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Hepatocellular carcinoma (HCC) is one of the major causes of morbidity, mortality, and healthcare expenditure
in patients with chronic liver disease in India. The Indian National Association for Study of the Liver (INASL)
had published its first guidelines on diagnosis and management of HCC (The Puri Recommendations) in 2014,
and these guidelines were very well received by the healthcare community involved in diagnosis andmanagement
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ofHCC in India and neighboring countries. However, since 2014,many new developments have taken place in the
field of HCC diagnosis and management, hence INASL endeavored to update its 2014 consensus guidelines. A
new Task Force on HCC was constituted that reviewed the previous guidelines as well as the recent developments
in various aspects of HCC that needed to be incorporated in the new guidelines. A 2-day round table discussion
was held on 5th and 6th May 2018 at Puri, Odisha, to discuss, debate, and finalize the revised consensus state-
ments. Each statement of the guideline was graded according to the Grading of Recommendations Assessment
Development and Evaluation system with minor modifications. We present here the 2019 Update of INASL
Consensus on Prevention, Diagnosis, and Management of Hepatocellular Carcinoma in India: The Puri-2 Rec-
ommendations. ( J CLIN EXP HEPATOL 2020;10:43–80)
Table 1 Modified Grading of Recommendations, Assessment,
Development and Evaluation (GRADE).
Quality of evidence Criteria

I Randomized controlled trials

II-1 Controlled trials without randomization

II-2 Cohort or case-control analytical studies

II-3 Multiple time series, dramatic uncontrolled
experiments

III Opinions of respected authorities, descriptive
epidemiology

Strength of
recommendations

Criteria

Strong Factors influencing the strength of the
recommendation included the quality of the
evidence, presumed patient-important
outcomes, and cost
Primary liver cancer or hepatocellular carcinoma
(HCC) is one of the major causes of mortality
among patients with chronic liver disease.1 The inci-

dence and prevalence of HCC is rising in India, mainly
because of the epidemic of non-alcoholic fatty liver
disease and is poised to become the leading cause of cancer
in India.2,3 Although there are many consensus guidelines
on HCCmanagement fromUSA, Europe and Asia, most of
these fail to address India specific issues on HCC.4–11 The
Indian National Association for Study of the Liver (INASL)
had published its first guidelines on diagnosis and
management of HCC (The Puri Recommendations1) in
2014, and these guidelines were very well received by the
healthcare community involved in diagnosis and manage-
ment of HCC in India and neighboring countries. Howev-
er, since 2014 many new developments have taken place in
the field of HCC diagnosis and management, hence INASL
endeavored to update its 2014 consensus guidelines. A new
Task Force on HCC.

For the development of these revised guidelines, the
task force reviewed the previous guidelines as well as the
recent developments that have happened in various aspects
of HCC that needed to be incorporated in the new guide-
lines. A 2-day round table discussion was held on 5th
and 6th May 2018 at Puri, Odisha, to discuss, debate,
and finalize the revised consensus statements. Each topic
was discussed considering the most relevant data available
in literature and the final consensus statements were
formulated according to both scientific evidence and clin-
ical expertise of the involved physicians. Only those state-
ments were accepted which were unanimously approved
by themajority of the members of the taskforce. Each state-
ment of the guideline was graded according to the Grading
of Recommendations Assessment Development and Evalu-
ation (GRADE) system with minor modifications.12 The
strength of recommendations (strong or weak) thus re-
flects the quality (grade) of underlying evidence (I, II-1,
II-2, II-3, and III) (Table 1).
Weak Variability in preferences and values, or more
uncertainty. Recommendation is made with
less certainty, higher cost, or resource
consumption
EPIDEMIOLOGY OF HCC

Global epidemiology of HCC
HCC is among the leading causes of cancer death glob-
ally.11 According to the Global Burden of Disease Study
© 2019 Indian National Associa
2015, there were 854,000 incident cases of and 810,000
deaths due to liver cancer globally in 2015, contributing
to 20,578,000 disability-adjusted life-years. Number of
cases with incident liver cancer increased by 75% between
1990 and 2015; of this, 47% can be explained by changing
population age structures, 35% by population growth, and
�8% to changing age-specific incidence rates. The male-to-
female ratio for age-standardized liver cancer mortality was
2.8. Globally, hepatitis B virus (HBV) is estimated to ac-
count for 33% of liver cancer deaths, alcohol for 30%, hep-
atitis C virus (HCV) for 21%, and other causes for 16%;
these relative figures show substantial variation between
countries.13

Epidemiology of HCC in India
Data on the epidemiology of HCC from India are
sparse and of variable and uncertain quality. Data on
incidence of HCC as reported by various population-
based registries across the country show a marked
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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(>30-fold) variation in crude and age-adjusted incidence
rates of HCC. However, it is uncertain whether the data
from these different registries can be directly compared.
Estimates based on these data suggest that crude inci-
dence rate of HCC in India in the year 2015 was 2.8
cases per 100,000 population per year (males: 3.9, fe-
males: 1.6), and the crude mortality rate was 2.7 per
100,000 population per year.2 The registry data also
suggest a slight increase in the incidence of HCC over
time, but whether this reflects a true increase remains
uncertain. In the only observational study, incidence
of HCC in patients with cirrhosis was 1.6 per 100
person-years of follow-up, with fairly wide confidence
intervals (CIs) (0.55–2.64).14

Consensus statements Level Grade
J
ournal of Clinical and Experimental Hepatology | Janu
ary–Febr
� Data on epidemiology of HCC from India are
sparse and of variable and uncertain quality.
� The available data suggest that crude incidence
rate of HCC in India is 2.8 cases per 100,000
population per year (males: 3.9, females: 1.6),
and crude mortality rate is around 2.7 per
100,000 population per year.
II-2
� One study reported the incidence of HCC in pa-
tients with cirrhosis is 1.6 per 100 person-
years, with wide uncertainty bounds (95% CI:
0.55–2.64).
II-2
H
C
C

RISK FACTORS FOR HCC

HBV and HCV
Cirrhosis due to any cause may be complicated by develop-
ment of HCC. The risk is higher in persons with cirrhosis
due to chronic viral hepatitis than that due to other causes.
Also, the risk of HCC is higher when hepatitis has pro-
gressed to cirrhosis. Available data clearly indicate that in
HBV-related or HCV-related chronic liver disease, the risk
of HCC is higher with concomitant HIV co-infection;
HBV/HCV co-infection; chronic alcohol abuse; obesity;
diabetes mellitus; or aflatoxin exposure.15–26

Among non-cirrhotic persons with chronic HBV infec-
tion, HBeAg positivity is associated with a higher risk of
HCC than HBeAg negativity, though HBeAg-negative per-
sons have a higher risk than persons who do not have
HBV infection.27 In Indian HBV patients, HCC is more
often associated with HBV genotype D28 infection/mixed
genotype infection; high HBV DNA levels (>10,000
copies/mL); persistently elevated serum ALT levels; and
high level of hepatitis B surface antigen.28,29 A recent
meta-analysis showed that AA genotype in TNF-a
G308A and TNF-a G238A and CT genotype in TNF-a
C863T might increase HBV–HCC risk. Therefore, HBV
infection seemed to be a more important factor for
uary 2020 |
tumorigenesis of HCC than genetic predisposition in
G308A of TNF-a, and interaction between TNF-a
C863T polymorphisms and HBV infection might be asso-
ciated with increased HCC risk.30

In non-cirrhotic patients with chronic HCV infection,
HCC is most often associated with advanced fibrosis
though up to 10% of HCV-related HCC cases have only
mild degrees of fibrosis.31,32 Anti-HCV positivity33 and
high serum HCV RNA levels34 are factors associated with
higher risk of developing HCC.

The risk of HCC occurrence or recurrence following
direct-acting antiviral (DAA) for HCV therapy remains
unclear. An unexpectedly high rate of HCC recurrence
after treatment with DAAs was recently reported.35 The
aims of a meta-analysis by Cabibbo et al. were to esti-
mate the recurrence and survival probabilities of HCV-
related early HCC following complete response (CR) af-
ter potentially curative treatment and to identify predic-
tors of recurrence and survival. This meta-analysis
showed that recurrence risk and survival are extremely
variable in patients with successfully treated HCV-
related HCC.36 A subsequent meta-analysis showed
that there is no evidence that HCC occurrence or recur-
rence is different between patients receiving DAA or
interferon (IFN) therapy.37 In fact, sustained virological
response (SVR) post DAA reduces the incidence of
HCC. Cirrhosis, low albumin, low platelet, and alpha-fe-
toprotein (AFP) level posttreatment are indicators of
high HCC occurrence even after SVR.38 Long-term
follow-up studies are required to assess surveillance
strategy in patients treated with DAA.

Alcohol
Chronic alcohol consumption is an important risk factor
for HCC development. However, the incidence of HCC
associated with alcoholic cirrhosis is lower than the inci-
dence associated with cirrhosis of other etiologies,
including chronic HCV, chronic HBV, and hereditary he-
mochromatosis. It appears that the linkage between
compensated alcoholic liver disease-associated cirrhosis
and HCC is medium to high risk, with the risk increasing
with age and with quantity and duration of alcohol con-
sumption and is more pronounced in females. Studies
evaluating HCC risk in patients with cirrhosis associated
exclusively with alcohol consumption (with no evidence
of ongoing viral hepatitis infection) have suggested that
the 10-year cumulative incidence may range from 6.8 to
28.7%.39

Diabetes mellitus
There is increasing evidence from observational studies
suggests that DM is an important risk factor for HCC.
Vol. 10 | No. 1 | 43–80 45
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In a systematic review of 26 case–control and cohort
studies, diabetes was associated significantly with HCC
in 16 studies with a pooled odds ratio of 2.5. The signifi-
cant association between HCC and diabetes was indepen-
dent of alcohol use or viral hepatitis.40 Presence of
diabetes mellitus has also been shown to increase the
risk of HCC in patients with chronic HCV and HBV infec-
tion.19,41

Not only diabetes, even patients with prediabetes are at
higher risk for HCC. In a meta-analysis by Xu et al. of 8
cohort studies and 1 case–control study with 1384594 in-
dividuals, it was found that patients with prediabetes
Consensus statements

� Patients who have cirrhosis due to hepatitis C or hepatitis B have the highe
HCC as compared with chronic hepatitis or cirrhosis due to other etiolog

� In non-cirrhotic patients with chronic hepatitis B virus infection:
+ HBeAg positivity carries higher risk of developing HCC compared wit
+ HBeAg negativity carries higher risk of developing HCC compared with

� In non-cirrhotic patients with chronic hepatitis C virus infection:
+ HCC is most often associated with advanced fibrosis however in up to

may occur even with mild degrees of fibrosis.
+ Anti-HCV positivity is associated with higher risk of developing HCC t

tion.

� In patients with HBV- or HCV-related chronic liver disease the risk of HCC is
concomitant:

+ HIV co-infection
+ HBV/HCV co-infection
+ Chronic alcohol abuse
+ Obesity
+ Diabetes mellitus
+ Aflatoxin exposure

� In Indian HBV patients, HCC is more often associated with:

+ HBV genotype D infection/mixed genotype infection
+ High HBV DNA levels (>10,000 copies/mL)
+ Persistently elevated serum ALT levels
+ High level of hepatitis B surface antigen

� In Indian HCV patients, HCC is more often associated with:

+ HCV genotype 4 infection
+ High serum HCV RNA levels

� Chronic alcohol consumption is an important risk factor for HCC develop

� Obesity, diabetes mellitus, and non-alcoholic fatty liver disease are impo
HCC development.

� Regarding HCV patients treated with DAA:

+ There is no difference in occurrence or recurrence of HCC post-SVR in
IFN or DAA.

+ Cirrhosis, low albumin, low platelet, and AFP level posttreatment are in
occurrence even after SVR.

+ Long-term follow-up studies are required to assess surveillance strate
with DAA.

46 © 2019 Indian National Associa
showed an increased HCC risk (HR [hazards ratio] = 1.21;
95% CI, 1.13–1.30; P < 0.00001).42

Obesity
Existing literature supports obesity to be an important risk
factor for HCC. In a prospectively studied population of
more than 900,000 US adults (404,576 men and 495,477
women) who were free of cancer at enrollment in 1982,
there were 57,145 deaths from cancer during 16 years of
follow-up. Men and women with body mass index $35
were at 4.5 times and 1.6 times higher risk for HCC in com-
parison to those with normal weight, respectively.43 In
Level Grade

st rate of developing
ies.

II-2

h HBeAg negativity.
general population.

II-2

10% of cases, and it

han general popula-

II-2

increased if there is II-2

II-2

II-2

ment. II-2

rtant risk factors for II-2

patients treated with

dicators of high HCC

gy in patients treated

II-2 Strong

tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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addition as mentioned earlier, obesity is also an important
co-factor and has been shown to increase the risk of HCC
by 4 times in patients with CHC.18,41

Non-alcoholic fatty liver disease
Literature suggests that the incidence of HCC developing
in patients with cirrhosis due to non-alcoholic steatohepa-
titis (NASH) ranges from 2.4% over 7 years to 12.8% over 3
years.44 In addition, the Western and Indian data
suggest that the commonly labeled “cryptogenic” cirrhosis
leading toHCC, when investigated further turn out to have
histological or clinical features of non-alcoholic fatty liver
disease (NAFLD) in at least half of these patients.45–47

Additionally, strong evidence now exists showing that a
proportion of NASH can progress to HCC with the
absence of cirrhosis.48,49 In a recent meta-analyses, You-
nossi et al. reported that in patients with NAFLD, the
annual incidence of HCC was 0.44 per 1000 person-years,
whereas for those with NASH, the annual incidence of
HCC was 5.29 per 1000 person-years.50

Autoimmune hepatitis
According to a recent meta-analysis, patients with auto-
immune hepatitis (AIH)-related cirrhosis are at an
increased risk for HCC while AIH patients without
cirrhosis at index diagnosis, particularly those identified
from general populations, are at an extremely low risk
of HCC.51

Genetic risk factors
Micro-RNAs (miRNAs) are small, non-coding, single-
stranded RNA molecules with a typical length of 22 nucle-
otides. They also play an important role in physiologic and
pathologic processes including cell differentiation, prolif-
eration, apoptosis, and carcinogenesis and have been
implicated in the initiation and progression of various can-
cers. A meta-analysis by Dong et al. supports that the miR-
146a rs2910164 was associated with a decreased risk of he-
patocellular carcinoma.52 Another meta-analysis by Yu
et al. supported the proposition that the polymorphisms
of miR-146a rs2910164, miR-196a2 rs11614913, and
miR-196a2 rs11614913 may contribute to the susceptibil-
ity of HCC.53

Among other genetic risk factors, HLA-DRB1 *1 and
*11 allele polymorphisms were found to be protective fac-
tors, while *12 and *14 allele polymorphisms were risk fac-
tors for HCC development.54 Another meta-analysis
demonstrated that DNA repair genes (XPD gene As-
p312Asn and XRCC1 gene Arg399Gln) might be candidate
susceptibility loci for HCC.55 Indian data suggest that the
variants in low penetrance gene such as GSTM1 and
GSTT1 are associated with an increased HCC risk. Further,
an influence of GSTM1/T1 null genotypes may contribute
Journal of Clinical and Experimental Hepatology | January–February 2020 |
in the etiology of HCC in patients with higher cigarette
and alcohol consumption.56
PREVENTION OF HCC

Universal precautions
Universal precautions refer to the practice, in medicine, of
avoiding contact with patients' bodily fluids, by means of
the wearing of non-porous articles such as medical gloves,
goggles, and face shields. Universal precautions are in-
tended to prevent parenteral, mucous membrane, and
non-intact skin exposures of healthcare workers to
blood-borne pathogens. INASL reiterates that universal
precautions to avoid transmission of blood-borne viruses
in healthcare settings should be adopted.57,58

Hepatitis B vaccination
Vaccination against hepatitis B reduces the risk of HCC,
and the World Health Organization recommends hepatitis
B vaccination for all children worldwide. Because perinatal
or early postnatal transmission is the most important
source of chronic HBV infection globally, all infants
(including low birth weight and premature infants) should
receive their first dose of hepatitis B vaccine as soon as
possible after birth, ideally within 24 h.59 Unvaccinated
children up to 5 years age should also be vaccinated to
reduce the risk of HCC.

Antiviral therapy in patients with HBV and HCV
In patients with HBV, now accumulating evidence indi-
cates that antiviral therapy with the current nucleotide an-
alogs (NAs) entecavir or tenofovir, prescribed to control
hepatic inflammation and prevent or reverse liver fibrosis
can also reduce the risk of HCC, especially in Asian pa-
tients. The reduction of HCC risk may be by �30% in
cirrhotic patients and by�80% in non-cirrhotic patients.60

However, the risk is not eliminated even in the vast major-
ity of patients who remain in virological remission under
entecavir/tenofovir. Therefore, patients at increased base-
line HCC risk should continue to undergo HCC surveil-
lance even if they have achieved complete long-term
inhibition of viral replication and improvements in liver
histology.61 Regarding patients with HCV, in a recent
meta-analysis of 59 studies by Bang et al., it was shown
that antiviral treatment was associated with reduced devel-
opment of HCC, and this effect was intensified when SVR
was achieved.62 Thus, effective antiviral therapy should be
started in all eligible patients with chronic hepatitis B or C
infection to prevent HCC.

Prevention of HCC due to metabolic conditions
Epidemiological evidence links obesity, type 2 diabetes,
and NAFLD to the development of HCC, which is
Vol. 10 | No. 1 | 43–80 47
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rising at an alarming rate in a number of countries
including India. While there are no prospective ran-
domized clinical trial data supporting the use of spe-
cific therapies to reduce HCC risk in individuals
with the metabolic syndrome and NAFLD, evidence
from murine models and cohort studies has accumu-
lated in recent years. The simplest preventive measures
include lifestyle modification, including prevention of
obesity and control of metabolic diseases, such as dia-
betes and NAFLD.63,64

HCC prevention by reducing alcohol
consumption
Many case–control studies have reported that chronic
ethanol consumption is associated with an approximately
2-fold increased odds ratio for HCC.65 In 1988, the Inter-
national Agency for Research on Cancer identified
ethanol as a cancer-causing agent and listed a causal rela-
tionship between ethanol consumption and cancers of
the digestive tract, liver, and breast.66,67 Further, accord-
ing to the recent Liver Cancer Pooling Project, which is
a consortium of 14 US-based prospective cohort studies
that includes data from 1,518,741 individuals, compared
with non-drinkers, heavy alcohol consumption ($7
drinks/day) was associated with an 87% increased HCC
risk while light-to-moderate alcohol consumption of <3
drinks/day appeared to be inversely associated with
HCC risk.68

A meta-analysis suggested that the risk of HCC falls
by 6–7% a year after cessation of alcohol, but there re-
mains a large uncertainty around this estimate both sta-
tistically and in its interpretation. It is estimated that a
time period of 23 years is required after drinking cessa-
tion, with a correspondingly large 95% CI of 14–70
years, for the risk of HCC to be equal to that of never
drinkers.69,70 In view of these evidences, it is advisable
that steps should be taken to reduce alcohol consump-
tion.

Because patients with alcoholic cirrhosis are at an
increased risk of developing HCC, all patients with alco-
holic cirrhosis should be counseled and encouraged to
achieve abstinence to reduce the risk of development of
HCC.71 Further, patients with alcohol-related cirrhosis
should be screened for cofactors, including obesity, dia-
betes, cigarette smoking, and hepatitis B and C virus infec-
tions, and if detected, they should be managed
appropriately.71

Role of statins for HCC prevention
Recently, the use of statins has been reported to reduce the
risk of HCC, especially in patients with HBV or HCV.72,73

The suppressive effects of statins on carcinogenesis could
48 © 2019 Indian National Associa
involve their pleiotropic effects through both HMG-CoA-
dependent and HMG-CoA-independent pathways, such
as effects on inflammation, immunomodulation, angio-
genesis, apoptosis, and proliferation. Statins also reduce
liver fibrosis progression and cirrhosis, as well as portal hy-
pertension in HBV and HCV patients, thus indirectly
reducing the risk of HCC. In a recent meta-analysis, 6
cohort studies involving 11,8961 participants with 9530
incident cases of HCC, statistically significant association
was observed between increasing statins intake and HCC
risk reduction (OR = 0.46, 95%CI: 0.24–0.68, P < 0.001).74

Prospective randomized clinical trials are currently under-
way to determine the role of statins in HCC chemopreven-
tion. Pending the results of these trials, statins cannot be
recommended for HCC chemoprevention outside of clin-
ical trials.

Role of coffee and green tea in HCC prevention
An inverse association has been reported between coffee
drinking and the risk of HCC. In a recent meta-analysis
of 12 prospective cohort studies that investigated the asso-
ciation between coffee consumption and the risk of HCC,
the summary relative risks (RRs) for HCC were 0.66 (95%
CI: 0.55–0.78) for regular, 0.78 (95% CI: 0.66–0.91) for
low, and 0.50 (95% CI: 0.43–0.58) for high coffee consump-
tion, respectively. The summary RR for an increment of 1
cup per day was 0.85 (95% CI: 0.81–0.90).75 Similarly, ac-
cording to another meta-analysis involving 18 cohort
studies and 8 case–control studies (including >2.2 million
participants), an extra 2 cups per day of coffee was associ-
ated with a 35% reduction in the risk of HCC.76 Another
meta-analysis of 10 studies showed that the increasing
green tea intake might have a preventive effect against
HCC.77 However, these associations are weak and cannot
be the basis for any recommendation for the general pop-
ulation.

Role of metformin in HCC prevention
Metformin has recently attracted great attention for anti-
tumor effect in a wide range of malignancies including
liver cancer, through both insulin-dependent and
insulin-independent mechanisms.78 However, the evi-
dence for a cancer preventive effect for metformin has
not been consistently demonstrated. To better under-
stand the effect of metformin use on HCC risk in diabetic
patients, a meta-analysis of 19 studies involving 550,882
diabetic subjects was conducted, which suggested that
metformin use reduced the ratio of liver cancer by 48%
(OR = 0.52; 95% CI, 0.40–0.68) compared with non-
users. After adjusting for hepatitis B/C virus infection,
cirrhosis, obesity, behavioral factors, and time-related
bias, the association was stable, pooled OR ranged from
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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0.42 to 0.75. However, more randomized trials are still
needed to verify the results.79

Consensus statements Level Grade
J
ournal of Clinical and Experimental Hepatology | Jan
uary–Febr
� Universal precautions to avoid transmission of
blood-borne viruses in healthcare settings
should be adopted
III
 Strong
� For prevention of HCC, HBV vaccination is rec-
ommended to all new-borns and unvaccinated
children up to 5 years age
II-2
 Strong
� Effective antiviral therapy should be started in
all eligible patients with chronic hepatitis B or C
infection to prevent HCC
I
 Strong
� For prevention of HCC healthy lifestyle should
be encouraged including prevention of obesity
and control of metabolic diseases, such as
diabetes and NAFLD
II-2
 Strong
� Steps should be taken to reduce alcohol con-
sumption
I
 Strong
� All patients with alcohol-related cirrhosis should
be counselled and encouraged to achieve
abstinence to reduce the risk of development of
HCC
I
 Strong
� Patients with alcohol-related cirrhosis should be
screened for cofactors, including obesity,
diabetes, cigarette smoking and hepatitis B and
C virus infections, and if detected they should
be managed appropriately.
I
 Strong
C

H
C

SURVEILLANCE FOR HCC

HCC surveillance can detect early tumors that are poten-
tially amenable to treatment; hence, all patients at higher
risk of developing HCC and who are eligible for HCC ther-
apy are candidates for regular HCC surveillance. Even
though the evidence is not of the highest quality, several
prospective and retrospective studies, multiple modeling
studies, and a randomized-controlled trial, all have
concluded that surveillance is beneficial.80 Level of aware-
ness of physicians managing patients of chronic liver dis-
ease is a major factor in surveillance of HCC; there is a
need for greater healthcare provider awareness to improve
HCC surveillance.81

Following patients should be subjected to surveillance
for HCC: Child's A and B cirrhotic patients of any etiology;
Child's C cirrhotic patients of any etiology who are listed
for liver transplantation (LT); patients with chronic hepa-
titis B who have increased risk for HCC according to risk
scores such as CU-HCC or PAGE-B; and chronic HCV
with advanced fibrosis.

Tzartzeva et al. in a meta-analysis of 32 studies,
comprising 13,367 patients, compared the performance
of surveillance imaging, with or without AFP. They
found that ultrasound alone has a low sensitivity to
uary 2020 |
detect early stage HCC in patients with cirrhosis, and
addition of AFP to ultrasound significantly increases
sensitivity of early HCC detection in clinical practice.82

The pooled sensitivities of ultrasound with and without
AFP for early-stage HCC were 63% (95% CI, 48%–75%)
and 45% (95% CI, 30%–62%), respectively (P = 0.002).
The benefit of AFP as an adjunct test to ultrasound
was consistent across subgroups, including prospective
studies, studies conducted in the United States, and
studies conducted after the year 2000.82 Another smaller
meta-analysis of 11 studies by Caviglia et al. suggested
that the use of protein induced by vitamin K antago-
nist-II (PIVKA-II) + AFP in addition to US examination
may improve the effectiveness of surveillance among pa-
tients at risk for HCC development.83 However, larger
studies will be needed before PIVKA-II can be recom-
mended for surveillance.

These data suggest that, among currently available tests,
ultrasound in combination with AFP may be the most
effective strategy for HCC surveillance in patients with
cirrhosis. Hence, it is recommended that 6-monthly ultra-
sound abdomen by experienced personnel plus AFP level is
the recommended surveillance test. To increase the effec-
tiveness of surveillance, outreach strategies could be used
to double the percentage of patients with cirrhosis who un-
derwent ultrasound screening for HCC.84

Consensus statements Level Grade
V
ol. 10 | No. 1 | 43–80
� HCC surveillance can detect early tumors that
are potentially amenable to treatment; hence,
all patients at higher risk of developing HCC and
who are eligible for HCC therapy are candidates
for regular HCC surveillance.
I
 Strong
� Level of awareness of physicians managing
patients of chronic liver disease is a major fac-
tor in surveillance of HCC; there is a need for
greater healthcare provider awareness to
improve HCC surveillance.
III
 Strong
� Following patients should be subjected to sur-
veillance for HCC:

+ Patients with cirrhosis
- Child's A and B cirrhotic patients of any
etiology

- Child's C cirrhotic patients of any etiol-
ogy who are listed for liver transplanta-
tion

+ Patients without cirrhosis

- Patients with chronic hepatitis B who
have increased risk for HCC according to
risk scores such as CU-HCC or PAGE-B

- Chronic HCV with advanced fibrosis.
I
 Strong
� Six-monthly ultrasound abdomen by experi-
enced personnel plus AFP level is the recom-
mended surveillance test.
I
 Strong
49
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DIAGNOSIS OF HCC

If a nodule of size >1 cm is detected in the cirrhotic liver
during surveillance or random ultrasonogram, a dy-
namic (tri-phasic or four-phasic) computed tomography
(CT) or magnetic resonance imaging (MRI) scan should
be done, preferably at centers equipped with appropriate
equipment and expertise. These imaging modalities are
recommended as first-line diagnostic tools for HCC
when the nodule is detected in cirrhotic liver. The typical
vascular pattern depicted by HCC on dynamic CT or
MRI consists of arterial enhancement, stronger than
the surrounding liver (wash-in), and hypodensity or hy-
posignal intensity compared with the surrounding liver
(wash-out) in the venous phase. This happens because
in neoplastic lesions, active neoangiogenesis results in
stronger arterial vascularization, compared with the sur-
rounding liver parenchyma. Simultaneously, a progres-
sive decrease of the portal supply takes place, which
leads to a decrease of portal blood within the lesion
compared with the surrounding liver parenchyma in
venous phases. This typical pattern has a sensitivity of
around 60% with a 96–100% specificity for HCC,74 and
in presence of this pattern, no tissue diagnosis is
required. However, to achieve standardization in report-
ing of dynamic CT and MRI, LI-RADS lexicon should be
followed.85

However, these classical features of HCC (hypervascular-
ity of the nodule in arterial phase and washout in porto-
venous phase) can only be applied to cirrhotic patients hav-
ing nodule(s)$1 cm, because of the highpretest probability.
If a nodule of size <1 cm is detected in the liver, a 3-monthly
follow-up is recommended for 1 year using ultrasound for
any enlargement in size. If there is any change in pattern or
growth,dynamicCT/dynamicMRI shouldbedone.Nodules
<1 cm may also be evaluated for HCC with gadoxetic acid-
enhanced MRI (Gd-EOB-DTPA or Gd-BOPTA). In a meta-
analysis, it was found that gadoxetic acid-enhanced MRI
has superior diagnostic ability to dynamic CT in patients
with small lesions. In patients with any-sized lesions, there
is no evidence that gadoxetic acid-enhancedMRI is superior
to either dynamic CT or dynamic MRI.86

Nodular lesions that show an imaging pattern atypical
for HCC on one of the dynamic scans (CT or MRI)
should undergo the other dynamic scan (CT or MRI).
MR scans should preferably be gadoxetic acid-enhanced
(Gd-EOB-DTPA or Gd-BOPTA). If on second scan, the
features are typical of HCC in the setting of chronic liver
disease, then biopsy is not necessary for confirmation of
diagnosis. If on both the scans, the features are atypical
of HCC, then histological confirmation for diagnosis of
HCC is required.

In patients with renal failure (eGFR < 30 ml/min),
contrast enhanced ultrasound with SonoVue is recom-
mended for a lesion detected on ultrasonography (US).
50 © 2019 Indian National Associa
According to a meta-analysis by Huang et al., contrast
enhanced ultra sonography (CEUS) shows a diagnostic
ability comparable to that of contrast enhanced co-axial
tomography (CECT) in detecting small hepatocellular
carcinoma.87 In another meta-analysis of 16 studies,
CEUS was found to be useful for diagnosis of small
HCC with relatively high sensitivity and specificity.88

Consensus statements Level Grade
t
ion for Study of the Liver. Published by Elsevier B.V. A
ll rights r
� Dynamic CT, dynamic MRI, or gadoxetic acid-
enhanced MRI (Gd-EOB-DTPA or Gd-BOPTA) are
recommended as a first-line diagnostic tools for
HCC when a nodule is detected in surveillance
or random ultrasonogram in a cirrhotic liver.
I
 Strong
� Theclassical features ofHCC (hypervascularity of
the nodule in arterial phaseandwashout in porto-
venous phase) can only be applied to cirrhotic
patients having nodule(s)$1 cm, because of the
high pretest probability.
I
 Strong
� If a nodule of size <1 cm is detected in the liver:

+ A 3-monthly follow-up is recommended for 1
year using ultrasound for any enlargement
in size. If there is any change in pattern or
growth, dynamic CT/dynamicMRI should be
done.

+ Nodules <1 cm may also be evaluated for
HCC with gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid (Gd-
EOB-DTPA)-/Gd-BOPTA enhanced magnetic
resonance imaging (MRI) scan
I
 Strong
� If a nodule of size >1 cm is detected in the liver
a dynamic (tri-phasic or four-phasic) computed
tomography (CT) scan or MRI scan should be
done at centers equipped with appropriate
equipment and expertise.
I
 Strong
� If imaging is typical of HCC, characterized by
arterial phase hyperenhancement and washout
on portal venous phase, on CT or MRI, no tissue
diagnosis is required.
I
 Strong
� Nodular lesions that show an imaging pattern
atypical for HCC on one of the multiphasic dy-
namic scans (CT or MRI) should undergo the
other multiphasic dynamic scan (CT or MRI). MR
scans should preferably be Gd-EOB-DTPA or Gd-
BOPTA enhanced scans.
+ If on second scan the features are typical of

HCC in the setting of chronic liver disease
then biopsy is not necessary for confirma-
tion of diagnosis.

+ If on both the scans the features are atyp-
ical of HCC then histological confirmation
for diagnosis of HCC is required.
I
 Strong
� Reporting of abovementionedmulti detector co-
axial tomogrphy scanning (MDCT) or MRI should
preferably be done using the LI-RADS lexicon to
achieve standardization.
II-3
 Weak
� In patients with renal failure (eGFR<30ml/min),
contrast enhanced ultrasound with SonoVue is
recommended for a lesion detected on US.
II-3
 Weak
eserved.
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ROLE OF HISTOLOGY IN HCC DIAGNOSIS

The imaging modalities (dynamic CT and MRI) are recom-
mendedasfirst-linediagnostic tools forHCC incirrhotic liver.
Tissue diagnosis of HCC is not required in majority of cases.
However, in certain exceptional situations, tissue diagnosis
may be required. Tissue diagnosis is indicated when imaging
and other findings are equivocal or not typical or suspected
HCC, which are smaller than 2 cm. Tissue diagnosis may
also be indicated in larger lesions in non-cirrhotic livers.

The histological diagnosis of HCC is based on the resem-
blance of tumor cells to hepatocytes. The diagnosis is
straightforward when HCC is well differentiated, and its
neoplastic hepatocytes produce bile and are virtually iden-
tical to normal ones, showing also the same immunohisto-
chemical profile. It is challenging when lesions are less
differentiated, and the neoplastic cells lose their hepatocyte
trait or develop changes seen in other tumors (e.g. clear cell
change).89 Histological distinction of some small HCCs
from benign/dysplastic nodules may be difficult. Immuno-
histochemistry would be necessary for confirming the diag-
nosis and prognostic subclassification in most cases.
Wherever feasible, CK19 immunostaining may be done to
exclude a combined HCC-cholangicarcinoma since this
has a poorer prognosis when compared with pure HCC.
Several histopathological parameters that had been shown
to be significant predictors of prognosis are tumor number,
size, cell differentiation and grade, presence of satellite nod-
ules, and pTNM stage.90 These should be the minimum re-
quirements for reporting of HCC. For grading of HCC,
either standard 4 scale Edmonson Steiner System91 (Grade
I-IV) or 4 Grade system (Well Differentiated/Moderately
Differentiated/Poorly Differentiated/Undifferentiated)
should be followed.92 As far as possible, histological variants
must be indicated, e.g. trabecular, macrotrabecular, acinar,
pseudoglandular, solid, clear, fibrolamellar HCC, steatohe-
patiticHCC, scirrhousHCC, andmixedHCC-cholangio car-
cinoma (CCA). Presence of microemboli must be indicated.
All resected specimens should be submitted for histopatho-
logic evaluation, and in these cases, the state of adjacent/rest
of livermustbehighlighted including cirrhosis, chronichep-
atitis, NAFLD,metabolic liver disease, etc. Infiltrated or clear
margins of a resected specimen must also be indicated.

Fine Needdle Aspiration Cytology (FNACs) may not
yield sufficient material for immunohistochemistry unless
cell-blocks are prepared. Hence, needle core biopsies, at
least 2 are recommended. Needle-tract seeding refers to im-
plantation of tumor cells by contamination, when instru-
ments like biopsy needles are used to examine, excise, or
ablate a tumor. Needle-tract seeding ofHCCmay deter liver
biopsy. The incidence of needle-tract seeding varies in the
literature between 0% and 7.69%, with a median of
2.7%.93,94 Apparently, the larger the needle diameter and
the number of passes, or the lower the degree of tumor dif-
ferentiation, the higher the risk of seeding.
Journal of Clinical and Experimental Hepatology | January–February 2020 | V
Consensus statements Level Grade
ol. 10 | No. 1 | 43–80
� Tissue diagnosis of HCC is not required in ma-
jority of cases. Following are the indications of
tissue diagnosis:

+ When imaging and other findings are equiv-
ocal or not typical.

+ May be indicated in suspected HCC <2 cm
+ May be indicated in larger lesions in non-

cirrhotic livers
II-2
 Strong
� Needle track seedlings of HCC may deter liver
biopsy
II-2
 Strong
� All Resected specimens should be submitted
for histopathologic evaluation
II-2
 Strong
� FNACs may not yield sufficient material for
immunohistochemistry unless cell-blocks are
prepared. Hence, needle core biopsies, at least
2 are recommended.
II-2
 Strong
� Histological distinction of some small HCCs
from benign/dysplastic nodules may be difficult
II-3
 Weak
� Immunohistochemistry would be necessary for
confirming the diagnosis and prognostic sub-
classification in most cases.
II-1
 Strong
� Minimum requirements in reporting HCC are:

+ Grading of HCC must be included in the
reporting guidelines: Either standard 4
scale Edmonson Steiner Classification
(Grade I-IV) or 4 Grade system (Well
Differentiated/Moderately Differenti-
ated/Poorly Differentiated/Undifferenti-
ated)

+ As far as possible Histological Variants
must be indicated: e.g. trabecular, macro-
trabecular, acinar, pseudoglandular, solid,
clear, fibrolamellar HCC, steatohepatitic
HCC, scirrhous HCC, mixed HCC-CCA.

+ Presence of microemboli must be indicated
+ State of adjacent/rest of liver must be

highlighted including cirrhosis, chronic
hepatitis, NAFLD, metabolic liver disease,
etc. This is mandatory in resected speci-
mens

+ Infiltrated/clear margins of a resected
specimen must be indicated
II-2
 Strong
ROLE OF POSITRON EMISSION
TOMOGRAPHY SCAN IN MANAGEMENT OF
HCC

Positron emission tomography (PET) using 18F-fluoro-
deoxyglucose (18F-FDG) is widely used for assessing a va-
riety of malignancies and, however, has poor sensitivity in
the evaluation of HCC.95 Therefore, there is no signifi-
cant role of 18F-FDG PET/CT in diagnosis of HCC except
for detection of distant metastases. A recent meta-
analysis suggested that 18F-FDG PET with or without
51
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CT can diagnose extrahepatic metastases or local resid-
ual/recurrent HCC with high specificity (95%) but low
sensitivity (64%).9618F-FDG PET/CT may also play an
important role in prognostication of HCC. Higher the
standardised uptake value (SUV) (uptake) poor is prog-
nosis.97 Nowadays, 18F-FDG PET is also advised in the
pretransplant evaluation of HCC patients because of its
ability to predict HCC recurrence after LT.98

Consensus statements Level Grade
5
2 © 2019 I
ndian Nat
� There is no significant role of FDG PET/CT in
diagnosis of HCC except for detection of distant
metastases.
II-2
 Strong
� FDG PET/CT may play an important role in
prognostication of HCC. Higher the SUV (up-
take) poor is prognosis.
II-3
 Weak
DIAGNOSTIC AND PROGNOSTIC
BIOMARKERS

Tumor markers
AFP is the only tumor marker that has undergone exten-
sive evaluation. Estimation of serum AFP remains a useful
test for management of patients with HCC. The test, when
used with the conventional cut-off point of 500 ng/mL, has
a sensitivity of about 50% and a specificity of more than
90% in detecting the presence of HCC in a patient with co-
existing liver disease.99 However, AFP alone is not recom-
mended either in surveillance or diagnosis of HCC.

SerumAFP estimationmay also be useful inmonitoring
response to therapy, particularly as more effective loco-
regional and systemic treatments are becoming available.
Indeed, there is preliminary evidence that changes in serum
AFP may be a more accurate and sensitive way of deter-
mining the degree of response to treatment than conven-
tional imaging procedures that rely on physical
determination of tumor size.99 It may, perhaps, be time
to add changes in serum AFP to the conventional imaging
criteria for assessing response and tumor recurrence hence
recommended to be done before loco-regional therapy.

High levels of tumor markers are associated with worse
prognosis in HCC patients.100,101 A recent systematic re-
view of 13 studies had suggested that AFP >1000 ng/mL
is associated with poorer outcomes from LT for HCC.101

PIVKA-II is another biomarker for HCC used for diag-
nosis as well as prognosis. Combined with AFP, the sensi-
tivity and specificity of HCC diagnosis can be improved to
94% and 98%, respectively. PIVKA-II alone or in combina-
tion with AFP and/or AFP-L3 has been shown to be effec-
tive in predicting the treatment response and clinical
outcome of hepatectomy, LT, loco-regional therapy, sys-
temic therapy, and radiotherapy. Japanese clinical guide-
ional Associa
lines recommend the combined use of PIVKA-II and AFP
for the diagnosis of HCC, management of high-risk popu-
lation, and prognosis of anticancer treatment.102,103

Neutrophil to lymphocyte ratio and platelet to
lymphocyte ratio
A recent meta-analysis including 24 articles comprising
6318 patients revealed that a high neutrophil to lymphocyte
ratio (NLR) before treatment predicted a poor over all sur-
vival (OS) and poor recurrence free survival (RFS).Moreover,
an increased platelet to lymphocyte ratio (PLR) predicted a
poor OS and earlier HCC recurrence. In addition, both
theNLR and PLRwere identified as independent risk factors
for predicting OS and RFS in HCC patients in a subgroup
analysis of different treatment types, including curative or
palliative therapy.104 Another meta-analysis by Zhao
et al.105 and Song et al.106 also have suggested that PLR could
be used as prognostic marker in HCC.

Long non-coding RNAs
Increasing evidences have shown that long non-coding
RNAs (lncRNAs) are involved in cancer diagnosis and prog-
nosis. A recent meta-analysis by Hao et al.107 of 19 studies
including 1454 patients with HCC, suggested that lncRNAs
show a moderate diagnostic accuracy for HCC. The pooled
sensitivity, specificity, positive likelihood ratio, negative like-
lihood ratio, diagnostic odds ratio, and Are Under Curve
(AUC) for lncRNAs in the diagnosis of HCC were 0.83,
0.80, 4.2, 0.21, 20, and 0.88, respectively.107 Another meta-
analysis of 10 studies showed that lncRNAs were a high
diagnostic value for HCC, and its expression could poten-
tially be used as auxiliary biomarker in confirming HCC.108

Molecular classification of HCC
Cancer is a disease of the genome, and a large number of ge-
netic and epigenetic alterations are accumulated during the
process of hepatocarcinogenesis.109 Recent developments
using comprehensive genomic tools have enabled the identi-
fication of the molecular heterogeneity in human HCC.
Consequently, several molecular classifications of HCC
have been described using different approaches particularly
with the genetic, chromosomal, transcriptomic, miRNA,
and methylation profiling. An analysis of the biological fea-
tures ofHCC isnecessary for personalized therapy.However,
the full understanding of the HCC molecular classification
requires additional comprehensive studies using both
genomic and pathway analyses. A refinement of themolecu-
lar classification of HCC, taking into account the geograph-
ical and genetic diversity of the patients, will be essential for
an efficient design of the forthcoming personalized clinical
treatments. Hence, molecular classification of HCC is not
ready for clinical application.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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ransarterial chemoembolization; TARE, transarterial r
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uary–Febr
� AFP is the only tumor marker that has under-
gone extensive evaluation.
I

� AFP alone is not recommended either in sur-
veillance or diagnosis of HCC.
II-2
 Strong
� High levels of tumor markers are associated
with worse prognosis in HCC patients.
I

� AFP may have a role in assessing response to
loco-regional therapy and tumor recurrence
hence recommended to be done prior to loco-
regional therapy.
II-2
 Strong
� Molecular classification of HCC is not ready for
clinical application.
II-2
 Weak
H
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STAGING OF HCC

Staging of HCC is necessary for guiding management deci-
sion, prognostication, and uniformity of research proto-
cols. However, there is no globally accepted staging
system that allows for comparison of current management
protocols among heterogeneous populations. Despite the
limitations of the Barcelona-Clinic Liver Cancer (BCLC)
staging system, it remains the most validated and reliable
system for prognostication. However, modification of
BCLC staging system was needed to include recent data
on loco-regional and systemic therapies for HCC and
expanded criteria for transplantation. The INASLmodified
BCLC staging system is given in Figure 1. One of the most
nal Associatio
lization; SBR

uary 2020 |
important modifications of the BCLC system proposed
was with regard to end-stage cirrhosis. Patients with end-
stage liver cirrhosis with heavily impaired liver functions
(Child-Pugh class C) but with tumor size within Milan
criteria and PS # 2 should be considered for LT.

For appropriate staging of HCC a thorough assessment
of extra-hepatic spread is essential. For this a PET CT is rec-
ommended. However, a CT scan of abdomen plus chest
and a bone scan may also be used.

The treatment stage migration concept refers to patients
who at first glance would be treated with the option that
corresponds to their BCLC stage, but because of any coexist-
ing comorbidity, technical issue, or even treatment failure/
progression but still within the original stage cannot be
treated by the initial suggested treatment. These patients
then move to the treatment that would correspond to the
next stage.110 It is usually applied with a left to right direc-
tion in the scheme. For example, BCLC stage A patients
failing local ablation: offer TACE. BCLC stage B patients
not responding to at least 2 cycles of TACE: offer sorafenib.

Consensus statements Level Grade
n
T

V

for Study of the Liver; BCLC, Barcelona-Clinic Live
, stereotactic body radiotherapy.

ol. 10 | No. 1 | 43–80
r Cancer
� The INASL modified Barcelona-Clinic Liver
Cancer (BCLC) staging system is recommended
for prognostic prediction and treatment
allocation. The INASL modified BCLC staging
given in Figure 1.
III
 Strong
(Continued on next page )
; TACE,
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Consensus statements
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Grade
� Treatment stage migration: If patients do not
fulfil all criteria in each BCLC stage, offer the
next most suitable option within the same or
next prognostic stage. It is usually applied with
a left to right direction in the scheme. For
example:

+ BCLC stage A patients failing local ablation:
offer TACE.

+ BCLC stage B patients not responding to at
least 2 cycles of TACE: offer sorafenib.
III
 Weak
� Patients with end-stage liver cirrhosis with
heavily impaired liver functions (Child-Pugh
class C) but with tumor size within Milan criteria
and PS # 2 should be considered for liver
transplantation.
III
 Weak
� For assessment of extra-hepatic spread:
+ A PET CT is recommended.
+ A CT scan of abdomen plus chest and a

bone scan may also be used.
II-2
 Strong
TREATMENT OF VERY EARLY AND EARLY
HCC (BCLC 0 AND A)

Treatment options for very early and early HCC
Liver resection
The indications of liver resection (LR) are as follows: (i) non-
cirrhotic HCC, provided an R0 resection can be carried out
leaving an adequate liver remnant; (ii) resectable solitary
HCC in cirrhotic liver in patients with no clinically relevant
portal hypertension (Hepatic Venous pressure Gradient
[HVPG] # 10 mmHg and platelet count, $100,000), good
liver function, and adequate liver remnant, when ablation
is not possible for tumors#2 cm (BCLC-0) or as an alterna-
tive to LT for tumors >2 cm in size.

When opting for resection, anatomical resection is the
preferred approach, especially in patients with a small
(<5 cm) solitary tumor and good liver function. In a recent
meta-analysis of 25 studies, including 10,216 patients, Tan
et al. demonstrated better outcomes following anatomical
resection compared with non-anatomical resection.111

Anterior approach is superior to conventional approach
and has been shown by Hao et al.112,113 Recent meta-
analysis has suggested that laparoscopic minor LR in
cirrhotic patients with HCC is safe, with improved short-
term outcomes and comparable long-term survival and
should be considered as standard care.114 Li et al. suggested
that laparoscopic surgery minimized the release of circu-
lating tumor cells compared with open surgery for
HCC.115 Therefore, INASL recommends that in experi-
enced centers, LR may be considered via laparoscopic/
minimally invasive approaches, especially for solitary tu-
mors (#5 cm) in favorable locations. Wide surgical margin
ional Associa
($1 cm) should be aimed for because it has been shown
that it can significantly improve prognosis.116 Neoadju-
vant or adjuvant therapies (including sorafenib) have not
proven to improve outcome of patients successfully treated
with curative resection.

Ablative therapies
Image-guided percutaneous ablation is regarded as one of
the most common and effective treatment modalities for
very early and early HCC. It includes percutaneous ethanol
injection (PEI), microwave ablation (MWA), radiofre-
quency ablation (RFA), irreversible electroporation (IRE),
and cryoablation. Ablation is minimally invasive and easily
repeatable for recurrence. PEI used to be the standard in
ablation. However, of all ablative modalities, RFA is the
preferred modality for HCC and has now replaced PEI as
the most frequently used ablative therapy. There is evi-
dence that RFA is superior to ethanol injection, in terms
of better survival, local control of the disease, fewer treat-
ment sessions needed to complete treatment, and reduced
local tumor recurrence rate.117,118 Also there have been
studies where RFA was combined with PEI for better re-
sults.119 New-generation MWA can create a larger ablation
volume in a shorter time period. One meta-analysis indi-
cated a similar efficacy between RFA and MWA with an
apparent superiority of MWA in larger neoplasms.120

The initial Indian experience with IRE, which is a non-
thermal ablation method that delivers short electric pulses
to induce cell death due to apoptosis, was promising; how-
ever, it requires further studies, especially in terms of long-
term outcomes.121 Neoadjuvant or adjuvant therapies
(including sorafenib) have not proven to improve outcome
of patients successfully treated with ablation.122

Liver transplantation
LT has been accepted worldwide as the most effective treat-
ment modality for patients with HCC. Majority of the
HCC arise from a cirrhotic liver, and because of the pres-
ence of impaired liver function, curative therapies such as
partial hepatectomy and tumor ablation are not suitable
options. LT is thought to be an ideal treatment for
cirrhotic patients with HCC because it removes the tumor
with the largest possible margin and replaces it with a non-
cirrhotic liver.123 The most common indication for LT is
HCC within Milan criteria (single tumor #5 cm or multi-
ple tumors#3 nodules#3 cm in size, without vascular in-
vasion). UCSF criteria have been the most validated
expanded criteria (single nodule #6.5 cm or 2–3 nodules
#4.5 cm and total tumor diameter #8 cm) for selection
without compromising results.

Post-LT immunosuppression needs to be tailored in pa-
tients with HCC because calcineurin inhibitors (CNIs) pro-
mote tumor growth. High blood CNI level predisposes to
early tumor recurrence. Hence, CNI minimization should
be attempted in all patients transplanted for HCC taking
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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care of risk of rejection. mTOR inhibitors may delay the
recurrence of HCC and improve overall recurrence-free sur-
vival. mTOR inhibitors can be used in patients trans-
planted for HCC.

Choice of treatment for very early and early HCC
In non-cirrhotic liver
HCC in non-cirrhotic liver is generally more advanced at
the time of diagnosis as compared with cirrhotic HCC,
as non-cirrhotic HCC is usually detected late because
of the occurrence of cancer-related symptoms, outside
any scheduled surveillance program.124 However, in spite
of large size, these tumors have a much higher amena-
bility to hepatic resection,125 because of the low risk of
liver failure even after extended parenchymal mutila-
tion.124 According to a recent systematic review, hepatec-
tomy for non-cirrhotic HCC carries low perioperative
morbidity and mortality and offers favorable long-term
outcomes.126 Hence, in patients with a non-cirrhotic
HCC, resection is the treatment of choice provided,
and an R0 resection can be carried out leaving an
adequate liver remnant.

Solitary tumor size #2 cm in cirrhotic liver
In a cirrhotic patient, with resectable solitary HCC of size
#2 cm (BCLC-0), the clinical outcome of RFA is compara-
ble to LR.127 A meta-analysis by Jia et al. that included 15
studies found that the OS and DFS were equivalent for pa-
tients receiving RFA versus resection in patients with small
solitary tumors (<3 cm) and good liver status based on
Child-Pugh score.128 Cochrane network meta-analysis129

also found no evidence of a difference in all-causemortality
at maximal follow-up between surgery and RFA in people
eligible for surgery. All-cause mortality at maximal follow-
up was higher with percutaneous acetic acid injection and
PEI than with RFA in people not eligible for surgery.129

Hence INASL recommends that in cirrhotic patients, with
resectable solitary HCC of size #2 cm (BCLC-0), RFA
should be offered as the first line treatment option, pro-
vided the tumor is in favorable location (i.e. neither subcap-
sular nor centrally located or adjoining gall bladder).

Solitary tumor size >2 cm in cirrhotic liver
For resectable solitary tumor of size >2 cm, LT should be
considered as the preferred option if within transplant
criteria because of better outcome of LT than LR. A
meta-analysis of 9 studies by Menahem et al.130 compared
the effects of LT and LR on OS and DFS in patients within
Milan criteria. The meta-analysis found no between-group
difference in 1-, 3-, and 5-year OS rates. However, 10-year
OS rates were better in patients who underwent LT. A com-
parison of DFS rates showed similar results at 1 year,
but better 3- and 5-year DFS rates in patients who under-
went LT than LR.130
Journal of Clinical and Experimental Hepatology | January–February 2020 |
Resection can be a treatment option for resectable soli-
tary tumor >2 cm only when the patient has good liver func-
tion, there is no clinically significant portal hypertension
(HVPG #10 mmHg and platelet count $100,000), and
adequate liver remnant can be ensured. The relevance
platelet count $100,000 was documented by Zhang et al.
in a meta-analysis which found that preoperative platelet
count could act as a significant biomarker in the prognosis
ofHCC, especially a platelet count of$100� 103/cumm.131

If LTand resection cannot bedone,RFAshouldbeoffered
provided the tumor is <3 cm and in favorable location; and
RFA + TACE should be offered if tumor size is between 3
and 5 cm. However, the results of RFA + TACE are slightly
inferior to LR. According to a recent meta-analysis,132

although TACE + RFA combined therapy and LR had a
similar 1-yearOS, 3-yearOS, 1-yearRFS, and3-yearRFS rates
for early HCC, the 5-year OS rate and 5-year RFS rate were
lower in patients with TACE + RFA than in those with LR.
Thus, the authors concluded that LR is associated with bet-
ter long-term survival outcomes and a lower recurrence rate
than TACE + RFA for patients with early HCC and is the
optimal choice for patients with early HCC.132

Multiple tumors in cirrhotic liver within transplant
criteria
LT is the best treatment option for adult patients with
cirrhosis and HCC within Milan criteria (single tumor
#5 cm or multiple tumors #3 nodules #3 cm in size,
without vascular invasion). The Milan criteria remain the
gold standard criteria for selection of patients with HCC
for LT in the DDLT setting. In this setting, the UCSF
criteria have been also validated in several studies and
have yielded similar outcomes. Major vascular invasion
and extrahepatic metastases are an absolute contraindica-
tion for LT for HCC.

In countries where LDLT is predominant, Milan criteria
may be too restrictive. Hence, currently most LDLT centers
follow expanded criteria and have acceptable results. UCSF
criteria have been themost validated expanded criteria (sin-
gle nodule #6.5 cm or 2–3 nodules #4.5 cm and total tu-
mor diameter#8 cm) for selection without compromising
results. In a well-matched cohort, there is no difference in
overall survival and disease-free survival of LT for HCC,
with respect to the type of graft (living vs. deceased donor).
In LDLT predominant centers, primary LT is a better treat-
ment strategy in a Child A cirrhotic with initially resectable
and transplantable HCC (early HCC as per BCLC staging)
compared with upfront resection � salvage transplanta-
tion for recurrence.

If LT is not an option for patients meetingMilan criteria
combination of TACE plus RFA should be offered. Minor
LR may also be considered in these patients with mild por-
tal hypertension when complete resection is possible with
adequate tumor free margin.
Vol. 10 | No. 1 | 43–80 55
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In the DDLT setting, where waiting time for LT is more
than 6 months, bridging therapy may be recommended
for those within listing criteria to reduce the chances of
tumor progression during waiting period. A recent
meta-analysis by Kulik et al. of 63 comparative and non-
comparative studies showed that in patients with HCC
listed for LT, the use of LRT is associated with a non-
significant trend toward improved waitlist and posttrans-
plant outcomes, though there was a high risk of selection
bias in the available evidence.133 However, another meta-
analysis by Huang and Lu of 12 studies including 1504
patients suggested that preoperative LRT had no impact
on survival following LT for HCC. The RFS rate also
had no association with preoperative LRT.134 The choice
LRT for bridging therapy to be offered will depend on
local availability of expertise and experience as well as pa-
tients ability to afford (in privately funded centers). How-
ever, caution needs to be applied when choosing TACE
because a recent meta-analysis by Si et al.,135 which evalu-
ated the influence of preoperative TACE on LT showed
that preoperative TACE had no obvious effect on
improving overall survival but resulted in a higher rate
of vascular complications and a reduction of disease-free
survival.135

Multiple tumors in cirrhotic liver within transplant
criteria: downstaging therapy
In patients beyond, the Milan criteria LT may be consid-
ered if patient can be successfully downstaged into the Mi-
lan criteria using locoregional therapy. There is no
standard, agreed-upon waiting period following downstag-
ing to determine efficacy of downstaging and subsequent
optimal timing for LT. In patients beyond Milan criteria,
if LT is not an option using expanded criteria or downstag-
ing, feasibility of LR should be assessed, preferably in a
multidisciplinary setting.

Role of sorafenib as adjuvant treatment in combination
with other modalities in early HCC
Sorafenib is not indicated in early HCC (BCLC 0 or A) or
intermediate stage HCC (BCLC B), either alone or in com-
bination with other modalities. According to a meta-
analysis published in 2017, there was no convincing evi-
dence of sorafenib as an effective adjuvant therapy in pa-
tients with HCC after resection.136 Bruix et al. conducted a
large, multicentric, phase 3, double-blind, placebo-
controlled study on patients with HCC who achieved a
complete radiological response after surgical resection
or local ablation to test the efficacy and safety of sorafenib
versus placebo as adjuvant therapy (STORM trial). How-
ever, the study noted no difference in median
recurrence-free survival between the two groups.122 A sub-
sequent meta-analysis also showed no advantage of
combining sorafenib with RFA.137 There was also no
apparent benefit of preemptive sorafenib therapy in liver
56 © 2019 Indian National Associa
transplant recipients with HCC on explant.138 In patients
on transplant waiting list, there was no advantage of add-
ing sorafenib to TACE as bridging therapy.139 Thus, the
current literature does not support Sorafenib use as
neo-adjuvant or adjuvant therapy with resection, abla-
tion, or LT in early HCC.

Consensus statements Level Grade
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ion for Study of the Liver. Published by Elsevier B.V. A
ll rights r
� In patients with a non-cirrhotic liver with HCC,
resection is the treatment of choice provided an
R0 resection can be carried out leaving an
adequate liver remnant.
II-2
 Strong
� Of all ablative modalities, RFA is the preferred
modality for HCC and has now replaced PEI as
the most frequently used ablative therapy.
I
 Strong
� In a cirrhotic patient, with resectable solitary
HCC #2 cm (BCLC-0), the clinical outcome of
RFA is comparable to LR. Hence, RFA should be
offered as the first line treatment option, if the
tumor is in favorable location.
I
 Strong
� For resectable solitary tumor >2 cm in size:

+ Liver transplantation should be considered
as the preferred option for tumors within
transplant criteria.

+ Resection is a treatment option especially
in patients with no clinically relevant portal
hypertension (HVPG # 10 mmHg and
platelet count, $100,000), good liver
function, and adequate liver remnant.

+ If liver transplantation and resection cannot
be done:
- RFA should be offered provided the tu-
mor is < 3 cm and in favorable location

- RFA + TACE should be offered if tumor
size is between 3 and 5 cm
II-2
 Strong
� Criteria for LT:

+ Milan criteria (single tumor #5 cm or mul-
tiple tumors #3 nodules #3 cm in size,
without vascular invasion) remain the gold
standard for selection of patients with HCC
for LT in the DDLT setting.

+ In the DDLT setting, the UCSF criteria have
been also validated in several studies and
yield similar outcomes.
II-1
 Strong
� Liver transplantation is the best treatment op-
tion for adult patients with cirrhosis and HCC
within Milan criteria
II-1
 Strong
� If LT is not an option for patients meeting Milan
criteria:

+ Combination of TACE plus RFA should be
offered.

+ Minor liver resection may be considered in
these patients with mild portal hypertension
when complete resection is possible with
adequate FLR.
II-1
 Strong
eserved.
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� In patients beyond the Milan criteria:

+ Liver transplantation may be considered if
patient can be successfully downstaged
into the Milan criteria using locoregional
therapy.
- There is no standard, agreed-upon wait-
ing period following downstaging to
determine efficacy of downstaging and
subsequent optimal timing for liver
transplantation.

+ If liver transplantation is not an option in
these patients, feasibility of liver resection
should be assessed, preferably in a multi-
disciplinary setting.
II-3
 Weak
� In countries where LDLT is predominant:

+ Milan criteria may be too restrictive.
Currently most LDLT centers follow beyond
Milan criteria and have acceptable results.

+ UCSF criteria have been the most validated
expanded criteria (single nodule#6.5 cm or
2–3 nodules #4.5 cm and total tumor
diameter #8 cm) for selection without
compromising results.
II-3
 Strong
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� Neoadjuvant or adjuvant therapies (including
sorafenib) have not proven to improve outcome
of patients successfully treated with curative
resection or ablation.
II-2
 Strong
� Better survival outcomes are obtained after
anatomical resection compared with non-
anatomical resection in patients with early HCC,
especially with small (<5 cm), solitary tumors,
in patients with good liver function.
II-2
 Strong
� In experienced centers, LR may be considered
via laparoscopic/minimally invasive ap-
proaches, especially for solitary tumors
(#5 cm) in favorable locations.
II-3
 Weak
� In the DDLT setting, where waiting time for liver
transplantation is more than 6months, bridging
therapy may be recommended for those within
Listing Criteria to reduce the chances of tumor
progression during waiting period.
II-3
 Weak
� The choice of locoregional therapy for bridging
therapy to be offered will depend on local
availability of expertise and experience as well
as patients ability to afford (in privately funded
centers).
II-3
 Weak
� In a well-matched cohort, there is no difference
in overall survival and disease-free survival of LT
for HCC, with respect to the type of graft (Living
vs. Deceased donor)
II-2
 Weak
� Major vascular invasion and extrahepatic me-
tastases are an absolute contraindication for LT
for HCC.
II-2
 Strong
(Continued on next page )
uary 2020 |
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� In LDLT predominant centers, primary liver
transplantation is a better treatment strategy in
a Child A cirrhotic with initially resectable and
transplantable HCC (early HCC as per BCLC
staging) compared with upfront
resection � salvage transplantation for recur-
rence.
II-2
 Weak
� CNIs promote tumor growth. High blood CNI
level predisposes to early tumor recurrence.
Hence, CNI minimization should be attempted
in all patients transplanted for HCC taking care
of risk of rejection.
II-2
 Strong
� mTOR inhibitors may delay the recurrence of
HCC and improve overall recurrence-free sur-
vival. mTOR inhibitors can be used in patients
transplanted for HCC.
II-2
 Weak
TREATMENT OF INTERMEDIATE STAGE HCC
(BCLC B)

TACE and TAE
Transcatheter arterial embolization (TAE) was first re-
ported by Doyon et al. in 1974 as a novel treatment for ma-
lignant liver tumors.140 Later, Nakakuma showed that
utilization of lipiodol allowed inclusion of chemotherapy
with TAE, and thus the practice of transarterial chemoem-
bolization (TACE) became widespread.141 TACE combines
conventional TAE with regional chemotherapy to selec-
tively induce ischemia and chemotherapy effects within
the tumor while minimizing damage to the untreated
liver.142 For the treatment of HCC classified as intermedi-
ate stage according to the BCLC staging system (BCLC-B)
lipiodol TACE (also known as conventional TACE, cTACE)
is recommended as the standard of care.

The primary indication of TACE is inoperable, large, or
multinodular, non-invasive tumors isolated to the liver in
patients who are asymptomatic and have less than 50% tu-
mor volume and do not have any hepatic decompensation.
TACE is also indicated in patients of BCLC stage A, in
whom local ablation has technical limitations and for
downstaging patients for transplantation. TACE in combi-
nation with RFA is also recommended in patients with tu-
mor size of 3–5 cm. According to a meta-analysis by Yang
et al., the use of TACE plus RFA for intermediate stage he-
patocellular carcinoma can attain higher tumor response
rates and improve survival rates than TACE alone.143

TACE is contraindicated in patients with poorly compen-
sated advanced liver disease (Child class C); patients with
encephalopathy, refractory to medical management; poor
performance status (Eastern Co-operative Oncology
Group [ECOG] status > 2); uncorrectable coagulopathy;
hepatofugal blood flow; main portal vein thrombosis;
57
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patients with contraindications to contrast media; and
pregnancy.

A systematic review of 7 RCTs, involving 545 patients
showed that arterial embolization improved survival
compared with control.144 According to another recent sys-
tematic review,145 the objective response rate with lipiodol
TACE is 52.5% (95% CI: 43.6–61.5). The OS is 70.3% at 1
year, 51.8% at 2 years, 40.4% at 3 years, and 32.4% at 5 years.
The median OS is 19.4 months (95% CI: 16.2–22.6). Liver
enzyme abnormalities are the most commonly observed
adverse events, followed by the symptoms associated with
postembolization syndrome. The overall procedural mor-
tality rate is 0.6%, and the most common cause of death
is related to acute liver insufficiency.145

Two TACE techniques have been used since 2004, con-
ventional TACE (cTACE) and TACE with drug-eluting
beads (DEB-TACE). Drug-eluting beads (DEBs) were devel-
oped to slowly release chemotherapeutic agents and to in-
crease ischemia intensity and duration.146 DEB-TACE has
comparable local response and comparable overall survival
to cTACE but has less systemic side-effects. Hence, DEB-
TACE may be preferred in select patients. According to a
meta-analysis by Chen et al., compared with cTACE,
DEB-TACE therapy significantly improved 1-, 2-, and 3-
year OS rates and the 1- and 2-year RFS rates.147 A meta-
analysis suggested that cone-beam CT could significantly
increase detection of tumors and tumor feeding arteries
during TACE148 (Level of evidence II-2). Thus cone-beam
CT should be considered as an adjunct tool to digital sub-
straction angiography (DSA) during TACE.

Bland trans-arterial embolization (TAE) is also effica-
cious for HCC. A network meta-analysis of RCTs by Katsa-
nos et al. showed that chemoembolization and
radioembolization for unresectable HCC may improve tu-
mor objective response and patient survival but are not
more effective than bland particle embolization.149 Howev-
er, the studies comparing TAE and TACE are few and of
low to moderate quality, hence at present, bland TAE is
not recommended.

TACE is indicated in patients with unresectable HCC.
For patients with resectable HCC, LR is superior to
TACE. A meta-analysis 4 cohort studies including 861 pa-
tients looking at optimal treatment for solitary HCC
$5 cm compared LR and TACE to an absence of viable tu-
mor. The results suggested that LR resulted in greater sur-
vivability and time to disease progression than TACE for
solitary HCC $5 cm. The authors concluded that where
a patient is fit for surgery, has adequate liver function,
and a favorable tumor, resection should be considered.150

TACE combined with other modalities
TACE can also be combined with other loco-regional ther-
apies in select patients. A network meta-analysis of RCTs
by Katsanos et al. suggested that chemoembolization com-
58 © 2019 Indian National Associa
bined with external radiotherapy or local liver ablationmay
significantly improve tumor response and patient survival
rates over embolization monotherapies.149 Another
network meta-analysis suggests that TACE + external
beam radiotherapy (EBRT) was more effective than the
other seven minimally invasive procedures (TACE, DEB-
TACE, transarterial radioembolization [TARE], TACE +
high intensity focussed ultrasonography [HIFU], TACE +
PEI, TACE + sorafenib, and trans arterial Ethanol Ablation
[TEA]), and therefore, it is considered as the optimal treat-
ment for unresectable HCC.151 There is emerging evidence
to suggest that TACE in combination with sorafenib is
more effective than TACE alone.152

TARE
TARE, also known as selective internal radiation therapy
(SIRT), is a form of radiation therapy that involves embo-
lization in conjunction with a radiotherapy agent into the
arteries that supply the HCC. It is indicated in select group
of patients with advanced HCC, such as patients with por-
tal vein thrombosis with good liver function (Child A).
There are two main categories of radioembolic agents
approved for clinical use. First category is based on
micron-range particulates that encapsulate or adsorb ther-
apeutic radionuclides, like yttrium-90-bearing glass
spheres (Therasphere�) or polymeric selective internal ra-
diation spheres (SIR-spheres�). Second category is lipiodol
or related embolic substances tagged with therapeutic ra-
dionuclides (e.g. rhenium-188 or iodine-131). The thera-
peutic effect of all these types is based on local
deposition of radiation dose by high-energy beta radiation.
Worldwide yttrium-90–based microspheres are more
commonly used form of TARE.

Although, TARE can be successfully used in all patients
in whom TACE is indicated, however, literature has not
documented any superiority of TARE over TACE. In pa-
tients who are suitable for both TACE and TARE, TACE
should be preferred, because in these patients, the median
survival of TACE has been found to be comparable to
TARE. In a meta-analysis that compared clinical outcomes
of TACE versus TARE in unresectable HCC, there was no
statistically significant difference in survival for up to 4
years between the two groups (HR = 1.06; 95% CI 0.81–
1.46, P = 0.567). Also, there was no difference in partial
or CR rates between the two groups.153

TARE is probably more suitable in situations where
TACE cannot be done or is relatively contraindicated.
Thus, TARE is indicated in select group of patients with
advanced HCC, such as patients with portal vein throm-
bosis. A recent systematic review demonstrated Y-90
TARE achieved a median disease control rate of
74.3% and median survival of 9.7 months in patients of
HCC with portal vein tumor thrombosis.154 TARE is also
suitable in patients whom TACE had failed. Vilgrain et al.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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in an open-label randomized controlled phase 3 trial
(SARAH Trial), compared the efficacy and safety of sorafe-
nib to that of SIRT with 90Y resin microspheres in patients
with locally advanced or intermediate-stage HCC after un-
successful TACE. They found that overall survival did not
significantly differ between the groups receiving sorafenib
and SIRT. However, tumor response and quality of life
(QOL) were significantly better in the SIRT group than
in the sorafenib group, and safety was better in the SIRT
group than in the sorafenib group. The authors suggested
that quality of life and tolerance might help when
choosing between the two treatments.155 In an another
meta-analysis, Ludwig et al.156 showed greater 1-year sur-
vival benefit of DEB-TACE over 90Y-radioembolization.
DEB-TACE also had a favorable 2- and 3-year survival
benefit trend over 90Y-radioembolization. There was no sig-
nificant difference for tumor response detected. However,
in the meta-analysis adjusted indirect comparison method
was applied because insufficient direct evidence between
90Y-radioembolization and DEB-TACE were available.
The authors recommended that direct comparison of these
methods for a more robust evaluation is warranted.156 In a
direct comparison of cTACE and Y90 radioembolization in
patients of BCLC stages A or B, Salem et al. found Y90 ra-
dioembolization to provide significantly longer time to
progression (TTP) than cTACE. Also, Y90 radioemboliza-
tion provided better tumor control and could reduce
dropout from transplant waitlists.157

TARE is contraindicated in BCLC-D patients, Child C
status, patients who have contraindications to angiog-
raphy, patients with prior external beam radiotherapy, pa-
tients with significant hepatopulmonary shunt (>20%),
and patients with extra hepatic metastases.

Role of sorafenib as adjuvant treatment in
intermediate HCC
The START trial published in 2015 reported that a combi-
nation of TACE and sorafenib on an interrupted dosing
schedule is well tolerated in patients with intermediate
stage unresectable HCC.158 Subsequently, a post hoc anal-
ysis of the START trial suggested that with a high patient
tolerance to an interrupted sorafenib dosing schedule, the
combination of TACE with sorafenib was associated with
improved OS in early-intermediate stage HCC when
compared with treatment with TACE alone.159 According
to a 2016 meta-analysis that included 4 RCTs, including
a total of 887 patients with early or intermediate stage
HCC, tested the efficacy and safety of TACE plus sorafenib.
The pooled results showed that TACE plus sorafenib
significantly improved TTP. Nevertheless, the OS, ORR,
and DCR were not improved. Moreover, the incidence of
treatment-related adverse events (AEs) was higher in the
TACE plus sorafenib group.160 Hence, addition of sorafe-
Journal of Clinical and Experimental Hepatology | January–February 2020 |
nib to TACE is not recommended at present, till more
data emerges. According to a Cochrane network meta-
analysis published in 2017, that included 3 RCTs,
including 430 participants, there was no evidence that peo-
ple with intermediate-stage HCC would benefit from sora-
fenib either alone or when TACE was used as a co-
intervention.161 However, it may still be given to those pa-
tients of intermediate stage HCC (BCLC-B) who are not
suitable for or progressing despite locoregional therapy.

Consensus statements Level Grade
V
ol. 10 | No. 1 | 43–80
� Lipiodol TACE (conventional TACE, cTACE) is
recommended as the standard of care for the
treatment of lesions classified as intermediate
stage according to the BCLC staging system.

+ Primary indication of TACE:
- Inoperable, large, or multinodular, non-
invasive tumors isolated to the liver in
patients who are asymptomatic and
have less than 50% tumor volume and
do not have any hepatic decompensa-
tion

+ Secondary indications of TACE:

- Patients of BCLC stage A, in whom local
ablation has technical limitations

- For downstaging patients for transplan-
tation
I
 Strong
� TACE is contraindicated in patients with:

+ Poorly compensated advanced liver dis-
ease: Child class C

+ Encephalopathy, refractory to medical
management

+ Poor performance status, ECOG>2
+ Uncorrectable coagulopathy
+ Hepatofugal blood flow
+ Main portal vein thrombosis
+ Contraindications to contrast media
+ Pregnancy
I
 Strong
� Bland trans-arterial embolization (TAE) is also
efficacious for HCC; however, outcome with
TACE is better than bland TAE. Hence, bland
TAE is not recommended.
I
 Strong
� TACE with drug-eluting beads (DEB-TACE) has
comparable local response and comparable
overall survival to cTACE but has less systemic
side-effects. Hence, DEB-TACE may be
preferred in select patients.
I
 Strong
� TACE in combined with RFA has shown signifi-
cantly higher recurrence free survival and over-
all survival, especially in patients with HCC
larger than 3 cm; hence it is recommended if
tumor size is 3–5 cm.
I
 Strong
(Continued on next page )
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� Transarterial radioembolization (TARE) (also
known as transarterial radioisotope therapy,
TART and selective internal radiation therapy,
SIRT) is indicated in select group of patients
with advanced HCC, such as patients with por-
tal vein thrombosis with good liver function
(Child A).
II-2
 Weak
� TARE is contraindicated in patients with:

+ BCLC-D
+ Child C
+ Who have contraindications to angiography
+ Prior external beam radiotherapy
+ Significant Hepato-pulmonary shunt (>20%)
+ Extra hepatic metastases
I
 Strong
� In patients who are suitable for both TACE and
TARE, TACE should be preferred, because in
these patients the median survival of TACE has
been found to be comparable to TARE.
II-2
 Weak
TREATMENT OF ADVANCED HCC (BCLC C)

The stage BCLC C includes a heterogeneous population,
which can be subclassified according to clinical features,
performance status, macrovascular invasion, and extrahe-
patic spread. Depending upon the reason for their alloca-
tion to this stage the OS can vary widely from 38.6
months to 3.1 months.162 Sorafenib is the standard treat-
ment in patients with stage BCLC C.

Since the approval of sorafenib for patients with
advanced HCC in 2007, many drugs have failed in the first-
and second-line setting. Fortunately, between 2017 and
2018, four drugs (regorafenib, lenvatinib, cabozantinib,
and ramucirumab) were found to be effective and tolerable
for patients with HCC as the first- or second-line ther-
apy.163

Recently, data are now emerging that TARE can also be
offered to patients of stage BCLC C. Vilgrain et al. in an
open-label randomized controlled phase 3 trial (SARAH
Trial), compared the efficacy and safety of sorafenib to
that of SIRT with 90Y resin microspheres in patients
with advanced HCC. They found that OS did not signifi-
cantly differ between the groups receiving sorafenib and
SIRT. The authors suggested that quality of life and toler-
ance might help when choosing between the two treat-
ments.155

Molecular targeted therapy
Sorafenib
Sorafenib is an oral multikinase inhibitor, which works by
inhibiting the activity of several tyrosine kinases involved
ional Associa
in tumor angiogenesis and progression, including vascular
endothelial growth factor receptor (VEGFR-2/3), platelet-
derived growth factor receptor (PDGF-R), Flt3 and c-Kit,
and also targets Raf kinases involved in the MAPK/ERK
pathway. Two large RCTs have documented improved sur-
vival with sorafenib compared with placebo.164,165 Accord-
ing to a recent meta-analysis by Finn et al., in patients with
advanced HCC and CP A liver function, sorafenib is the
only treatment that has been shown to improve OS in ran-
domized studies.166 High-quality data supporting the use
of other treatment modalities in this setting, or in the
setting of patients with less compensated (CP B) liver dis-
ease, are lacking.166 Hence, sorafenib is recommended as
a first-line treatment for advanced HCC (BCLC C) with
preserved liver function (child A; selected child B).

The optimal dose of sorafenib is 400mg twice daily with
optimal management of adverse effects to improve sur-
vival. However, sorafenib should be initiated at a reduced
dose to minimize the adverse events and increase tolera-
bility. Sorafenib should be continued till radiologic pro-
gression. A meta-analysis demonstrated that the
occurrence of sorafenib-related side-effects (such as diar-
rhea, hypertension, and skin toxicities) is associated with
a better OS in sorafenib-treated HCC patients.167 Another
similar meta-analysis suggested that presence of dermato-
logic adverse events was associated with a lower mortality
when compared with those patients without them with a
pooled HR of 0.45 (95% CI: 0.38–0.53).168 Presence of
microvascular invasion, high AFP, and high NLR were
prognostic factors of poorer OS in patients being treated
with Sorafenib.169

Lenvatinib
Lenvatinib is a tyrosine kinase inhibitor (TKI) of VEGF re-
ceptors 1–3, FGF receptors 1–4, PDGF receptor a, RET,
and KIT and in a phase 2 trial showed activity in advanced
HCC.170 Subsequently an open-label, phase 3, multicenter,
non-inferiority trial, which included 954 patients with
HCC not suitable for surgery, ablative therapy, or TACE,
compared overall survival in patients treated with lenvati-
nib versus sorafenib as a first-line treatment. The median
survival time for lenvatinib of 13.6 months (95% CI 12.1–
14.9) was non-inferior to sorafenib (12.3 months, 10.4–
13.9; HR 0.92, 95% CI 0.79–1.06), meeting criteria for
non-inferiority. The progression-free survival (PFS; 7.4
versus 3.7 months) and TTP (8.9 versus 3.7 months) were
favorable for those treated with lenvatinib; however, these
benefits did not translate into better OS. The most com-
mon any-grade adverse events were hypertension (42%),
diarrhea (39%), decreased appetite (34%), and decreased
weight (31%) for lenvatinib, and palmar-plantar erythrody-
sesthesia (52%), diarrhea (46%), hypertension (30%), and
decreased appetite (27%) for sorafenib. The investigators
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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concluded that lenvatinib was non-inferior to sorafenib in
overall survival in untreated advanced HCC.171 In a cost-
effectiveness analysis of lenvatinib treatment for patients
with unresectable HCC compared with sorafenib in Japan,
lenvatinib was found to be more cost-effective than sorafe-
nib.172

Regorafenib
Till 2016, there was no systemic treatments for patients with
HCC whose disease progressed during sorafenib treatment.
Regorafenib is a multikinase inhibitor and has a similar
structure to sorafenib and became the first systemic treat-
ment approved as a second-line therapy for HCC based on
the RESORCE trial.173 Apart from inhibiting different ki-
nases such as RAF-1; B-RAF; VEGFR 1, 2, and 3; and
PDGFRb, it also inhibits FGFR1 oncogenic mutants of
KIT, RET, and BRAF. The RESORCE trial173 was a double-
blind, parallel-group, phase 3 trial done at 152 sites in 21
countries, adults with HCC who tolerated sorafenib
($400 mg/day for $20 of last 28 days of treatment), pro-
gressed on sorafenib, and had Child-Pugh A liver function.
Regorafenib was found to improve OS with a HR of 0$63
(95%CI0$50–0$79; one-sidedP<0$0001).173With the devel-
opment of regorafenib, the first sequential treatment option
(sorafenib-regorafenib) has become available in the thera-
peutic management of HCC. Those patients with advanced
HCC who start sorafenib treatment, tolerate it according
to the RESORCE trial definition, and develop radiologic tu-
morprogression are candidates for regorafenib treatment.174

A later subanalysis of the RESORCE trial175 showed that the
median OS was 26.0 months in the regorafenib group and
19.2months in theplacebogroupwhensurvivalwas assessed
from the first dose of sorafenib treatment.

Cabozantinib
Cabozantinib is a multi-TKI of MET, VEGF receptors, and
AXL and was shown to prolong the overall survival in pa-
tients who progressed after sorafenib compared with the
placebo. According to the results of a phase 2 placebo-
controlled randomized discontinuation study, cabozanti-
nib was found to have clinical activity in HCC patients,
including objective tumor responses, disease stabilization,
and reductions in AFP.176 Subsequently, a randomized
phase 3 trial of cabozantinib versus placebo (CELESTIAL
trial)177 as a second-line treatment for patients with HCC
previously treated with sorafenib, documented a median
OS of 10.2 months with cabozantinib and 8.0 months
with placebo with a HR of 0.76 (95% CI, 0.63–0.92). The
most frequent AEs were hand foot skin reaction, arterial
hypertension, and transaminase elevation. Grade 3–4 AEs
were 68% in the cabozantinib arm and 36% in the placebo
arm. The rate of discontinuation and death because of
treatment-related AEs were 16% and 1.3% in the cabozanti-
nib arm and 3% and 0.4% in the placebo arm, respec-
tively.177
Journal of Clinical and Experimental Hepatology | January–February 2020 |
Ramucirumab
Ramucirumab is a fully human recombinant immuno-
globulin G (IgG) 1 monoclonal antibody to inhibit a single
target of VEGFR2. In a randomized, double-blind, multi-
center, phase 3 trial, ramucirumab was compared with pla-
cebo as second-line treatment in patients with advanced
HCC following first-line therapy with sorafenib (the
REACH trial), and ramucirumab was not found to signifi-
cantly improve survival over placebo.178 However, in a sub-
group analysis of the REACH trial of the Japanese patients,
ramucirumab treatment did improve OS, including in pa-
tients with a baseline AFP level of 400 ng/mL or greater.
Moreover, improvements in PFS and objective response
rate were also demonstrated. The safety profile of ramucir-
umab was acceptable and well tolerated in Japanese pa-
tients.179 Another study that looked at patient-focused
outcome results from the REACH study ramucirumab
was associated with no worsening of QoL. In patients
with baseline AFP $400 ng/mL, the significant survival
benefit observed in patients treated with ramucirumab
was coupled with a trend in patient-focused outcome ben-
efits.180 In a subsequent clinical trial (REACH-2 trial)181

that enrolled only patients with AFP $400 ng/mL, ramu-
cirumab was found to improve the overall survival
compared with placebo. Thus, ramucirumab became the
first biomarker-driven systemic treatment.

Immune checkpoint inhibitors
In contrast with classical chemotherapy or molecular ther-
apies that target cancer cells directly, immunotherapies
aim to block immune-escape mechanisms of tumors and,
consecutively, induce a strong and predominantly T-cell
mediated immune response against cancer cells. The
most successful form of immunotherapy to date has
been the blockade of the immune checkpoints CTLA-4
(cytotoxic T-lymphocyte-associated protein 4) and PD-1/
PD-L1 receptors (programmed cell death protein 1/pro-
grammed death-ligand 1).182 To date, several clinical trials
have evaluated the efficacy of antibodies against PD-1, PD-
L1, and CTLA-4, both as monotherapy as well as in combi-
natorial therapy approaches in patients with advanced
HCC.182 Nivolumab, pembrolizumab, tislelizumab, and
camrelizumab are fully humanized monoclonal antibodies
against PD-1, whereas durvalumab and atezolizumab
target PD-L1. Tremelimumab is a monoclonal antibody
that binds to CTLA-4. The efficacy of these antibodies is
currently being investigated in various clinical trials as
mono- or combination therapy in advanced HCC.182

Nivolumab
Nivolumab is a PD-1 immune checkpoint inhibitor. In a
phase 1/2, open-label, non-comparative, dose escalation,
and expansion trial (CheckMate 040) with histologically
confirmed advanced HCC with or without HCV or HBV
Vol. 10 | No. 1 | 43–80 61
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infection, nivolumab showed a manageable safety profile,
including acceptable tolerability. The objective response
rate was 20% (95% CI 15–26) in patients treated with nivolu-
mab 3 mg/kg in the dose-expansion phase and 15% (95% CI
6–28) in the dose-escalation phase.183 This trial led to the
approval of nivolumab by Federal Drug Administration
(FDA) for the treatment of HCC in patients who have been
previously treated with sorafenib. It will be of great interest
to learn about the results of ongoing trial CheckMate-459,
where nivolumab is being compared with sorafenib
(NCT02576509) as the first-line agent.

Tremelimumab
Tremelimumab is a fully human monoclonal antibody
that binds to CTLA-4 on the surface of activated T lympho-
cytes. Sangro et al. first showed positive results with trem-
elimumab in a pilot trial on 27 patients with advanced
HCC and HCV infection.184 The disease control rate was
76.4%, and 3 patients had a partial response (PR). Subse-
quently, in an open-label study on 32 patients with HCC,
tremelimumab was given at 2 dose levels (3.5 and 10 mg/
kg i.v.) every 4 weeks for 6 doses, followed by 3-monthly in-
fusions until off-treatment criteria were met. On day 36,
patients underwent subtotal RFA or chemoablation. No
dose-limiting toxicities were encountered. The authors
concluded that tremelimumab in combination with tumor
ablation is a potential new treatment for patients with
advanced HCC and leads to the accumulation of intratu-
moral CD8+ T cells. Positive clinical activity was seen,
with a possible surrogate reduction in HCV viral load.185

Pembrolizumab
Pembrolizumab is another fully humanized anti-PD-1
monoclonal antibody that has shown significant anti-
tumor activity in a variety of cancers. The KEYNOTE-224
study was a non-randomized, multicenter, open-label,
phase 2 trial of pembrolizumab conducted in 47 centers
across 10 countries. The study showed amedianOS similar
to nivolumab in the second-line at 12.9 months with a dis-
ease control rate of 61% and ORR of 18%.186 Consequently,
the FDA granted provisionary approval for pembrolizu-
mab as second-line treatment for advanced HCC, pending
results from the randomized phase III trial.

Treatment of HCC with portal vein tumor
thrombosis
Portal vein tumor thrombosis (PVTT) is one of the most
common complications in HCC and is the dominant
form of macrovascular invasion of HCC.187 PVTT usually
indicates poor prognosis due to a rapidly progressive dis-
ease (PD) course, worsening liver function, complications
connected with portal hypertension, and limited options
and poorer tolerance to treatment. Although patients
with PVTT as well those with metastatic HCC, both are
clubbed together in stage BCLC C; however, ideally HCC
62 © 2019 Indian National Associa
with PVTT should not be grouped with metastatic HCC
because newer therapeutic options have shown promising
results for PVTT in case control studies.

Sorafenib is the treatment of choice for patients with
PVTT. Sorafenib therapymarginally improves survival in pa-
tients with HCC and PVTT. In a subgroup analysis188 of
SHARP trial164 patients withHCChaving PVTT, themedian
survival time was slightly longer in the sorafenib group (8.1
months) than in the placebogroup (4.9months). TAREwith
Y-90 is another alternative for select patients of with PVTT
and good liver function (Child-Pugh A). A recent systematic
review aimed to assess the safety and effectiveness of Y-90 ra-
dioembolization for HCC and PVTT.154 The radiological
response achieved was: CR in 3.2%, PR in 16.5%, stable dis-
ease (SD) in 31.3%, and PD in 28%. The median survival
was 9.7 months for all patients, including the median OS
were 12.1, 6.1 months of Child-Pugh class A and B patients,
and the median OS were 6.1, 13.4 months of main and
branch PVTT patients, respectively.154 TACE with or
without radiotherapy or systemic therapy may also be
considered an option in segmental PVTT. A meta-analysis
of 13 studies by Silva et al. sought to examine the role of
TACE in the treatment of HCC with PVT in either the
main portal vein (MPV) or portal vein branches (PVB). The
median OS was 8 (95% CI 5–15) months. Survival rates after
1, 3, and 5 years were 29%, 4%, and 1%, respectively. Patients
with MPV thrombosis had worse survival than PVB
patients but similar mRECIST response rates. The authors
concluded that TACE was a safe treatment for a highly
selected population of HCC patients with PVT. Despite
worse survival rates compared with PVB thrombosis, PVT
in the MPV should not be considered an absolute contrain-
dication to TACE.189 Zhang et al. conducted a meta-analysis
of 5 retrospective studies with 973 patients to compare the
effectiveness and safety of TACE plus sorafenib versus
TACE alone for HCC with PVTT. The authors found that
TACE plus sorafenib improved OS, ORR, TTP, and DCR
forHCC patients with PVTT comparedwith TACE alone.190

A small RCT found that combined use of RFA of both HCC
nodule and MPVTT plus sorafenib is much better than the
use of sorafenib alone in cirrhotics with invasion of main
portal trunk. Results of the RCT clearly indicated that
3-year survival of such kind of patients can be increased add-
ing the alleged percutaneous thrombectomy to sorafenib
alone in a safe and effective manner.191
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� Sorafenib is recommended as a first line treat-
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+ Advanced HCC (BCLC C)
+ Intermediate stage HCC (BCLC-B) with pre-

served liver function (child A; selected child
B), not suitable for or progressing despite
loco regional therapy.
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� Sorafenib is not recommended:

+ As neo-adjuvant or adjuvant therapy with
resection

+ As neo-adjuvant or adjuvant therapy with LT
+ As bridging therapy for patients on trans-

plant wait list
+ As a down staging therapy either alone or in

combination with LRT
II-1
 Strong
� Sorafenib in combination with local ablative
therapies increases the time to progression and
has acceptable safety profile but has not shown
overall survival benefit; hence, it is not recom-
mended at present, till more data emerges.
I
 Weak
� The optimal dose of sorafenib is 400 mg twice
daily with optimal management of adverse ef-
fects to improve survival. However, sorafenib
should be initiated at reduced dose to minimise
the adverse events and increase tolerability.
II-2
 Weak
� Sorafenib should be continued till radiologic
progression.
I
 Strong
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� Lenvatinib is non-inferior to sorafenib and is an
alternative first-line therapy for:
+ Advanced HCC (BCLC C)
+ Intermediate stage HCC (BCLC-B) with pre-

served liver function (child A; selected child
B), not suitable for or progressing despite
locoregional therapy.
I
 Strong
� Regorafenib is recommended as second-line
treatment for patients tolerating but
progressing on sorafenib with well-preserved
liver function (Child-Pugh A class) and good
performance status.
I
 Strong
� Immune checkpoint inhibitors (like nivolumab
and tremelimumab) have shown promising re-
sults in phase I and II trials. However, they
cannot be recommended for clinical use
outside of clinical trials, till more data emerge.
II-2
 Weak
� HCC with PVTT should not be grouped with
metastatic HCC because newer therapeutic
options have shown promising results in case–
control studies.
II-2
 Strong
� Sorafenib therapy marginally improves survival
in patients with HCC and PVTT.
I
 Strong
� TARE with yttrium-90 may be considered in
select patients of advanced HCC with PVTT and
good liver function (Child-Pugh A)
II-2
 Weak
� TACE with or without radiotherapy or systemic
therapy may be considered an option in
segmental PVTT.
II-3
 Weak
TREATMENT OF HCC STAGE BCLC-D

The BCLC staging system incorporates 3 major parameters
including tumor burden, severity of cirrhosis and perfor-
mance status to predict the prognosis of HCC. However,
uary 2020 |
patients are classified as BCLC stage D only on the basis
of Child-Turcotte-Pugh (CTP) class C or PS 3–4, because
of very limited survival time after diagnosis with or without
anti-cancer treatments.192 The median survival time of un-
treated patients of BCLC stage D is 6 months.193 Tumor
burden, including size and number of tumor nodule(s),
vascular invasion, and extra-hepatic involvement, which
profoundly influences the outcome of HCC patients, is
not considered a criterion for BCLC stage D. This makes
the BCLC stage D very heterogeneous; for example, pa-
tients with CTP class C, extra-hepatic metastases, and mul-
tiple co-morbidities are considered the same BCLC stage as
patients with PS 3, minimal cirrhosis, and a small resect-
able HCC nodule. The treatment allocation to BCLC stage
C patients according to standard guidelines (best support-
ive care110) may actually decrease their survival compared
with patients who do not adhere to standard guidelines.194

To resolve this limitation of BCLC stage D, Hsu et al. con-
structed an easy-to-use nomogram taking into account the
tumor burden as a pivotal prognostic factor.192 They
divided the BCLC stage C patients into 3 categories: within
the Milan criteria, with distant involvement and vascular
invasion, and the rest. They suggested that BCLC stage D
patients with mild cirrhosis and small tumor burden
might potentially benefit from surgical resection or
TACE. Similarly, selected patients with CTP class C and
small tumor burden could choose LT or ablation to effec-
tively prolong their survival.192 Amulticenter, cohort study
suggested that patients judged as potentially eligible for LT
according to the following criteria: absence of macroscopic
vascular invasion or metastases, age 70 years or younger,
and absence of relevant extrahepatic comorbidities, even
if in BCLC stage D, results in survival benefit.195 Survival
of BCLC-D patients receiving LT was significantly higher
than that of patients receiving systemic therapies or sup-
portive care (137 versus 5 months).196 Thus, INASL recom-
mends that LT if feasible should be considered in BCLC-D
HCC if PS and extent of tumor permits. If LT not feasible,
then, after improvement of ascites, jaundice, and/or hepat-
ic encephalopathy with conservative care, ablative thera-
pies, or transarterial tumor therapies may be performed,
when possible.

Supportive treatment including management of pain,
ascites, variceal bleeding, nutrition, and psychological sup-
port should be part of management of BCLC-D HCC pa-
tients. Antiviral treatment in BCLC-D might stabilize the
liver function, thus increasing the therapeutic window
for tumor-specific therapies in these patients.

For pain management of mild intensity acetaminophen
(paracetamol) up to 3 g/day can be utilized and is safe. Opi-
oids should be used for the management of pain not
controlled by paracetamol.197 Routine artificial nutrition
is not justified in patients in the terminal stage HCC, how-
ever, in individual cases, dietary counseling, and artificial
nutrition can slow down nutritional deprivation, avoid
Vol. 10 | No. 1 | 43–80 63
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dehydration, and improve the quality of life. Management
of psychosocial and spiritual issues should be a part of the
care of terminal HCC patients.1,197

Consensus statements Level Grade
6
4 © 2019 I
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� Patients with end-stage liver cirrhosis with
heavily impaired liver functions (Child-Pugh
class C, BCLC-D) but with tumor size within
Milan criteria and PS# 2 should be considered
for liver transplantation.
III
 Weak
� If LT not feasible, then, after improvement of
ascites, jaundice, and/or hepatic encephalop-
athy with conservative care, ablative therapies,
or transarterial tumor therapies may be per-
formed, when possible.
III
 Weak
� Support treatment including management of
pain, ascites, variceal bleeding, nutrition, and
psychological support should be part of man-
agement of BCLC-D HCC patients.
III
 Strong
� Antiviral treatment in BCLC-Dmight stabilize the
liver function, thus increasing the therapeutic
window for tumor-specific therapies in these
patients.
III
 Weak
� Acetaminophen (paracetamol) up to 3 g/day
can be utilized for the management of pain of
mild intensity. Opioids should be used for the
management of pain not controlled by acet-
aminophen (paracetamol).
III
 Strong
� Routine artificial nutrition is not justified in pa-
tients in the terminal stage HCC; however, in
individual cases, dietary counseling and artifi-
cial nutrition can slow down nutritional depriva-
tion, avoid dehydration, and improve the quality
of life.
III
 Weak
� Management of psychosocial and spiritual is-
sues should be a part of the care of terminal
HCC patients.
III
 Strong
EMERGING THERAPY FOR HCC

Stereotactic body radiotherapy for HCC
Although HCC is a radiosensitive tumor, utilization of
EBRT has historically been limited by the relative sensi-
tivity of adjacent normal liver parenchyma.198 However,
with the advent of stereotactic body radiotherapy
(SBRT), this paradigm is gradually changing. SBRT is a
special form of EBRT that accurately delivers a high dose
of radiation in fewer treatment fractions to an extracranial
target.199 SBRT represents a significant advance and a
promising tool in HCC management, improving the ther-
apeutic ratio by limiting the dose to adjacent normal he-
patic parenchyma, and escalating dose to the tumor.
SBRT now represents an effective locally ablative therapy
for HCC with a favorable toxicity profile and this modality
should be explored further.198

Seo et al. compared RFA with SBRT for HCC smaller
than 3 cm using a Markov model. The investigators
ional Associa
showed that the expected overall survival of SBRT was
nearly identical to RFA in HCCs smaller than 3 cm, but
SBRT might have an advantage for tumors 2 cm and
larger.200 A Cochrane meta-analysis by Abdel-Rahman
and Elsayed,201 that included 9 RCTs with 879 partici-
pants, found very low- and low-quality evidence suggesting
that combined EBRT and TACE may be associated with
lower mortality and increased complete and overall
response rates, despite an increased toxicity as expressed
by a higher rise of bilirubin and ALT. Although high-
quality RCTs are needed to assess further the role of
EBRT for unresectable HCC, this modality appears prom-
ising.201 Another network meta-analysis suggests that
TACE + EBRT was more effective than the other seven
minimally invasive procedures (TACE, DEB-TACE,
TARE, TACE + HIFU, TACE + PEI, TACE + sorafenib,
and TEA), and therefore, it may be considered as the
optimal treatment for unresectable HCC.151 Thus in
BCLC stage B patients, SBRT can be an option for residual
or recurrent lesions after TACE as part of combination
therapy.

In patients with BCLC stage C with thrombus involving
the main branch of portal vein, SBRT followed by sorafe-
nib is a treatment option. A large series reported the
outcome of 985 patients who were treated with radio-
therapy for HCC with PVTT. More than 50% responded
to treatment, and the median OS was 10.2 months. Predic-
tors of improved survival included higher radiation dose
and combination treatment with other liver-directed ther-
apies.202 In a study that compared response to sorafenib
versus radiotherapy in unresectable HCC with major
PVTT using propensity-score analysis,203 radiotherapy
was associated with higher OS than sorafenib (4.8 vs.
10.9 months). 5% to 10% of patients treated with radio-
therapy were alive 5 years after treatment, whereas no pa-
tient in the sorafenib group survived more than 2 years.203

Consensus statements Level Grade
t
ion for Study of the Liver. Published by Elsevier B.V. A
ll rights r
� Stereotactic Body Radiation Therapy (SBRT) is a
promising tool in the management of selected
cases of HCC. This modality should be explored
further.
II-2
 Strong
� In BCLC stage B SBRT is an option for residual
or recurrent lesions after TACE as part of com-
bination therapy.
II-2
 Strong
� In BCLC stage C with thrombus involving the
main branch of portal vein SBRT followed by
sorafenib is a treatment option.
II-2
 Weak
Cytotoxic, hormonal, and other agents for HCC
Hepatic arterial infusion chemotherapy
In the last decade, cisplatin-, epirubicin-, interferon-, or 5-
fluorouracil–based transcatheter hepatic arterial infusion
chemotherapy (HAIC) has been increasingly used for
eserved.
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patients with HCC stage BCLC C in Asian countries. HAIC
was suggested as a promising treatment as it can inhibit tu-
mor growth through antiangiogenic mechanisms with less
toxicity and fewer systemic side-effects than the maximum
tolerated dose therapy. A meta-analysis204 of 10 studies
including 1264 patients showed that HAIC was associated
with significantly higher 1-, 2-, and 3-yearOS than sorafenib.
Comparedwith sorafenib,HAICwas also associatedwith su-
perior CR, PR, and objective response rate (ORR). The au-
thors concluded that HAIC can be considered as an
alternative treatment option for patients with HCCs of
BCLC stage C.204 A multicenter open-labeled randomized
phase II trial in chemo-na€õve patients with advanced HCC
with Child-Pugh scores of 5–7 evaluated the effect of addi-
tion of HAIC with cisplatin (SorCDDP) to Sorafenib for
the treatment of advanced HCC. The median survival in
the Sorafenib andSorCDDParmswere 8.7 and 10.6months,
respectively. The median time to progression and the
response rate were, respectively, 2.8 months and 7.3% in
the Sorafenib arm and 3.1 months and 21.7% in the
SorCDDP arm. The adverse events were more frequent in
the SorCDDP arm than in the Sorafenib arm, but well-
tolerated. Thus SorCDDP yielded favorable overall survival
when compared with Sorafenib in patients with advanced
HCC.205 However, use of HAIC is still investigational, and
its use in clinical practice cannot be recommended outside
of clinical trial.

Cytotoxic and hormonal agents
Prior to the arrival of sorafenib in 2008, doxorubicin was
routinely used as a single drug for advanced HCC, but
had shown inefficacy, with a response rate of about 15–
20%. Other cytotoxic agents, such as epirubicin, cisplatin,
5-fluorouracil, etoposide and their combinations, demon-
strate even lower efficacy.206 Combination chemotherapy
with cytotoxic agents yielded higher response rates, howev-
er, some randomized controlled studies comparing prom-
ising combination therapies with no treatment or single
agents failed to show any advantage in terms of the overall
survival. Similarly, numerous RCTs and meta-analyses of
hormonal therapies, such as anti-estrogen, anti-androgen,
tamoxifen, octreotide, and interferon therapies have shown
no significant survival advantage.207 Thus, these treat-
ments are discouraged in advanced HCC.

Other agents
Thalidomide is not only capable of inhibiting angiogenesis,
but alsomodulating immunity. Ameta-analysis of 23RCTs
involving 1836 patients showed that thalidomide plus
TACE was significantly superior in increasing 6-month, 1-
year, 1.5-year, and 2-year survival rates. It also improved
ORR, DCR, cellular immunity and reduced VEGF, when
compared with TACE group.208 Another recent meta-
analysis of 12 RCTs also showed that showed that TACE
plus thalidomide was significantly superior than TACE
Journal of Clinical and Experimental Hepatology | January–February 2020 |
alone in terms of 1-year, 2-year, 3-year survival rates, PFS,
objective response rate, and disease control rate. However,
the authors added that this finding was not definitive due
to the poor quality of included studies.209 Thus tillmore ev-
idence emerges from carefully designed and conducted
RCTs thalidomide cannot be recommended forHCC either
alone or in combination with other modalities.

Another agent arsenic trioxide (As2O3) was evaluated in
a meta-analysis of 18 RCTs involving 1412 participants to
determine whether As2O3 and TACE therapy achieved bet-
ter therapeutic effects compared with TACE alone for
HCC. It was found that adjuvant As2O3 therapy combined
with TACE achieved better therapeutic effects compared
with TACE alone. Both the intravenous administration
of As2O3 and the arterial administration of As2O3 were
found to be good options for clinical practice.210 A RCT
of patients of HCC with pulmonary metastasis TACE
plus an intravenous infusion of As2O3 was found to effec-
tively controlled pulmonary metastasis and prolonged OS
compared with TACE alone.211 However, large RCTs are
needed before it can be recommended for use.

Consensus statements Level Grade
V
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� Cytotoxic chemotherapy either as single agent
or in combination does not improve overall sur-
vival in advanced HCC.
II-2
 Strong
� Hormonal compounds, anti-estrogen, anti-
androgen, and octeotride have not shown
survival benefits in HCC. Thus, this treatment is
discouraged in advanced HCC.
II-2
 Strong
Adoptive immunotherapy
Immunotherapy has a potential to offer systemic,
nontoxic, and durable antitumor effects, and therefore is
highly attractive as a treatment option for HCC. Adoptive
immunotherapy (AIT) or adoptive cell therapy (ACT) is a
highly personalized cancer therapy that involves adminis-
tration to the cancer-bearing host of immune cells with
direct anticancer activity. ACT using naturally occurring
tumor-reactive lymphocytes has mediated durable, com-
plete regressions in cancer patients, probably by targeting
somatic mutations exclusive to each cancer. In addition,
the ability to genetically engineer lymphocytes to express
conventional T cell receptors or chimeric antigen receptors
has further extended the successful application of ACT for
cancer treatment.212

There is good data to suggest that adjuvant AIT with
cytokine-induced killer cells improves survival in patients
undergoing resection or loco-regional therapy. Multiple
meta-analyses have suggested that AIT is safe and effective
in reducing mortality and tumor recurrence for patients
with HCC after curative therapies213,214 or palliative thera-
pies.215–219 However, studies from India on AIT are lacking.
65
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Hence, it cannot be recommended for clinical use outside
of clinical trials, till more data emerges from India.

Consensus statements Level Grade
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� There is good data to suggest that adjuvant
adoptive immunotherapy with cytokine-induced
killer cells improves survival in patients
undergoing resection or loco-regional therapy;
however, studies from India are lacking. Hence,
it cannot be recommended for clinical use
outside of clinical trials, till more data emerge
from India.
I
 Weak
Table 2 Modified Response Evaluation Criteria in Solid
Tumors (mRECIST) for the Assessment of HCC Response to
Locoregional and Systemic Therapy.

Assessment category mRECIST criteria

CR (complete response) Disappearance of any intratumoral
arterial enhancement in all target
lesions

PR (partial response) At least 30% decrease in the sum of
diameters of viable target lesions

SD (stable disease) Any cases that do not qualify for either
PR or PD

PD (progressive disease) At least 20% increase in the sum of the
diameters of viable target lesions

HCC, hepatocellular carcinoma.
TREATMENT RESPONSE EVALUATION AND
FOLLOW-UP SCHEDULE

Response evaluation in patients treated with
loco-regional therapies and targeted therapies
Theperformance of the treatment response criteria is usually
evaluated on their ability to reflect the biological effects
induced by anti-cancer treatments and, more importantly,
in predicting survival. When assessing the effects of the
loco-regional treatments for HCC, evidence unequivocally
suggests that the criteria based on viable tumor measure-
ment (e.g. mRECIST and EASL criteria) are superior to
criteria based on total tumor measurement. This superiority
is due to the inability of the latter in discriminating the areas
of treatment-induced necrosis from the viable tumor. Ac-
cording toameta-analysis, bothmRECISTandEASLcriteria
showed a very good concordance in HCC patients undergo-
ing loco-regional treatments. Objective response according
to both the criteria confirmed a strong prognostic value in
terms of overall survival. This prognostic value appeared to
be very similar between the two methods.220

For treatment response evaluation following systemic
therapies, the choice of criteria is still not clear, and at least
five different criteria have been proposed: RECIST, EASL,
mRECIST, RECICL and Choi criteria.221 However, it is
now generally suggested that criteria based on viable tu-
mor assessment (EASL, mRECIST, RECICL) may be better
compared with the RECIST. Lencioni et al. investigated
whether objective response by mRECIST criteria accurately
predicted OS in patients with advanced HCC treated with
systemic targeted therapies.222 Individual patient data
from the BRISK-PS randomized phase III trial223

comparing brivanib vs. placebo were used to analyze objec-
tive response by mRECIST criteria as a predictor of OS in a
time-dependent covariate analysis. The study demon-
strated that objective response is an independent predictor
of survival and qualifies as a potential surrogate end-point
for overall survival in this patient population who were
treated by systemic therapy.222

Therefore, INASL recommends that the treatment
response evaluation should be done by dynamic CT or
ional Associa
MRI studies using the mRECIST criteria, both for loco-
regional therapy and for systemic therapy. It is preferable to
use same investigation modality (dynamic CT or MRI) in
follow up as used at diagnosis for assessing clinical response.

The response should be categorized as: CR, PR, SD, or
PD (Table 2 CR and PR patients should be considered as
responders and SD and PD patients as non-responders).

The timing of initial treatment response
evaluation and subsequent follow-up
The timing of initial treatment response evaluation and
subsequent follow-up should depend on treatment modal-
ity used.1,224 For patients who underwent resection, dy-
namic CT or MRI studies should be done every 3 months
for the first year and then every 6 months for another
year. After 2 years, if there has been no recurrence, the pa-
tients should be subjected to routine surveillance. For pa-
tients who have undergone percutaneous ablation, the
initial response evaluation should be done at 4 weeks. Sub-
sequently, dynamic CT or MRI studies every 3 months for
the first year and then every 6 months for another year and
then routine surveillance. For patients who have under-
gone LT, ultrasonography plus AFP should be done every
3 months for the first year and then every 6 months as
routine surveillance. For patients who have undergone
TACE the initial response evaluation should be at 4 weeks.
Subsequently, dynamic CT or MRI studies every 3 months
for the first year and then every 6 months for another year
and then routine surveillance. For patients undergoing sys-
temic therapy, dynamic CT or MRI for tumor progression
should be done every 3 months to guide therapy decisions.

Decision about repeat RFA/TACE based on
treatment response
Radiological progression in spite of two sessions of RFA or
TACE indicates futility of these procedures. In practice,
RFA/TACE should not be repeated when substantial ne-
crosis is not achieved after two RFA/TACE treatments or
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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when there is progression or liver function impairment,
worsening of performance status (PS), or the appearance
of portal vein tumor thrombosis or extrahepatic metasta-
ses. Tumor burden, BCLC stage at baseline, and Child-
Pugh score are other factors for RFA/TACE retreatment
decision-making and for consideration of alternative ther-
apy after failure of these treatments.

Consensus statements Level Grade
J
ournal of Clinical and Experimental Hepatology | Jan
uary–Febr
� The treatment response evaluation should be
done by dynamic CT or MRI studies using the
modified-RECIST (modified-Response
Evaluation Criteria in Solid Tumors) criteria,
both for locoregional therapy and for systemic
therapy.
I
 Strong
� It is preferable to use same investigation mo-
dality (dynamic CT or MRI) in follow up as used
at diagnosis for assessing clinical response.
III
 Weak
H
C
C

� The timing of initial treatment response evalu-
ation and subsequent follow up should depend
on treatment modality used as follows:

+ Resection: Dynamic CT or MRI studies every
3 months for the first year and then every 6
months for another year and then routine
surveillance.

+ Percutaneous ablation: Initial evaluation at
4 weeks. Subsequently, dynamic CT or MRI
studies every 3 months for the first year and
then every 6 months for another year and
then routine surveillance.

+ TACE: Initial evaluation at 4 weeks. Subse-
quently, dynamic CT or MRI studies every 3
months for the first year and then every 6
months for another year and then routine
surveillance.

+ Systemic therapy: Dynamic CT or MRI for
tumor progression every 3 months to guide
therapy decisions.

+ Liver transplantation: USG + AFP every 3
months for the first year and then every 6
months for another year and then routine
surveillance.
II-2
 Strong
TREATMENT OF HCC WITH EXTRAHEPATIC
SPREAD AND HCC WITH RUPTURE

Extrahepatic spread
According to the BCLC staging, patients with extrahepatic
spread (EHS) of HCC, still remain in BCLC stage C. The
median OS of a patients with EHS is 11.2 months.162

Although the standard recommended treatment for pa-
tients with BCLC stage C is sorafenib; however, it may be
not effective when there is EHS. Two RCTs164,165 in their
subgroup analysis compared sorafenib versus placebo in
patients with EHS, and sorafenib showed no statistically
significant improvement of OS over placebo.166 Hence,
while the intrahepatic primary tumor will require sorafe-
uary 2020 |
nib, the EHS needs to be tackled by other modalities like
radiotherapy.

It has been observed that radiotherapy can be used to alle-
viate pain in patients with bone metastasis and relieve of
symptoms from localized pulmonary225 or lymph node me-
tastases.226 In a retrospective study of 91 patients who
received median radiation dose of 40 Gy (range, 20–66 Gy)
for bone metastasis, the pain response rate was 81.4%.227

HCC with rupture
Ruptured HCC is a rare, but life-threatening presentation
of HCC that often requires acute intervention. According
to a recently published systematic review of 67 studies on
ruptured HCC, the leading causes of death in the short-
term was bleeding complications in 34% and hepatic fail-
ure in 30%.228 A wide range of therapeutic strategies
including TACE, TAE, hepatectomy, or their combination
has been employed for management of ruptured HCC.
TAE/TACE seems to be the most effective modality in con-
trolling bleeding from ruptured HCC.229

Consensus statements Level Grade
V
ol. 10 | No. 1 | 43–80
� Radiotherapy can be used to alleviate pain in
patients with bone metastasis and relieve of
symptoms from localized pulmonary or lymph
node metastases.
II-2
 Strong
� TAE/TACE is effective in controlling bleeding
from ruptured HCC.
II-2
 Strong
RECURRENCE OF HCC AFTER SUCCESSFUL
CURATIVE TREATMENT

Recurrence of HCC after resection
It is generally recognized that intrahepatic recurrence of
HCC may have a monoclonal (or monocentric) origin
when it develops from an intrahepatic metastasis or have a
multiclonal (or multicentric) origin when it arises from de
novocarcinogenesis becauseof long-termchronic inflamma-
tion and cirrhosis. Recurrence occurring within 1-2 year of
surgery is typically defined as intrahepatic metastasis, while
recurrence occurring later than 2 year after resection is late
recurrence of HCC because of de novo carcinogenesis.

The long-term survival after LR remains unsatisfactory
because of the high incidence of intrahepatic recurrence
(up to 68%–98% of patients).230 Hence, HCC is increasingly
being managed by LR first then salvage LT in case of recur-
rence within accepted criteria. Many reports compared the
safety of the salvage against the primary surgery in the
setting of deceased donation, but the difference in LDLT
setting is not sufficiently defined. Salvage LDLT is believed
to be a more challenging surgery than primary LDLT
because of operative field adhesions, in addition to the
inherent difficulties particularly short vasculo-biliary
67
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stumps.231 A recent systematic review by Murali et al.
compared primary liver transplant with loco-regional ther-
apy with curative intent (CLRT) followed by salvage liver
transplantation (SLT).232 The authors concluded that
CLRT-SLT may be offered as first-line therapy to patients
with HCC and well-compensated cirrhosis instead of pri-
mary LT because it may lead to better utilization of donor
liver. However, a large proportion of patients with HCC
recurrence after CLRT may not be candidates for SLT.
Only 32.5% patients with HCC recurrence after CLRT actu-
ally received SLT, as the rest were not medically eligible.
Thus, the disease free survival (DFS) was worse with
CLRT-SLT compared with LT.232 According to another
meta-analysis by Xiong et al., the 3-year and 5-year overall
survival rates were inferior in SLT, which shows that PLT
is a better treatment strategy for transplantableHCC.How-
ever, considering the severe organ limitation and the feasi-
bility and safety of SLT, it provides a better option for
patients with HCC recurrence after curative resection.233

According to another recent systematic review of 7 retro-
spective studies, the efficacy of SLT might be superior to
that of CLRT in the treatment of recurrent HCC. However,
considering the similar overall survival rate and current sit-
uation of donor shortage, repeat hepatectomy is still an
important option for recurrence HCC.230 According to a
meta-analysis by Erridge et al., there does not appear to be
a significant difference in survival between patients under-
going repeat hepatectomy or ablation for recurrent
HCC.234 Anothermeta-analysis also could not demonstrate
any superiority of repeat hepatectomy or RFA over the
other in terms of DFS and OS.235 Hence, INASL recom-
mends that for treatment of recurrence after resection, a
repeat hepatectomy, ablation, or a SLT could be performed
in selected patients. Other therapies such as chemoemboli-
zation or sorafenib could be proposed to those patients
who are unable to undergo resection, ablation or SLT.

Recurrence of HCC after ablation
HCC often recurs after RFA and recurrences are roughly
divided in early recurrences (<2 years after ablation) due to
tumor metastasis and late recurrences (>2 years after abla-
tion) due to de novo carcinogenesis in cirrhotic paren-
chyma.236 Local recurrence can result to either from
incomplete local treatment or from tumor aggressiveness,
while distant recurrence is related to tumor metastasis or
de novo carcinogenesis. Incomplete ablation accounts for
most tumor recurrences, and there is compelling evidence
that complete ablation of HCC is required to prevent recur-
rence.237 Tumor features (size and number of nodules,
serum biomarkers, histological, and immunohistochemical
features) as well as severity of liver disease and virological
features influence tumor recurrence rate after percutaneous
ablation. Any recurrence after successful curative ablative
therapies should be evaluated and treated as new tumor.
68 © 2019 Indian National Associa
Recurrence of HCC after liver transplantation
According to a meta-analysis of 61 studies, the mean HCC
recurrence rate was 16% of all LTs for HCC and the median
time from LT to HCC recurrence was 13 months (range 2–
132 months). The majority of patients (67%) presented
with HCC extra-hepatic recurrences, involving lung,
bone, adrenal gland, peritoneal lymph nodes, and rarely
the brain. The OS after HCC recurrence was 13 months.238

The prognosis of recurrence is poor despite numerous pro-
posals of the therapeutic option. Lower levels of immuno-
suppressive therapy, and the use of mammalian targets of
rapamycin (mTORs) is a potential preventive strategy to
reduce HCC recurrence post-LT.239

Treatment for intrahepatic recurrence after transplanta-
tion is challenging. The treatment of choice for HCC recur-
rence is surgical resection,240 because it is effective in
prolonging patient survival despite the technical difficulty
in resecting graft livers. Besides surgical resection, different
kinds of treatment are also in use, including TACE, ablation,
and SBRT. Systemic treatment based on the combination of
an mTOR inhibitor with sorafenib can also be used.241

Consensus statements Level Grade
t
ion for Study of the Liver. Published by Elsevier B.V. A
ll rights r
� Two years after hepatectomy is a useful cut-off
time to differentiate between early and late
recurrence of HCC
II-2
 Strong
� For treatment of recurrence after resection:

+ A repeat hepatectomy, ablation or a salvage
liver transplantation (SLT) could be per-
formed in selected patients

+ Other therapies such as chemoemboliza-
tion or sorafenib could be proposed to those
patients who are unable to undergo resec-
tion, ablation or SLT.
II-2
 Strong
� Any recurrence after successful curative abla-
tive therapies should be evaluated and treated
as new tumor.
II-2
 Strong
� The treatment of recurrence following liver
transplantation needs to be individualized, tak-
ing into consideration factors like intrahepatic
versus extra-hepatic recurrence, number and
size of recurrence.
III-3
 Weak
ADJUVANT ANTIVIRALS FOR HCC

HCV-related HCC
IFN has been shown to improve outcomes following abla-
tion or resection of HCC. A recent meta-analysis sought to
determine the prognostic impact of SVR achieved through
IFN-based regimens in HCV-related HCC. The meta-
analysis concluded that SVR was associated with improved
OS and RFS in patients with HCV who had undergone
resection or locoregional therapy for HCC.242 Whether
the high rates of SVR achieved with IFN-free regimens
eserved.



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

H
C
C

have an effect on the risk of recurrence following resection
or ablation of HCC is currently debated. The EASL recom-
mends that since these HCC patients frequently have
cirrhosis or advanced fibrosis, they should receive appro-
priate antiviral therapy for their liver disease, while careful
HCC surveillance is required in these patients. INASL also
recommends that therapy withDAAs should be considered
simultaneously along with curative therapies in HCV-
related HCC.

In patients with HCV-related HCC, who have an indi-
cation for LT, the ideal timing for antiviral therapy
(before or after LT) remains debated. The EASL243 rec-
ommends that HCV-related HCC patients on the trans-
plant waiting list, LT must be considered as the main
therapeutic goal, and the antiviral treatment decision
must be made on a case-by-case basis through a multi-
disciplinary discussion. Antiviral treatment with DAAs
can be initiated before LT to prevent recurrence of infec-
tion, provided that it does not interfere with the man-
agement of the patient on the waiting list. Antiviral
treatment can also be delayed until after transplantation,
when there likelihood of a higher SVR than pretrans-
plant period.243

HBV-related HCC
There is now enough evidence that HBV-related HCC
should be given adjuvant antiviral therapy along with cura-
tive or palliative therapy for HCC. In a meta-analysis that
included 21 studies containing 8072 patients found that
adjuvant nucleoside/nucleotide analog (NA) significantly
improved RFS and OS after curative treatment.244 Another
meta-analysis found significant improvements for the OS
and PFS in the NA-treated group compared with the con-
trol group for patients with HBV-related HCC after unre-
sectable treatment.245 Antiviral agents with high genetic
barrier to resistance (entecavir and TDF) should be used
as adjuvant therapy because only they reduced the risk of
HCC recurrence compared with other antivirals, especially
in patients with high baseline viral load.246

HBsAg negative, anti-HBcAb positive patients are at risk
of HBV reactivation post TACE.247 Hence anti-HBc should
be tested prior to TACE in all patients who are HBsAg
negative. If anti-HBc is positive, serum HBV DNA should
be tested, and if found detectable, the patient should
receive pre-emptive antiviral prophylaxis with entecavir or
tenofovir. If anti-HBc is positive, but serum HBV DNA is
negative, and these patients should be monitored with
HBsAg, alanine transaminase (ALT), and HBV DNA
testing every 3 months during TACE therapy and up to 6
months after. Pre-emptive antiviral therapy with entecavir
or tenofovir should be started immediately on detection of
HBsAg or HBV DNA positivity.248
Journal of Clinical and Experimental Hepatology | January–February 2020 | V
Consensus statements Level Grade
ol. 10 | No. 1 | 43–80
� Therapy with DAAs should be considered
simultaneously along with curative therapies in
HCV-related HCC.
II-2
 Weak
� HBV-related HCC patients should be treated
with high potency drugs: either Entecavir or Te-
nofovir
I
 Strong
� HBsAg negative, anti-HBcAb positive patients
are at risk of HBV reactivation post TACE. Hence
anti-HBc should be tested before TACE in all
patients who are HBsAg negative.
II-2
 Weak
PEDIATRIC ASPECTS OF HCC

HCC is a rare malignancy in childhood. However, it is the
second most common primary liver cancer after hepato-
blastoma in older children and adolescents.249 It accounts
for about 27% of primary liver cancers in children.250 The
tumor may be seen in the setting of chronic liver disease
or de novo without any underlying liver cirrhosis. In
contrast to adults, most pediatric HCC arise de-novo,
without underlying liver cirrhosis.

In a study from Delhi on 35 liver explants,251 2 patients
(5.7%) had evidence of HCC when the preop ultrasonogra-
phy (USG) and AFP did not suggest the presence of HCC.
Thorough examination of the explant was recommended
as presence of HCCwould imply postop screening for recur-
rence. In another study fromChennai, 8 of 12HCCs studied
were discovered on the explant (66.7%) with majority being
secondary to metabolic liver disease and none secondary to
hepatitis B.252 A case report of a 12-year-old child with
Budd–Chiari syndrome who had undergone transjugular
intrahepatic portosystemic shunt (TIPS) and presenting
with a ruptured HCC has been described from Mumbai.253

Etiology
The liver disease could be of viral, cholestatic, or metabolic
etiology. HBV has been reported to be the causative agent
of HCC in 64% children with HCC in Hong Kong and is a
major cause of HCC in countries with high prevalence of
HBV.254 However, with HBV vaccination of the neonates,
the incidence of HCC has declined over the years.255 HCV
does not cause HCC in children or young adults. HCCs are
described in the setting of Budd–Chiari syndrome in adults
but also reported in children.253 There is a high risk of devel-
opingHCCs in childhood or adolescence in patients with ty-
rosinemia type 1, a condition associated with liver failure in
infancy or cirrhosis at a later stage in childhood. A tyrosine,
phenylalanine restricted diet and use of nitisinone signifi-
cantly reduces the risk of development of HCC.256 Biliary
atresia may be predisposed to development of a malignancy
albeit rare, even after the child has had a successful Kasai
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surgery as these children often develop cirrhosis.257 Patients
with progressive familial intrahepatic cholestasis (PFIC) type
2 present with pruritus and jaundice secondary to bile salt
export pumpdeficiency and are atup to10% risk for develop-
ment of HCC by 2 years of age.258 In cholestatic syndromes
thatmaynot be associatedwith cirrhosis likeAlagille's, PFIC
1, and PFIC 3, there is low risk of development of a liver ma-
lignancy.259 Patients with glycogen storage disorders (GSDs)
type I develop adenomasusually at pubertywhichmay trans-
form in tomalignancy.260GSD type IVpatients rapidly prog-
ress to cirrhosis and are therefore at high risk of HCC.261

Untreated Gaucher disease has a higher incidence of devel-
opment hepatocellular carcinoma.262

Diagnosis and differential diagnosis
Investigations for diagnosis do not differ from those in
adults. Liver biopsy is recommended in those without un-
derlying cirrhosis and features suspicious of malignancy.
Liver space occupying lesions in the children include hem-
angiomas, mesenchymal hamartomas, focal nodular hy-
perplasia, and adenomas, as well as malignant tumors,
most commonly hepatoblastoma (HB) or metastases
from distant primaries.

Hepatoblastomas are the commonest primary liver
tumors in children. Hepatoblastoma can be a part of multi-
system syndromes such as Beckwith-Wiedemann over-
growth disorder, which may be associated with several
childhoodmalignancies. HB can also occur in very low birth
weight children.263 HB typically occurs in children less than
5 years and usually less than 2 years of age in the absence of
underlying cirrhosis. If there is cirrhosis, HCC needs to be
considered. The presence of fetal type of epithelial cells in a
HB makes differentiation from a HCC extremely difficult
on histopathology. On the other hand, in the presence of
embryonal type of epithelial or mesenchymal cells, histo-
pathological differentiation from an HCC is easily
possible.264 HCCs may histologically have features transi-
tioning between a hepatoblastoma and a HCC, and these
were earlier referred to as “transitional liver cell tumors”.265

The recent pediatric liver tumor consensus classification
mentions “hepatocellular neoplasmnot otherwise specified”
to highlight this group of tumors.266

Prognosis
A pretreatment extent of disease, a staging, and risk strat-
ification system for liver tumors has been designed by the
International Childhood Liver Tumor Strategy Group to
describe the radiographic appearance of tumors before
treatment and can prognosticate the survival.267

Prevention
Regular 6-monthly surveillance with ultrasonography and
AFP in diseases known to be associated with HCC is war-
ranted.
70 © 2019 Indian National Associa
Therapy
Surgical resection
Surgical resection is the best option as in adults. Unlike
adults where systemic chemotherapy has limited benefit,
childhood HCCs have shown response rates of 50% with
neoadjuvant combination chemotherapy of cisplatin and
doxorubicin (PLADO).268 The better response may be
related to “de novo” tumors and normal liver function.
Also, the tumor may have elements of a hepatoblastoma,
thereby improving response to chemotherapy. Pediatric
liver tumor specialists currently recommend that children
with HCC should receive PLADO with or without sorafe-
nib, as more intensive regimens have not yielded better re-
sults. But the role of postoperative chemotherapy in
pediatric patients is unknown. The suggestion is that
this therapy may be used as neoadjuvant before resection
or in those with unresectable or metastatic disease.269,270

TACE
In a recent retrospective study of 65 children with HCC
from China,271 the authors concluded that HCCs in
children presented in a more advanced stage compared
with adults with a 5 year survival of 15.8% Multiple tu-
mors were seen in 61.5%, 30.8% had portal vein tumor
thrombus and 16.9% had distant metastasis. In
advanced-stage HCC, the overall survival of patients
who underwent TACE was longer than that of patients
who underwent supportive therapy. Very few case series
for TACE exist.

Liver transplantation
There is limited experience in LT for pediatric HCCs with
survival ranging from 25 to 60% at 5 years in unresect-
able tumors.272,273 The American Association for Trans-
plantation and the North American Society for
Pediatric Gastroenterology, Hepatology, and Nutrition
recommend that LT in childhood HCC could be consid-
ered in children with no extrahepatic tumor or gross
vascular invasion on imaging, irrespective of the number,
or size of the lesions. Therefore, Milan criteria may not
hold, and each patient needs to be considered individu-
ally.274,275

Long-term survival
McAteer et al.276 reported unadjusted 5-year survival for
the younger children (0–4 year) of 53% was better than
32%for older children. It was also better in males (40%)
vs. females (26%). Asian children fared worse (13%), than
white (33%) and black (46%) children. The United
Network for Organ Sharing transplant survival data re-
vealed in 152 transplants for liver tumors, and there
were 43 transplants for HCC. The respective 1-year, 5-
year, and 10-year patient survivals after LT were 86%,
63%, and 58%, respectively.277
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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� HCC is a rare tumor in children. However, it is
the second most common primary liver cancer
after hepatoblastoma.

I

� Hepatitis B is the most common cause of HCC
in older children in countries with a high preva-
lence of the infection; now reduced incidence as
neonates being vaccinated.

I

� Etiologies like tyrosinemia type 1, PFIC 2,
Glycogen storage disorders type 1 and IV are
predisposed to development of HCC in children

I

� In India, majority of HCCs are discovered on
explants with etiology of metabolic liver disease
and not Hepatitis B

II-2

� Hepatoblastomas need to be differentiated
from HCCs and occur in a younger age group:
usually less than 2 years of age and in the
absence of background cirrhosis.

I Strong

� The best treatment option for HCC in children is
curative resection.

I Strong

� Systemic chemotherapy with cisplatin and
doxorubicin (PLADO) with or without sorafenib
improves survival in children with HCC either as
a neoadjuvant before resection or in unresect-
able tumors.

II-2 Weak

� Role of sorafenib is not established in children. II-3

� TACE may have a role in advanced HCC in chil-
dren.

II-3 Weak

� There is no data on RFA for HCCs in children. II-3

� Selection criteria for liver transplantation are
individual based and transplant could be
considered in children with no extra-hepatic
tumor or gross vascular invasion on imaging,
irrespective of the number or size of the lesions.

II-2 Weak

TACE, transarterial chemoembolization; HCC, hepatocellular carcinoma;
RFA, radiofrequency ablation; PFIC, progressive familial intrahepatic
cholestasis.
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These updated guidelines provide a data-supported
approach to the diagnosis, staging, and management of
patients of HCC in India as of 2019. They are aimed at
providing the best possible care to the patients of HCC
in India according to the current evidence. They are also
aimed to ensure a uniformity of diagnostic and treatment
approaches of HCC in the entire country and to serve as
framework for future research on HCC in India. As more
evidence is generated, especially from India, in next 3–4
years, these guidelines will need to be further updated
and revised.
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