatment'’®” (Table 3). Regorafenib had
a median survival of 10.6 months compared to 7.8
months with the placebo group (HR,0.63; P < 0.0001).
The side-effect profile of regorafenib is similar to the
other drugs in this class, including hypertension, hand-
foot skin reaction, fatigue, and diarrhea. Currently,
regorafenib is FDA approved as a second-line agent
tor HCC.

Recently, there has been increased interest in agents
targeting programmed cell death protein 1 (PD-
1) and its ligands (PD-L1 and PD-L2), which have
made a significant impact in the treatment of tradi-
tionally difficult-to-treat diseases such as melanoma
and non-small-cell lung cancer as well as others.!’")
The anti-PD-1 monoclonal antibody, nivolumab,
has demonstrated significant activity in a single-arm
dose-escalation and -expansion study that included
both sorafenib naive and sorafenib-pretreated patients
with various underlying etiology.""? A total of 182
sorafenib-experienced patients were treated with dose
escalation of nivolumab 0.1-10.0 mg/kg (n = 37) and
dose expansion of nivolumab 3 mg/kg (n = 145). The
median OS in sorafenib-experienced patients in the
phase II study was 16.7 months with an overall response
rate of 14.5%. As reported, the incidence of significant
side effects was generally low, but nivolumab can be
associated with immune-mediated adverse events,
including immune-mediated hepatitis. Nivolumab
has been approved by the FDA as a second-line agent
for advanced HCC. A randomized open-label phase
3 study of nivolumab versus sorafenib in the front-
line setting has completed enrollment and results are

awaited (NCT NCT02576509). A randomized phase
3 study of the anti-PD-1 monoclonal antibody, pem-
brolizimab, versus placebo in the second-line setting is
also actively ongoing (NCT NCT02702401).

Another agent that has been studied is cabozan-
tinib, an oral small-molecule tyrosine kinase inhibitor
that primarily affects MET (hepatocyte growth factor
receptor), vascular endothelial growth facotr receptor
II, Axl, and RET (rearranged during transfection)
receptor tyrosine kinase.’? In a recent phase II study
of 41 patients with HCC, the overall response rate was
5% with a week 12 disease control rate of 66% and
reductions in AFP."73) A phase IIT randomized trial
of cabozantinib in advanced HCC Fatients as a sec-
ond-line agent has been completed’’* (Table 3). A
total of 707 patients with advanced HCC randomized
in a 2:1 ratio received cabozantinib at 60 mg daily (n
= 470) or placebo (n = 237). All patients with Child's
class A and had progressed on at least one previous
systemic therapy for advanced HCC. The median OS
with cabozantinib was 10.2 months compared to 8.0
months with placebo (HR, 0.76; 95% CI, 0.63-0.92).
Cabozantinib has not been approved as a second-line
agent for HCC.

Immune checkpoint inhibitors targeted against
cytotoxic T-lymphocyte antigen-4, programmed
death-1, and programmed death-1 ligand are being
investigated in combination therapy. Feasibility of this
combination was demonstrated with tremelimumab in
combination with ablation therapy (RFA/cryotherapy)
or TACE in 28 patients with BCLC B (n = 7)/BCLC
C (n = 21) HCC who all demonstrated evidence of
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tumor progression at time of enrollment."”>) TTP was
7.4 months, and median OS was 12.3 months. Further
study is needed to determine whether local therapy
augments immune stimulation beyond checkpoint
inhibition alone. There are ongoing studies evaluating
potential benefit of immune therapy with LRTs.

Guidance Statements

+ Patients with BCLC stage B HCC progressing
after TACE should be considered for systemic
therapy with either sorafenib, or lenvatinib upon
approval, as first-line options for these patients.

* Patients with BCLC stage CHCC should be treated
with sorafenib, or lenvatinib upon approval, as
first-line options for these patients.

e Upon radiological progression to sorafenib,
regorafenib and nivolumab should be consid-
ered as second-line options. There are no specific
data in HCC to support the use of regorafenib or
nivolumab after progression on lenvatinib, but the
sequential use of multikinase tyrosine kinase in-
hibitors with similar mechanisms of action may be
considered.

Multidisciplinary Approach
to HCC

The management of HCC encompasses multiple
disciplines that includes hepatologists, diagnostic ra-
diologists, pathologists, transplant surgeons, surgical
oncologists, interventional radioliogists, medical on-
cologists, radiation oncologists, nurses, and palliative
care professionals. A recent study showed that the
development of a true multidisciplinary clinic with a
dedicated tumor board review for HCC patients in-
creased survival.'”® Therefore, HCC patients should
be seen in these clinics whenever it is feasible, and, if
not, a referral to a center with a true multidisciplinary
clinic should be considered.
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