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Abstract

One quarter of the global population is estimated to have nonalcoholic fatty liver disease
(NAFLD). The incidence of nonalcoholic steatohepatitis (NASH) is projected to increase by up to
56% in the next 10 years. NAFLD is already the fastest growing cause of hepatocellular carcinoma
(HCC) in the USA, France and the UK. Globally, the prevalence of NAFLD-related HCC is likely
to increase concomitantly with the growing obesity epidemic. The estimated annual incidence of
HCC ranges from 0.5% to 2.6% among patients with NASH cirrhosis. The incidence of HCC
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among patients with non-cirrhotic NAFLD is lower, approximately 0.1 to 1.3 per 1,000 patient-
years. Although the incidence of NAFLD-related HCC is lower than that of HCC of other
aetiologies such as hepatitis C, more people have NAFLD than other liver diseases. Urgent
measures that increase global awareness and tackle the metabolic risk factors are necessary to
reduce the impending burden of NAFLD-related HCC. Emerging evidence indicates that reduced
immune surveillance, increased gut inflammation and gut dysbiosis are potential key steps in
tumorigenesis. In this Review, we discuss the global epidemiology, projections and risk factors for
NAFLD-related HCC, and propose preventive strategies to tackle this growing problem.

The incidence and prevalence of nonalcoholic fatty liver disease (NAFLD) are rapidly rising
worldwidel. The global prevalence of NAFLD is approximately 25%!, ranging from 13%
in Africal to 42% in southeast Asia®. NAFLD encompasses a spectrum of diseases including
nonalcoholic fatty liver (NAFL) or simple steatosis, which has a more benign course, and
nonalcoholic steatohepatitis (NASH), which can progress to cirrhosis and hepatocellular
carcinoma (HCC)>8. NASH prevalence is projected to increase by up to 56% between 2016
and 2030 in China, France, Germany, Italy, Japan, Spain, UK and USA’. NAFLD is driven
by metabolic syndrome and is associated with obesity, insulin resistance and
hyperlipidaemia2. Obesity and insulin resistance lead to chronic inflammation, altered lipid
metabolism and a pro-carcinogenic state that promotes HCC development®°. Some experts
in the field have proposed changing the nomenclature from NAFLD to metabolic associated
fatty liver disease (MAFLD)0. Others, however, have highlighted that the molecular basis of
the disease entity is still unclear and a switch in terminology at this stage might create
confusionll,

HCC is the fourth-leading cause of cancer death worldwide!213, It is the second-leading
cause of years of life lost worldwide to cancer, which highlights the high disease burden of
liver cancerl4. In the USA, the incidence of liver cancer is increasing at the highest rate of
cancers of all sites'®. Owing to a combination of ageing, population growth and an increase
in metabolic syndrome, there was a 75% increase in incident cases of HCC between 1990
and 2015, with the highest burden of liver cancer incidence, death and years of life lost in
east Asial2.

NAFLD-related HCC tends to occur in older individuals (mean age 73 years in patients with
NAFLD-related HCC versus 66 years in patients with hepatitis C virus (HCV) infection and
70 years in patients with hepatitis B virus (HBV) infection)16, tends to be diagnosed at a
later stage and is associated with poorer survival than viral hepatitis-related HCC1.
NAFLD-related HCC is also well known to develop in the absence of liver cirrhosis, unlike
liver diseases of other aetiologies such as alcohol-related and autoimmune liver diseasel’+18,
The absence of HCC screening protocols in patients with NAFLD but without cirrhosis
contributes to the late diagnosis and management. It is likely that the rates of NAFLD-
related HCC will increase in parallel with the obesity epidemic. In 2012, 35% of the US
population had obesity1°. By 2030, 48.9% of the total US population is projected to have
obesity1%20, NAFLD is now the fastest growing cause of HCC in liver transplant recipients
and transplantation candidates on the waiting list in the USA2L. Similarly, studies from
Europe, South Korea and southeast Asia have demonstrated a rapid increase in the
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proportion of patients with HCC attributed to NAFLD over the past two decades?225. In this
Review, we discuss the global epidemiology, trends and projections for NAFLD-related
HCC. We highlight data regarding HCC development in patients with non-cirrhotic NAFLD
and propose surveillance strategies in patients without cirrhosis. In addition, we review the
risk factors for NAFLD-related HCC and discuss preventive measures.

Global NAFLD-related HCC epidemiology
HCC in NASH cirrhosis

Studies of HCC incidence in patients with NASH cirrhosis from the USA and
Europe.—The annual incidence of HCC in cohorts of patients with NASH in the USA and
Europe ranges from 0.7% to 2.6%2%:27 (TABLE 1). In our opinion, the wide variation is
explained in part by the differences in age, metabolic profile and presence or severity of
hepatic decompensation in the patients included in these studies. The data are largely from
either clinic-based or hospital-based cohort studies and transplant registry databases.
However, high-quality, population-based cohort studies are generally lacking. In a cohort of
195 patients with NASH cirrhosis referred for transplantation evaluation between 2003 and
2007 at the Cleveland Clinic in Ohio, USA, Ascha and colleagues found that the annual
incidence of HCC development was 2.6% in patients with NASH cirrhosis and 4.0% in
patients with HCV-related cirrhosis?®. Sanyal and colleagues conducted a study of patients
between 1992 and 2004 at Virginia Commonwealth University in Virginia, USA, and found
a lower HCC incidence in 152 patients with biopsy-proven NASH cirrhosis than in patients
with HCV-related cirrhosis (10 of 149 versus 25 of 147 patients at risk over 10 years)?’. The
higher rate of HCC incidence found in the study by Ascha et al. was possibly because they
included a higher proportion of patients with diabetes and patients with a past history of high
alcohol use, unlike the study by Sanyal et al.2”. A multinational study in 247 patients with
biopsy-proven NASH (118 with F3 fibrosis and 129 with F4 fibrosis) from the USA, UK,
Italy and Australia between 1984 and 2006 found an annual incidence of HCC development
of 0.05%, which was probably related to the fact that approximately half of the cohort had
cirrhosis28. HCC incidence in patients with NASH cirrhosis is higher in older patients, in
men, and in patients with diabetes and higher alcohol intake26:29:30,

Studies of HCC incidence in patients with NASH cirrhosis from Japan and
India.—In a prospective cohort of 68 patients with biopsy-proven NASH cirrhosis
diagnosed between 1990 and 2006 from Japan, the 5-year HCC incidence was 11.3%
compared with 30.5% in a retrospective cohort of 69 patients with HCV-related cirrhosis
matched for age and sex3! (TABLE 1). The NASH cirrhosis cohort in this study was older
(63 years versus 55 years) and had a higher prevalence of diabetes (68% versus 59%) than
the patients in the study by Sanyal et al.2”, which possibly accounts for the higher HCC
incidence. In the Japanese study, patients who developed HCC had a higher prevalence of
diabetes than those who did not develop HCC3L. Furthermore, the global estimated
prevalence of NAFLD far exceeds that of HCV infection (25% versus 2.8%)132. In a
prospective study conducted in Mumbai, India, Amarapurkar and colleagues found an HCC
incidence of 0.5% annually in a cohort of 41 patients with NASH cirrhosis33. This study was
limited by a small sample size. However, there are consistent data, such as from the Japan
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study3! as well as the Cleveland Clinic study?5, indicating that the HCC incidence was
substantially lower in patients with NASH cirrhosis than in those with HCV-related
cirrhosis. Overall, the data from Japan and India are consistent with the data from the USA
and Europe.

HCC in patients with non-cirrhotic NASH

A growing body of evidence has shown that HCC develops in patients with NASH even in
the absence of cirrhosis. A systematic review with a meta-analysis of 19 studies and 168,571
individuals with NASH showed that the prevalence of NAFLD-related HCC in patients with
NASH but without cirrhosis is approximately 38%, compared with 14% in patients with
liver diseases of other aetiologies (that is, liver disease related to alcohol consumption, or
HBV or HCV infection) without cirrhosis (P < 0.001)}7. This study found a remarkably high
prevalence of HCC among patients with NASH. However, a large number of studies were
excluded from the meta-analysis due to missing data, potentially skewing the results. In
addition, the researchers were unable to provide data comparing stages of fibrosis. In a
cross-sectional study including 120 patients with NAFLD-related HCC diagnosed from 2005
to 2010 in Veterans Health Administration hospitals, only 58.3% had cirrhosis3*. Sanyal et
al.3% found that only 46% of patients with NAFLD-related HCC had cirrhosis, based on data
from a health-care claims-based database. In a cohort of 1,500 patients with HCC from the
US Veterans Health Administration, NAFLD was the leading cause of HCC among patients
without cirrhosis3®. Similarly, in a multicentre Japanese cohort comprising 596 patients with
NAFLD-related HCC diagnosed between 1991 and 2010, 36.6% of the patients did not have
cirrhosis3’. Consistent with these findings, in a multicentre Italian cohort comprising 145
patients with NAFLD-related HCC enrolled between 2010 and 2012, 50% of the patients did
not have cirrhosis38. In this Italian study, the patients without cirrhosis with histology
available mainly had NASH with advanced fibrosis rather than simple steatosis without
fibrosis, suggesting that the stage of fibrosis might be relevant in the future risk of HCC in
the absence of cirrhosis. Similarly, in a multicentre Japanese cohort of 87 patients with
histologically proven NAFLD-related HCC diagnosed between 1993 and 2010, 72% had
advanced fibrosis (F3 and F4), whereas 65% had at least moderate-to-severe
necroinflammatory activity3°. The Italian and Japanese studies suggest that in the majority
of patients, HCC develops in the setting of NASH with advanced fibrosis. Current practice
guidelines do not recommend routine HCC screening in patients with non-cirrhotic NAFLD
or NASH40-42,

Studies of HCC incidence in patients with non-cirrhotic NAFLD-NASH from
the USA and Europe.—HCC incidence in patients with non-cirrhotic NAFLD or NASH
ranges from 0.1 to 1.3 per 1,000 patient-years, with the higher estimates found in cohorts
with a higher degree of NASH or stage of fibrosis3?43 (TABLE 2). A population-based
study by Alexander et al.#3 included 136,703 individuals identified from European primary
care databases who were coded for either NAFLD or NASH. Within the Spanish and UK
databases, NAFLD and NASH were separately coded; therefore, the incidence could be
distinguished between the two subgroups. The study found an HCC incidence of 0.2 and 0.6
per 1,000 patient-years among patients with NAFLD in Spain and the UK, respectively.
Among patients with NASH, the study found a higher HCC incidence of 1.1 and 1.3 per
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1,000 patient-years in Spain and the UK, respectively. HCC incidence for NAFL-NASH in
Netherlands and Italy was 0.4 and 0.3 per 1,000 patient-years, respectively. Owing to coding
limitations, the differences in HCC incidence between NAFLD and NASH could not be
ascertained from data from Netherlands and Italy.

Kanwal and colleagues performed a large retrospective cohort study including 296,707
Veterans Health Administration patients with NAFLD diagnosed between 2004 and 2008
(REF.39), In this study, NAFLD was diagnosed based on elevated alanine aminotransferase
(ALT) levels in the absence of HBV or HCV infection and International Classification of
Diseases (ICD) 9 codes for liver diseases. The study found an HCC incidence of 0.21 per
1,000 patient-years. Only 0.4% of the cohort had cirrhosis. In a subgroup analysis, the HCC
incidence was lower in patients without cirrhosis (0.08 per 1,000 patient-years) than in
patients with cirrhosis (10.6 per 1,000 patient-years). Although the incidence of HCC among
patients with NAFLD is substantially lower in those without cirrhosis than in those with
cirrhosis, the prevalence of HCC among those without cirrhosis is sizeable owing to the high
frequency of patients who have NAFLD with fibrosis.

Studies of HCC incidence in patients with non-cirrhotic NAFLD-NASH from
Asia.—Studies from Asia in patients with NAFLD found annual HCC incidences ranging
from 0.04% to 0.6%%*4° (TABLE 2). The presence of NASH, diabetes and advanced
fibrosis were associated with a higher HCC incidence in patients with NAFLD.

Among the studies from Japan, Kawamura et al.** found an annual HCC incidence of
0.043% based on a cohort of 6,508 patients with NAFLD diagnosed by ultrasonography. The
prevalence of significant fibrosis in this cohort was low (aspartate aminotransferase to
platelet ratio index >1.5 in only 2.8% of patients). Therefore, this cohort is more
representative of patients with uncomplicated NAFLD due to its low rates of significant
fibrosis, and notably has a similar incidence to the NAFLD subgroups in the study by
Alexander et al.3. By contrast, Seko et al.*® found a higher annual HCC incidence of 0.4%
in a cohort of 238 patients with biopsy-proven NAFLD-NASH, with 18% of the patients
having advanced fibrosis. The proportion of patients with diabetes was higher, which
probably contributed to the higher HCC incidence in patients with NAFLD compared with
the incidence found in other studies in patients with NAFLD. Similarly, Ito et al.#> found a
relatively high 10-year HCC incidence of 6.04% in a cohort of patients with biopsy-proven
NAFLD. This cohort included a substantially higher proportion of patients with advanced
fibrosis (20.4%) and diabetes (45.1%), resulting in a higher HCC incidence.

A South Korean study including 8,721 patients with NAFLD diagnosed using
ultrasonography, of whom 25% had intermediate or high NAFLD fibrosis scores, found an
HCC incidence of 23 per 100,000 patient-years, lower than the incidence found in the
Japanese studies*’. It is difficult to compare such a study with other studies in which
histology was used to evaluate fibrosis. Notably, the rate of diabetes found in this study was
lower (16.2%) than in the studies by Seko et al.#6 (45.0%) and Ito et al.*> (45.1%). In a
Taiwanese cohort, Lee et al.#8 found a 10-year HCC incidence of 2.73%, which was similar
to that seen in the South Korean study. The cohort of 31,571 patients with NAFLD without
cirrhosis identified by 1CD-9 codes was derived from Taiwan’s National Health Insurance
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Research Database, which had a lower median age and prevalence of diabetes than the
patients in the studies by Ito et al. and Seko et al. The stage of fibrosis in the Taiwanese
cohort could not be accurately determined. Overall, the data from Japan, South Korea, and
Taiwan are consistent with the data from the USA and Europe.

Proportion of HCC attributable to NAFLD

There is substantial heterogeneity in how NAFLD is defined among studies reporting the
proportion of patients with HCC attributable to NAFLD. In the USA, several studies have
defined NAFLD using either ICD-9 codes from large national registries or primary
diagnoses listed in national transplantation databases. As NAFLD is often under-reported4,
many studies have expanded their study definitions to include patients with cryptogenic
cirrhosis®® (where the underlying aetiology remains unknown after extensive investigations
have been performed) and varying components of metabolic syndrome. Some studies have
also included patients with cryptogenic cirrhosis without a requirement for the presence of
metabolic syndrome. The inclusion of these patients could result in misclassification, but
many clinicians would agree that most patients with cryptogenic cirrhosis have NASH
cirrhosis®. Thuluvath et al. analysed the United Network for Organ Sharing database and
compared the clinical characteristics of 7,999 individuals with a listed diagnosis code for
cryptogenic cirrhosis against 11,302 individuals with a listed diagnosis code for NASH
cirrhosis®2. They found a higher prevalence of diabetes and obesity in the NASH cirrhosis
group and found that the risk factor profile of patients with cryptogenic cirrhosis seemed to
be different from that of patients with NASH cirrhosis. They concluded that cryptogenic
cirrhosis might be neither equivalent to nor interchangeable with NASH cirrhosis. However,
the retrospective nature of the study and the use of the United Network for Organ Sharing
database limits validity and generalizability, respectively®L. Further refinement in the
definitions of suspected NASH cirrhosis and cryptogenic cirrhosis would improve the
precision around the estimates of HCC risk in patients with cirrhosis of either aetiology as
well as the proportion of patients with NAFLD-related HCC without cirrhosis. In Asia, in
many studies NAFLD was defined based on imaging or histology, and multiple smaller
studies included patients with either cryptogenic cirrhosis alone (that is, without reporting
NASH cirrhosis) or both cryptogenic and NASH cirrhosis. There is a lack of high-quality,
population-based studies in which the prevalence of NAFLD-related HCC was estimated. In
this Review, cryptogenic cirrhosis is included under NASH cirrhosis in estimating the
prevalence of NAFLD-related HCC. The studies reporting the proportion of patients with
HCC attributable to NAFLD are summarized in TABLES 3,4. The estimated global
proportions of patients with HCC attributable to NAFLD range between 1% and 38% in the
different countries/regions (FIG. 1). In general, countries with a higher proportion and rising
trend of NAFLD-related HCC have a higher prevalence of obesity®3. In the following
section, we highlight several studies that provide insights into NAFLD-related HCC trends
in each region.

Regions with a high proportion of patients with HCC attributable to NAFLD.—
In the UK, Dyson et al.24 studied 632 consecutive patients with HCC referred to Newcastle-
upon-Tyne Hospitals and found the proportion of patients with NAFLD-related HCC
increased from <10% in 2000 to 34.8% in 2010 (TABLE 3). Notably, only patients with
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biopsy-proven NAFLD or radiological evidence of steatosis were recorded as having
NAFLD. Of the 20.4% of patients with HCC who were recorded as having ‘no known
chronic liver disease’, 48.4% had at least one metabolic risk factor. This observation
suggests that the true proportion of patients with NAFLD-related HCC in this cohort might
have been substantially higher than 34.8%. The absence of true population-based studies of
HCC and systematic ascertainment of NAFLD precludes more definitive statements. Estes et
al.”, using a Markov model, forecast that the incidence of NAFLD-related HCC in the UK
would increase by 88% between 2016 and 2030, from 850 to 1,600 cases. These studies
support the possibility that NAFLD might already be the leading cause of HCC in the UK.

In Germany, a comparative analysis of a historical cohort from 1988 to 1999 and 484
consecutive patients with HCC admitted to a tertiary German hospital from 1999 to 2013
showed an increase in the proportion of patients with NASH-related and aetiology-unknown
HCC from 7% to 23.9%, respectively®® (TABLE 3). In that study, Ganslmayer et al. defined
NASH on the basis of histology and an absence of significant alcohol consumption. It is
possible that a large proportion of the patients with an unknown aetiology had NAFLD-
related HCC. Among European countries/regions, Germany is projected to have the highest
prevalence of NAFLD-related HCC (4,090 cases) in 2030, due to its high projected
prevalence of NASH (4.7 million by 2030).

In Saudi Arabia, Aljumah et al.>® found that, of 253 patients with HCC who presented to a
hospital from 2009 to 2011, 21.7% had cryptogenic and possible NAFLD-related HCC
(TABLE 4). The aetiology of HCC among various countries/regions in the Middle East was
also explored in a review by Yapali et al.%8. After exclusion of HCV and HBV infection and
alcohol consumption, 10-20% of the patients had HCC with ‘other causes’ in most of the
Middle East, except in Afghanistan, Iran, Pakistan and Saudi Arabia, where the prevalence
was >20%. In a substantial proportion of the patients with HCC with other causes, the cause
was likely to have been NAFLD due to the high prevalence of obesity in the region®3.

The Africa Liver Cancer Consortium studied 2,566 patients with HCC from nine countries/
regions from 2006 to 2016 (REF.57) (TABLE 3). The most common cause of HCC in Egypt
was HCV infection (84%). In all other African countries/regions included, such as Nigeria
and Ghana, HBV infection was the most common aetiological factor (55%). In patients with
HCC not attributed to HCV or HBV infection or alcohol consumption, the HCC was
classified as cause ‘other or unknown’, and these patients comprised 12% and 22% of the
Egyptian and non-Egyptian cohorts, respectively. The other or unknown causes were not
elaborated upon, but it can be assumed that in a substantial proportion of these patients the
HCC was NAFLD-related.

In a study of 324 patients with HCC presenting to a tertiary centre in India between 1990
and 2005, 21.6% of the patients were considered to have cryptogenic HCC®8 (TABLE 4). In
a study from India in 144 patients with HCC who underwent surgical resection®® between
2009 and 2017, an extremely high proportion (38%) of the patients had NAFLD-related
HCC, which was second only to the proportion with HBV infection (40%). A selection bias
might have been present in this resection cohort towards patients with NAFLD given that
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NAFLD-related HCC can occur in patients without cirrhosis who have relatively preserved
liver function.

The prevalence of cryptogenic HCC in southeast Asia ranges from 12.6% in Singapore to
24.9% in the Philippines?3:60-63 (TABLE 4). In Singapore, Liew et al. found a major
increase in the proportion of patients with cryptogenic cirrhosis-related HCC from 1980-
2005 to 2006-2015 (12.9% to 20.4%, respectively)23. With the exception of the study from
Singapore, none of these studies specified the diagnostic criteria for NAFLD.

Regions with a moderate proportion of patients with HCC attributable to
NAFLD.—Data from the USA show that the prevalence of NAFLD-related HCC is rapidly
increasing. In a population-based study that used the Surveillance, Epidemiology and End
Results (SEER) registries to identify patients with HCC in the USA from 2004 to 2009,
Younossi et al.16 estimated that 14.1% of patients had NAFLD-related HCC (TABLE 3).
The average annual increase in NAFLD-related HCC from 2004 to 2009 was 9%, which is
lower than the 13% annual increase in HCV-related HCC. However, the researchers used
non-validated ICD-9 codes to define NAFLD and included cases coded as cryptogenic
cirrhosis, and therefore might have overestimated the number of patients with NAFLD-
related HCC.

Among patients with HCC requiring liver transplantation in the USA, patients with NAFLD
are the fastest growing group. In an analysis of trends in HCC aetiology from 2002 to 2012
using the United Network for Organ Sharing Registry, Wong et al.%* found an increase in the
prevalence of NASH HCC from 8.3% in 2002 to 13.5% in 2012. After HCV infection,
patients with NASH are the second largest group among patients with HCC requiring liver
transplantation. Using the Scientific Registry of Transplant Recipients from 2002 to 2016,
Younossi et al.2! analysed 26,121 patients with HCC who were either listed for or underwent
transplantation in the USA. This analysis considered the presence of cryptogenic cirrhosis to
indicate NASH. The proportion of patients with HCC secondary to NASH increased 7.7-fold
from 2.1% to 16.2% (trend £ < 0.0001) among all study participants, and 8.5-fold (2.2% to
17.9%; trend £< 0.0001) between 2002 and 2017 among candidates on the waiting list. By
contrast, the proportions of patients with HCC secondary to HCV infection (47.9% to
60.3%; trend £=0.89) and to alcohol consumption (8.3% to 14.2%; trend P = 0.39)
remained stable.

Although HCV infection remains the leading cause of HCC in the USA and confers a higher
HCC risk compared with NAFLD?25, the high efficacy of direct-acting antiviral treatments
and improvements in access to care will eventually reduce the incidence of HCV-related
HCC®. By contrast, NASH and NAFLD-related HCC rates in the USA are projected to
increase considerably. Using a Markov model to predict NAFLD incidence in the USA on
the basis of historical and projected changes in rates of diabetes and obesity, Estes et al.%6
forecast that the prevalence of NASH and NAFLD-related HCC would increase by 63% and
146%, respectively, from 2015 to 2030. By 2030 in the USA, the yearly incidence of
NAFLD-related HCC is projected to increase by 137%, from 5,160 to 12,240 cases.
Between 2015 and 2030, NAFLD-related HCC is projected to cause 110,900 deaths in the
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USA. It is unclear how much of the rapid rise in NAFLD-related HCC diagnoses is due to
better awareness of this disease or to a true increase in incidence.

A population-based study conducted in Manitoba, Canada, in 320 patients diagnosed with
HCC between 2011 and 2015 found that in 39% of the patients the aetiology was
unknown®7. The authors of this study speculated that NASH cirrhosis would have been the
cause of the liver disease in most of these patients with an unknown aetiology. The authors
reported, however, that data regarding aetiology were not reliably captured. A modelling
study estimated that the number of new NAFLD-related HCC cases per year would increase
by 80% from 660 cases in 2019 to 1,200 by 2030 (REF.58).

In South America, a multicentre study involving 1,336 patients with HCC from six countries
between 2005 and 2015 found that in 9% of the cohort the HCC was secondary to NAFLD
and in 3% was attributable to cryptogenic cirrhosis®® (TABLE 3). Notably, the median age at
diagnosis in patients with NAFLD-related HCC in this study was significantly higher than
that in patients with HBV-related HCC (67 years versus 58 years; £ < 0.001), reinforcing the
findings of previous studies demonstrating a more advanced age at diagnosis in patients with
NAFLD-related HCC6. In comparison, an earlier prospective study from nine countries in
South America recruited 240 patients with HCC between 2006 and 2008 and found that the
proportion of patients with HCC attributable to biopsy-proven NAFLD was only 5%.
However, in 15% of the patients, the HCC was attributable to cryptogenic cirrhosis, and
many of these patients might have had underlying NAFLD?O.

In a study in 323 patients with HCC who underwent liver resection at two tertiary centres in
France between 1995 and 2014 (REF.25), Pais et al. found that the prevalence of NAFLD-
related HCC increased from 2.6% (1995-1999) to 19.5% (2010-2014). NAFLD was defined
by the presence of metabolic risk factors in the absence of other causes of chronic liver
disease. By contrast, the prevalence of HCV-related HCC declined from 43.6% to 19.5%
over the same time period (TABLE 3). However, given that NAFLD-related HCC can occur
in patients without cirrhosis who have relatively preserved liver function, it should be noted
that a selection bias might have been present in the resection cohort towards patients with
NAFLD rather than those with HCC of other aetiologies. In a modelling study, Estes et al.”
estimated that the incidence of NAFLD-related HCC in France will have increased by 117%,
from 560 to 1,200 cases annually, by 2030.

Regions with a low proportion of patients with HCC attributable to NAFLD.—
The BRIDGE study was an international consortium consisting of 42 sites in 14 countries/
regions that contributed data from 18,031 patients with HCC diagnosed between 2005 and
2011 (REF.’1). Of the 8,683 patients from China in this study, in only 1% was the HCC
attributable to NAFLD. In the vast majority of patients the HCC was secondary to HBV
infection. However, it should be noted that the current population with NAFLD in China is
estimated to be 243.7 million, compared with 85.3 million in the USA’. An obesity
epidemic combined with an ageing population is projected to fuel an 86% rise in the
prevalence of NAFLD-related HCC in China, from 14,090 cases in 2016 to 26,240 cases by
2030 (REFs3'7).

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huang et al.

Page 10

The proportion of patients with NAFLD-related HCC in Japan is generally lower than in the
USA and Europe. In a retrospective multicentre study using data from 53 hospitals in Japan,
Tateishi and colleagues found that of 33,782 patients with HCC treated between 1991 and
2010, 1.8% had NAFLD-related HCC and 8.5% had ‘unclassified” HCC37 (TABLE 4). Ina
substantial proportion of patients, the unclassified HCC might have been secondary to burnt-
out NASH, which is the loss of hepatic fat often observed in association with advanced liver
fibrosis’2. In a nationwide survey of patients with HCC conducted by sending questionnaires
to hospitals throughout Japan, Tokushige and colleagues found that of 14,530 patients with
HCC diagnosed between 1996 and 2009, 2.0% had NAFLD-related HCC and 5.1% had
cryptogenic HCC'3. In both studies, the criteria for NAFLD were based on imaging and
histological evidence without the presence of other causes of liver disease. Similarly a low
proportion of patients with NAFLD-related HCC in Japan (2%) was also found in the
BRIDGE study, although the investigators did not specify how NAFLD was diagnosed’?.
The projection of a modelling study indicated that Japan would experience a 47% increase in
NAFLD-related HCC from 2,200 cases in 2016 to 3,240 cases by 2030. This increase in
NAFLD-related HCC is smaller than that projected for China or the USA (86% and 130%,
respectively)’, with viral hepatitis likely to remain the leading cause of HCC.

Risk factors for NAFLD-related HCC

Risk factors for NAFLD-related HCC include older age, male sex, Latino/Latina ethnicity
and presence of cirrhosis. In a large cohort study involving 296,707 patients with NAFLD,
Kanwal and colleagues found that 290 patients developed HCC3P. In this study, an age of
>65 years was an independent risk factor for HCC development (HR 1.83, 95% CI 1.53-
2.18; P<0.0001). HCC developed more often in men than in women (0.22 versus 0.04 per
1,000 patient-years, respectively). The incidence of HCC was higher in Hispanic individuals
(0.29 per 1,000 patient-years) than in white individuals (0.21 per 1,000 patient-years) and
African American individuals (0.12 per 1,000 patient-years). In patients with cirrhosis, HCC
incidence jumped to 10.6 per 1,000 patient-years compared with 0.08 per 1,000 patient-
years in individuals without cirrhosis. Diabetes and obesity are also major risk factors
among patients with NAFLD, and can act independently or jointly with NAFLD to increase
the risk of HCC. The prevalence of NAFLD and advanced fibrosis among individuals with
diabetes has been estimated at 56% and 17%, respectively’4. Emerging data also implicate
gut dysbiosis and inflammation as additional key risk factors for HCC development in
patients with NAFLD. In studies in mouse models, Ma et al.”® and Shalapour et al.”®
demonstrated that NASH causes suppression of CD4* and CD8* T cells, and thereby
reduces immune surveillance and promotes hepatocarcinogenesis. Factors influencing
NAFLD-related HCC pathogenesis and development are summarized in FIG. 2.

Diabetes mellitus

The relationship between diabetes and NAFLD-related HCC has been investigated in several
studies around the world. In a Mayo Clinic study, 354 patients with NASH cirrhosis were
followed for 47 months. In this cohort, 30 patients developed HCC?. The presence of
diabetes increased the risk of HCC in patients with NASH cirrhosis by fourfold (HR 4.2,
95% CI 1.2-14.2; P=0.02). The authors validated these findings using liver transplant
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registrants identified within the United Network for Organ Sharing. Among patients with
NASH cirrhosis within the network, diabetes was an independent risk factor for HCC
development. Diabetes was also found to be the strongest independent risk factor for the
development of HCC in a large European population-based study that included 136,703
individuals with NAFLD, with only 4.7% having a high fibrosis score (Fib-4)43. Notably, the
effect of diabetes on HCC risk is not unique to NAFLD. Multiple studies from the USA,
Europe and Asia have also shown an increased risk of HCC in patients with diabetes,
regardless of the aetiology of the liver disease’”:78.

Kanwal and colleagues evaluated the independent and combined effects of the components
of metabolic syndrome on the risk of HCC in patients with NAFLD without cirrhosis’®.
They evaluated 271,906 individuals in the USA, 253 of whom developed HCC during
follow-up. The analyses showed that additional metabolic traits led to a stepwise increase in
risk, with diabetes being associated with the highest risk of HCC development. The
collective findings suggest that both patients with cirrhotic NAFLD and patients with non-
cirrhotic NAFLD should be screened regularly for diabetes or pre-diabetes.

Obesity has been shown to mediate inflammation and hepatocarcinogenesis via production
of the tumour-promoting cytokines I1L-6 and TNF8. Lipid accumulation results in chronic
low-grade inflammation, triggering increased levels of IL-6 and TNF. IL-6 leads to
activation of signal transducer and activator of transcription 3 (STAT3), which stimulates
hepatocyte proliferation and malignant transformation8. Notably, oestrogen has been found
to inhibit IL-6 production in vivo, which could explain the lower incidence of HCC in
women®0, A meta-analysis of 26 prospective studies showed that obesity increases the risk
of primary liver cancer by 83%, and overweight increases the risk by 48%81. However,
NAFLD status was not examined in these studies. An older systematic review by Saunders
and colleagues, published in 2010, identified ten cohort studies (including a total of >7
million individuals) that examined the association between obesity and HCC82. Seven of the
ten cohort studies found a positive association, with the relative risks ranging from 1.4 to
4.1. Hassan and colleagues performed a case—control study comparing 622 patients with
newly diagnosed HCC and 660 healthy controls, matched for age and sex83. The researchers
found that obesity in early adulthood was associated with HCC development (OR 2.6, 95%
Cl 1.4-4.4). However, obesity did not affect prognosis after a diagnosis of NAFLD-related
HCC.

In the previously mentioned study by Kanwal and colleagues’®, patients without cirrhosis
with obesity had a 1.3-fold increased risk of developing HCC, although this finding did not
reach statistical significance (HR 1.31, 95% CI 0.98-1.74). Obesity in the presence of
diabetes, hypertension and hyperlipidaemia further increased the risk of developing HCC to
2.6 (HR 2.57, 95% CI 2.3-2.9). A study performed using the United Network for Organ
Sharing database found that obesity was an independent risk factor for HCC in patients with
cryptogenic cirrhosis and alcoholic cirrhosis but not in patients with liver diseases of other
aetiologies®4. Thus, obesity is a risk factor for HCC development in both patients with non-
cirrhotic NAFLD and patients with cirrhotic NAFLD.
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Smoking has been associated with an increased risk of HCC in general®. In a meta-analysis
of 81 studies, the pooled odds ratio for HCC development was 1.55 (95% CI 1.46-1.65) in
current smokers and 1.39 (95% ClI 1.26-1.52) in former smokers86. However, no studies
have specifically examined the association between smoking and NAFLD-related
HCC26.2943 |n our opinion, individuals with NAFLD should still be advised to stop
smoking.

The gut microbiota and bile acid metabolism

NAFLD is associated with disruption of intestinal enterocyte intercellular tight junctions,
increasing gut permeability and translocation of gut bacteria and lipopolysaccharides; this
leads to hepatic inflammation and fibrosis8”-91, The gut microbiota regulates the bile acid
pool and consequently the farnesoid X receptor (FXR), a bile acid sensor®2. In mouse
models, FXR helps to prevent hepatocarcinogenesis by protecting against bile acid-related
liver injury and modulating fibrosis®3-9°, In a study evaluating the gut microbiota profile of
patients with NAFLD-related HCC, faecal calprotectin was increased and Akkermansia and
Bifidobacterium species were decreased in patients with NAFLD-related HCC (7= 21)
compared with patients with NASH cirrhosis (7= 20)%. Akkermansiaand Bifidobacterium
species have been shown in mouse and rat models, respectively, to reinforce the gut barrier
and reduce liver inflammation®7-98. The researchers of the study®® concluded that reduced
abundance of these protective bacteria could have led to increased intestinal and liver
inflammation, promoting HCC development®7:98, More data are needed to clarify the
mechanisms and role of the microbiota in hepatocarcinogenesis.

PNPLAS3 single-nucleotide polymorphism

The patatin-like phospholipase domain-containing 3 (PNPLA3) c.444 C>G single nucleotide
polymorphism, which encodes the 1148M variant, has been strongly linked to an increased
risk of HCC in humans®®. Hassan and colleagues compared 257 patients with histologically
confirmed HCC (60.7% cirrhotic) and 494 controls with non-liver cancers!®. Individuals
with the homozygous GG genotype had an increased risk of HCC (OR 3.2, 95% CI 1.7-6.4)
compared with those with CC or CG genotypes. To evaluate the association between the
PNPLA3 rs738409 single-nucleotide polymorphism and HCC, Singal et al. performed a
systematic review involving 24 studies and 9,915 patients with liver diseasel01. The
polymorphism was associated with a higher risk of HCC in patients with cirrhosis (OR 1.40,
95% ClI 1.12-1.75). A subgroup analysis showed an increased risk of HCC among patients
with NASH-related or alcohol-related cirrhosis (OR 1.67, 95% CI 1.27-2.21), but not among
patients with cirrhosis of other aetiologies.

In a case—control study comparing 100 patients with NAFLD-related HCC (67% cirrhotic)
and 275 patients with biopsy-proven NAFLD, possession of the PNPLA3 rs738409 C>G
polymorphism was shown to be an independent risk factor for HCC development (OR 5.05
in GG homozygotes, 95% CI 1.47-17.29; P= 0.01)102, This significant association persisted
following adjustment for diabetes, BMI and the presence of cirrhosis. When GG
homozygotes were compared with the general population of the UK (CC homozygotes), the
effect was even more marked (OR 12.19, 95% Cl 6.89-21.58; P < 0.0001)%9102 Further
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studies are needed to clarify the mechanisms by which the PNPLA3 1148M mutation
contributes to hepatocarcinogenesis. By contrast, the TM6SF2 rs58542926 gene
polymorphism was not significantly associated with an increased risk of HCC in a European
cohort, but this might have been related to the small cohort size (7= 99)103, The MBOAT7
rs641738 variant was strongly associated with HCC in a cohort of 765 Italian patients with
NAFLD, especially in those without advanced fibrosis, but was not associated with HCC in
a validation cohort of 358 patients with NAFLD without cirrhosis in the UK104,

Surveillance

Currently, there is no direct high-level evidence to support or refute the value, method or
frequency of HCC surveillance of the NAFLD or NASH cirrhosis population. However, on
the basis of cost effectiveness modelling, the American Association for the Study of Liver
Diseases (AASLD) and European Association for the Study of the Liver (EASL)
recommend considering HCC surveillance in patients with cirrhosis when the expected HCC
incidence is 1.5% per year or higher*2:105, Therefore, patients with compensated cirrhosis as
well as patients with decompensated cirrhosis awaiting liver transplantation should undergo
HCC screening?0:105, In addition, as up to 30% of patients with NAFLD-related HCC do
not have a cirrhosis diagnosis, HCC surveillance might also be considered in patients with
advanced fibrosis on a case-by-case basis. The American Gastroenterology Association
(AGA) Clinical Practice Update recommends that HCC screening be considered in patients
with non-invasive markers that indicate the presence of advanced fibrosis (F3) or
cirrhosis1%8. To minimize the likelihood of misclassification, the AGA recommends
combining two or more non-invasive fibrosis tests of separate categories (that is, blood-
based and imaging-based). If the results of the tests are concordant for either advanced
fibrosis or cirrhosis, the update supports consideration of HCC surveillance (FIG. 3). The
EASL guidelines recommend that patients with liver disease (of any aetiology, not limited to
NAFLD) with advanced fibrosis (F3) might be considered for HCC surveillance on the basis
of an individual risk assessment#2, while the Asian Pacific Association for the Study of
Liver Diseases (APASL) clinical practice guidelines do not provide a specific
recommendation for surveillance in patients with NAFLD without cirrhosis?1:107_ In patients
without advanced fibrosis, the risk of HCC is too low to recommend routine screening0.

Ultrasonography with or without concomitant a-fetoprotein level measurements, is the
recommended modality for HCC surveillance in the AASLD, APASL and EASL practice
guidelines*1:42.105_n a study of 941 patients with cirrhosis who underwent ultrasonography,
Simmons et al. found that 20% of the scans were of inadequate quality to exclude liver
lesions198, NASH cirrhosis and elevated BMI were two independent fators associated with
an inadequate scan quality. In our opinion, the ultrasound liver visualization score should be
documented, and if found to be inadequate, MRI or CT should be considered
instead105:106.109 (F|G, 3),
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Prevention

Weight loss

Statins

In patients diagnosed with NAFLD, the AASLD, EASL and Asia-Pacific Working Party on
NAFLD practice guidelines recommend a combination of a hypocaloric diet and moderate
intensity exercise to sustain weight loss, but do not recommend specific weight loss
programmes*0.110.111 ' A target weight loss of 10% or more showed efficacy in the resolution
of NASH and regression of fibrosis in up to 90% and 45% of patients, respectively, in a
Cuban study of 293 patients with NASH12, However, most patients with NAFLD are
unable to sufficiently modify their lifestyles to lose weight, despite intensive dietary
counselling and encouragement to perform physical exercisel13.

To evaluate the association between weight loss interventions and biomarkers of liver
disease, Koutoukidis et al. performed a systematic review and meta-analysis of 22
randomized clinical trials that had enrolled a total of 2,588 individuals with NAFLD!14, Of
these studies, 15 evaluated behavioural weight loss programmes, six evaluated
pharmacotherapy and one evaluated gastric balloons. Although no statistically significant
change in histological liver fibrosis was noted in these studies, these weight loss
interventions were associated with improvements in ALT levels, steatosis, NASH and
histological NAFLD activity score.

A separate meta-analysis of 32 studies comprising 3,093 biopsy samples evaluating the
effects of bariatric surgery in patients with NAFLD and obesity found complete resolution of
steatosis and fibrosis in 66% and 40% of patients, respectively1®. It should be noted,
however, that features of NAFLD, including fibrosis, steatosis and inflammation, worsened
in 12% of these patients.

Currently, there is no direct evidence indicating that weight loss leads to a reduction in
NAFLD-related HCC. However, patients with NAFLD should still be encouraged to lose
weight, and formal weight loss programmes might be considered in patients at high risk of
NAFLD-related HCC. Bariatric surgery, in our opinion, cannot yet be recommended for
NAFLD-related HCC prevention.

Statins have anti-inflammatory, anti-angiogenic and anti-proliferative effects and have been
suggested to be effective against inflammation-driven cancers16. In a systematic review and
meta-analysis of ten studies including 4,298 patients with HCC within a total population of
1,459,417 patients, statin use was associated with a significantly reduced HCC risk,
especially in Asian populations1’. In a separate analysis of 15,422 patients with HCC from
the Veterans Affairs Central Cancer Registry, use of statins (both high and low doses) after
HCC diagnosis was associated with lower rates of cancer-specific and all-cause mortality118,
Contrary to these findings, a post hoc analysis of 22 randomized trials failed to show any
benefit of statins with regard to HCC risk!19. It should be noted, however, that none of the
randomized trials in this study was designed or adequately powered to detect differences in
HCC incidence. None of these observational or interventional studies were conducted in
exclusively defined NAFLD or NASH populations. Therefore, at this point in time, statins
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cannot be routinely recommended for chemoprevention of HCC. However, in our opinion,
statins should certainly be considered to treat dyslipidaemia in patients with NAFLD to
reduce cardiovascular risk.

Metformin is an anti-diabetic agent that potentially reduces hepatocarcinogenesis through its
activation of AMP-activated protein kinase, which downregulates c-MYC as demonstrated
in a mouse model20, In several meta-analyses, metformin use was associated with an
approximately 50% reduction in HCC risk, regardless of liver disease aetiology121-123,
However, the reported benefits seen with metformin in these studies could possibly have
been inflated by immortal time bias, time-window bias and time-lag bias!24.

In a retrospective cohort study, Tseng used propensity score matching analysis to compare
HCC risk in 21,900 metformin users versus 21,900 individuals who had never used the drug.
This study showed an overall hazard ratio of 0.5 (95% CI 0.45-0.54)125. None of these
studies was conducted in well-defined NAFLD or NAFLD-related HCC populations. On the
basis of these findings, metformin cannot be routinely recommended for HCC prevention.
However, it should remain as the first-line treatment for diabetes in the presence of NAFLD-
NASH. Further studies are underway regarding the role of glucagon-like-peptide-1 (GLP-1)
analogues in the treatment of NASH, and their results are eagerly awaited.

Aspirin has been shown to reduce T cell-mediated inflammation, slow the development of
hepatic fibrosis and potentially reduce HCC tumour formation in mouse models26,
Sahasrabuddhe and colleagues analysed prospective data from 300,504 participants in the
National Institutes of Health American Association of Retired Persons Diet and Health
Study and found a significantly lower risk of HCC among self-reported users of aspirin
compared with non-users (RR 0.59, 95% CI 0.45-0.77)12. This study, however, did not
establish a dose—response relationship or take into account the effect of concomitant statin
usel28 In a pooled analysis of two prospective cohort studies in the USA involving 133,371
health-care professionals who reported data on aspirin use, Simon et al. showed that regular
use of at least 650 mg aspirin a week was associated with a 50% reduction in HCC risk (HR
0.51, 95% CI 0.34-0.77)129, The benefit of aspirin in reducing HCC risk exhibited a dose—
response relationship and was unaffected by statin use, based on a sensitivity analysis. Given
the observational nature of these studies and their limited number, more research is required
to confirm these findings and identify which subgroups of patients with NAFLD would
benefit most from prophylactic aspirin use.

Conclusions

The prevalence of NAFLD-related HCC is high in several regions worldwide. In particular,
the incidence of NAFLD-related HCC is increasing in the USA and China, with an increased
number of cases expected by 2030. Patients with NAFLD and cirrhosis are at highest risk of
HCC; additional risk factors include old age, possibly male sex and PNPLA3 variants.
Diabetes and obesity are the main risk factors for HCC development. In our opinion,
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individuals with NAFLD should undergo intensive lifestyle modifications to reduce the risk
of diabetes, obesity and subsequent HCC. HCC screening should be considered in patients
with advanced fibrosis and cirrhosis. On the basis of current evidence, chemoprevention
cannot be routinely recommended for primary prophylaxis in HCC at this point but
metformin, statins and possibly aspirin might have a role.
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Key points

Nonalcoholic fatty liver disease (NAFLD) includes simple steatosis and
nonalcoholic steatohepatitis (NASH); NASH can be progressive and
predisposes individuals to the development of fibrosis and cancer.

NAFLD-related hepatocellular carcinoma (HCC) can develop in the absence
of cirrhosis.

NAFLD is the fastest growing cause of HCC in many parts of the world,
including the USA and parts of Europe.

The incidence of NAFLD-related HCC is projected to increase dramatically
by 2030, with increases of 82%, 117% and 122% from 2016 in China, France
and the USA, respectively.

Diabetes is the most important risk factor for HCC development in patients
with NAFLD; thus, screening and early treatment are essential.

Dysregulation of the gut microbiota and reduced immune surveillance are two
new mechanisms that have been implicated in NAFLD hepatocarcinogenesis,
and further research is warranted

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2022 April 01.




1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Huang et al. Page 25

Proportion of HCC
attributed to NAFLD (%)

0.0-4.9
5.0-9.9
" 10.0-14.9
W 15.0-19.9
W 20.0-24.9
W 25.0-29.9
W 30.0-34.9
W 35.0-39.9
Data not available

Fig. 1 |. The estimated proportion of HCC attributed to NAFLD.
The proportion of hepatocellular carcinoma (HCC) attributable to nonalcoholic fatty liver

disease (NAFLD) is high in the UK, India, Germany and the Middle
East16.21-25,37,55-58,60-65,70-72,74,137,138
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Fig. 2 |. Pathogenesis and prevention of NAFLD-related HCC.

Insulin resistance and metabolic dysfunction promote the release of free fatty acids. 8-
Oxidation of free fatty acids induces the generation of reactive oxygen species (ROS) and
the release of pro-inflammatory cytokines. Obesity further induces elevation of IL-6 and
tumour necrosis factor (TNF), which promotes the development of chronic inflammation
and activates STAT3, an oncogenic transcription factor that promotes tumour formation. The
free fatty acid linoleic acid disrupts mitochondrial function and mediates selective ROS-
mediated death of CD4" T lymphocytes, reducing immune surveillance. IgA™* cells
accumulate in nonalcoholic steatohepatitis (NASH), suppressing CD8* T cells and
accelerating hepatocarcinogenesis. Loss of protective gut bacteria and dysregulated
farnesoid X receptor (FXR) signalling in nonalcoholic fatty liver disease (NAFLD) increases
intestinal permeability and hepatic inflammation, hastening hepatocarcinogenesis. HCC,

hepatocellular carcinoma.
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C HCC screening )
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routinely required
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Hepatocellular carcinoma (HCC) screening might be considered in patients with
nonalcoholic fatty liver disease (NAFLD) without cirrhosis when the results of at least two
non-invasive tests are concordant and indicate the presence of advanced fibrosis. The
adequacy of liver ultrasonography should be documented, and alternative imaging modalities
should be considered when the ultrasound image quality is inadequate. AFP, a-fetoprotein.
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