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Summary

Background: Given the lack of long-term prospective studies, it is challenging for clinicians to
make informed decisions about screening and treatment decisions regarding the risk of
hepatocellular carcinoma (HCC) in patients with non-alcoholic steatohepatitis (NASH) who do not
have cirrhosis.

Aims: To characterise the pooled risk of HCC in the non-cirrhosis population.

Methods: Published studies were identified through April 2016 in MEDLINE, Scopus, Science
Citation Index, AMED and the Cochrane Library. Two independent reviewers screened citations
and extracted data. Random effect odds ratios (OR) were calculated to obtain aggregate estimates
of effect size between NASH and non-NASH groups. Between-study variability and heterogeneity
were assessed.

Results: Nineteen studies with 168 571 participants were included. Eighty-six per cent of
included subjects had cirrhosis. The prevalence of HCC in non-cirrhotic NASH was 38.0%; among
other aetiologies in non-cirrhotics, it was 14.2% (P < 0.001). Non-cirrhotic NASH subjects were at
greater odds of developing HCC than non-cirrhotic subjects of other aetiologies (OR 2.61, 95% CI
1.27-5.35, £=0.009). When examining all NASH subjects either with or without cirrhosis, those
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with NASH as the underlying liver disease did not have a significantly increased risk of HCC (OR
1.43,95% CI1 0.77-2.65, P=0.250).

Conclusions: In non-cirrhotic subjects, those with NASH have a higher risk of HCC compared
to other aetiologies of liver disease. Further study investigating the risk factors of HCC among
non-cirrhotic NASH patients is needed.

1]

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of liver disease worldwide.
1-3 Typically associated with the metabolic syndrome (hypertension, hyperglycemia, central
obesity and dyslipidemia), the pathogenesis of NAFLD is characterised by a dysfunctional
central adipose tissue compartment and insulin resistance leading to the release of
inflammatory cytokines, as well as down regulation of adiponectin, an anti-inflammatory
molecule.*° The downstream effects of this imbalance lead to lipid deposition in
hepatocytes, causing lipotoxicity which interferes with intracellular signaling.® In addition,
fatty acid oxidation yields free radicals, resulting in oxidative stress.” The subsequent
hepatic inflammatory response leads to non-alcoholic steatohepatitis (NASH) in 25% of
patients.8 Prolonged damage may ultimately lead to cirrhosis in approximately 20% of
NASH patients (about 4%-5% of NAFLD patients).2

The prevalence of NAFLD has increased dramatically over the past several decades. In the
USA, 30%-40% of adults have NAFLD* and the prevalence in Japan is between 20% and
35% of the adult population.1:910 These figures are predicted to rise exponentially, as the
World Health Organization estimates that the global percentage of overweight adults will
increase from 35% to 57.8% by 2030.11 There is also mounting evidence that the prevalence
of NASH is underestimated and that patients with cryptogenic cirrhosis may primarily have
underlying NASH.12.13

NASH has gained particular attention over the last decade because of its association with
hepatocellular carcinoma (HCC). This is largely driven by both lipotoxicity and insulin
resistance, ultimately leading to increased fibrogenesis, inflammation and abnormal cellular
proliferation in addition to alteration of cell death via apoptosis, necroptosis and autophagy,
are associated with HCC.> The incidence of HCC has increased by more than threefold over
the past 30 years from 1.5 to 4.9 per 100 000, and HCC is now the 5th most common cancer
worldwide and 3rd leading cause of cancer-related death.1* Rates of HCC are also
increasing in the USA with nearly a fourfold increase from 1.5 to 6.2 per 100 000 persons
since 1973.15 Notably, there has been a stark increase in the percentage of HCC arising from
a nonviral aetiology. The Japanese NOBLESSE study group found that this more than
doubled from 10% in 1991 to 24.1% in 2010.16 While HCC often arises in the presence of
cirrhosis (with an exception being chronic hepatitis B given the direct hepatotoxic nature of
the virus), NASH-associated HCC may develop in both the presence and absence of
cirrhosis.>17.18 For this reason, there may be a substantial number of higher risk patients
who are not captured by routine HCC screening per current guidelines from the American
Association for the Study of Liver Diseases (AASLD).19
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Given the potential for NASH to become a leading cause of HCC in the future,20 estimating
its substantial morbidity and mortality is important. Tokushige et al® demonstrated that
11.3% of patients with NASH cirrhosis developed HCC within 5 years, on par with a 12.5%
rate for patients with alcoholic cirrhosis; however, survival is lower.2! In addition, NASH
cirrhosis is currently the second leading indication for liver transplantation (LT) in the USA.
22 However, transplant candidates with NASH cirrhosis and HCC are less likely to undergo
LT, perhaps in part because of the more advanced stage of their tumours at the time of
diagnosis and an increased burden of medical comorbidity in the setting of advanced age.23
While the literature clearly demonstrates an association between HCC and NASH on an
individual study level, large scale studies are lacking in this patient population as we are
aware of only one other meta-analysis investigating this subject incorporating studies from
2012 and before which found that HCC risk was largely limited to NASH cirrhosis patients.
24 This makes informed decisions regarding HCC screening, surveillance and treatment
difficult for the clinician. We aimed to determine the pooled risk of HCC in patients with
NASH both in the presence and absence of cirrhosis using the available literature.

METHODS

Search strategy and study selection

We performed a systematic review of the medical literature according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. Trained
study investigators systematically searched the medical literature for publications that
contained information allowing for the comparison of HCC risk in NASH patients both with
and without cirrhosis. Published studies were identified through electronic databases;
MEDLINE, Scopus, Science Citation Index, AMED and the Cochrane Library were utilised.
The search criteria included all publications through April 2016 with English language and
human subject restriction. Electronic search criteria included the following terms or
keywords: “nonalcoholic steatohepatitis,” “hepatocellular carcinoma,” “cirrhosis.”
Reference lists of the included articles were reviewed in their entirety to identify any
publications not identified by the initial database searches. Using the same keywords and
terms, recent conference abstract lists and other relevant grey literature sources were also
searched for relevant studies. Studies were excluded if there was no included control or
comparison group, aetiology of liver disease was unclear, no cases of NASH were included,
or if information about cirrhosis or the lack thereof was not available. Studies were not
excluded based on the aetiology of liver disease in the comparator group (eg all chronic
HCV). Letters to the editor and review articles were also excluded. Institutional review
board approval was not required for this systematic review.

Data extraction

Two investigators (JS and BW) independently reviewed the titles and abstracts of all studies
identified using the previously described search criteria to identify studies meeting the
inclusion criteria. Each study meeting requirements of the first-round inclusion criteria then
underwent a full-text independent review by both reviewers. Disagreements about inclusion
between reviewers were resolved by a third clinical reviewer (PS). Two reviewers (JS and
BW) independently extracted the following data from each study that met inclusion criteria:
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patient characteristics (age, gender, model for end-stage liver disease [MELD] score and
aetiology of liver disease), study-level characteristics (author, publication year, study design,
enrolment period, target population, total number of enrolled patients and percentage of
patients with HCC).

Primary and secondary outcomes

The primary outcome of our study was the pooled risk of HCC in patients with NASH both
in the presence and absence of cirrhosis when compared to all other aetiologies of liver
disease, including alcoholic, chronic hepatitis B or C, autoimmune, cholestatic, Wilson’s
disease and hereditary hemochromatosis. The secondary outcome of interest was the pooled
HCC risk in NASH patients without cirrhosis compared to the same composite group of all
other aetiologies of liver disease.

Study quality and bias assessment

As all included studies were observational, the quality of observational studies was assessed
by the Newcastle-Ottawa Quality Assessment for Case Control and Cohort Studies scale2®
and determined based on selection of study groups (maximum four stars), comparability of
groups (maximum two stars) and ascertainment of outcome (maximum three stars) on an
nine-star scale. The supplementary information provides the bias assessment for the
included studies. No studies were excluded due to low-quality.

Statistical analysis

Review manager software (Rev-Man version 5.3; Copenhagen; The Nordic Cochrane
Centre; The Cochrane Collaboration; 2014) was utilised to perform descriptive analysis of
the studies identified, excluded, and included, and meta-analysis of the reported study effect
measures. Pooled odds ratios (ORs) were estimated by the Maentel-Haenszel method.
Corresponding 95% confidence intervals (CIs) were calculated using DerSimonian and
Laird random-effect models, which account for both between- and within-study variabililty.
26,27 Between-study variability was then separately assessed using the Cochran’s Q statistic
(with < 0.10 considered significant).26:27 The proportion of heterogeneity accounted for by
between-study variability was estimated using the / index and adjudicated to be significant
if 2 was >50%.26:27 A funnel plot was created post hoc to assess for the presence or absence
of significant publication bias due to the tendency for studies with positive results to be
published.

RESULTS

Included studies

The electronic search criteria identified 734 studies. After ensuring no duplicates were
present, we screened titles and abstracts, and 51 studies were assessed for eligibility through
full-text review. Through the qualitative systematic review process described in detail in the
methods section, 19 observational case-control or cohort studies®16:17.23.28-42 met the
inclusion criteria for quantitative synthesis in our meta-analysis. No additional studies were
appropriate for inclusion based on our a priori determined inclusion and exclusion criteria.
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Study level characteristics are found in Table 1. The majority of studies controlled for
confounding from common comorbidities seen concurrently with NASH including diabetes
and obesity, each of which has been associated with HCC risk.23:43-45 A summary of the
search results is presented in Figure 1, reflecting the reporting standards of the PRISMA.46

A total of 168 571 participants were included in our analysis. Patient level characteristics are
found in the Supporting information. Patients with NASH (n = 13 345) were compared to
patients with liver disease from a composite of all other non-NASH aetiologies (n = 155
226). Fourteen percent (n = 23 059) of included subjects did not have cirrhosis, of which
1191 had NASH. The prevalence of HCC in all included subjects was 14.5% (n = 24 467).
Mean ages ranged from 46 to 75 years. For subjects with cirrhosis, mean laboratory MELD
scores ranged from 9 to 22.

HCC in all NASH patients

Figure 2A demonstrates the risk of HCC in NASH patients both in the presence and absence
of cirrhosis. Twelve observational studies contributed 145 512 subjects of whom 20 900
(14.4%) had HCC. The prevalence of HCC in all NASH was 22.5% and among other all
non-NASH subjects was 13.6%, £ < 0.001 The aggregate measure of effect from the 12
included studies showed that while not statistically significant, there was a trend towards
significance with increased risk of HCC when comparing NASH patients to all other
aetiologies of liver disease (OR 1.43, 95% Cl 0.77-2.65, A= 0.25, /2 = 99%). No publication
bias was observed (Figure S1).

HCC in NASH patients without cirrhosis

Figure 2B shows the risk of HCC in NASH patients without cirrhosis. Seven observational
studies were included in this analysis involving 3567 cases (15.4%) of HCC in 23 059
patients. The prevalence of HCC in noncirrhotic NASH was 38.0% and among other
aetiologies in noncirrhotics was 14.2%, £ < 0.001. The overall pooled estimate from the
seven studies combined indicated that NASH patients without cirrhosis had a nearly
threefold increased risk of HCC when compared to all other aetiologies of liver disease (OR
2.61, 95% CI 1.27-5.35, £=0.009, £ = 95%). Data on fibrosis stage at the individual patient
level could not be extracted from the included studies for sub-analysis.

DISCUSSION

This study is the most comprehensive assessment of epidemiologic data highlighting the
unique association of NASH with HCC. We performed two separate meta-analyses to better
quantify this relationship. Our systematic review and meta-analysis is the first study to offer
a pooled estimate and quantitative assessment of the clinical risk of HCC in both patients
with and without cirrhosis. We have demonstrated a highly significant increased risk of HCC
in NASH subjects. This appears to be specifically pertinent to noncirrhotic NASH patients,
who are estimated to have a more than 2.5-fold increased risk of HCC in the absence of
cirrhosis compared to other aetiologies of noncirrhotic chronic liver disease. This effect
persists when comparing all NASH patients with and without cirrhosis to a composite of all
other aetiologies of liver disease, albeit the magnitude of effect is attenuated. This important
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finding suggests a need to reframe our understanding of the NASH-HCC association to
ensure that effective surveillance measures are instituted. The poorer outcomes both pre- and
post-transplantation®” in this patient population, where tumours are often discovered at a
more advanced stage with larger volume and greater degrees of infiltration and in the
presence of diabetes and obesity,23:43:44 only further underscores the need for improved
HCC screening. Consequently, outcomes for NASH-associated HCC are, in general, inferior
to other aetiologies of liver disease as lower survival rates and higher 1-year mortality rates
after diagnosis of HCC have been reported.23 In fact, the majority of NASH patients with
HCC die from their primary liver cancer rather than from cardiovascular disease, and rates
of HCC-related mortality are greatest in the NASH population.23 On the other hand, survival
rates for surgical resection in patients with NASH and HCC are similar to other liver
diseases, particularly in the absence of cirrhosis, albeit in highly selected surgical
candidates.18:47

Historically, NASH patients are less likely to undergo appropriate HCC screening and
surveillance.*® When screening is performed, there are inherent limitations to the most
widely used imaging modality as ultrasound has a lower sensitivity for detection of smaller
tumours in patients with NASH, owing largely to visceral adiposity and hepatic steatosis.
49,50 NASH patients also have the lowest rates of recognised liver disease, as diagnostic
uncertainty about either NASH or the presence of cirrhosis often compromises effective
screening; this has been cited as the leading reason medical providers do not perform HCC
screening in this patient population.>©

Non-alcoholic steatohepatitis patients without cirrhosis are not addressed by the current
EASL-EORTC HCC guidelines and the AASLD HCC screening guidelines beyond the
recognition that HCC risk is increased in noncirrhotic NAFLD but that surveillance efficacy
has not yet been demonstrated.1%:51 Revisiting this recommendation seems warranted based
on our findings, however, given the large number of patients with NAFLD and/or NASH
without cirrhosis, extending HCC screening to this patient population would substantially
increase healthcare spending associated with HCC reduction and would need to be modelled
extensively prior to widespread use. In fact, the AASLD HCC guidelines suggest an annual
incidence of 1.5% as the threshold for effective HCC surveillance in this population and
while our study was not intended to evaluate this proposition, our high prevalence rate in the
noncirrhotic NASH group strongly suggest this problem may be more common than
previously thought. More research is needed to better quantify the cost-effectiveness of
universal screening in this increasingly recognised high-risk population to provide updated
guidance in this high-risk population.

Stratification by fibrosis score may offer some further identification of the subgroup of
noncirrhotic NASH most likely to benefit from screening practices; however, reports of HCC
in patients with NAFLD and stage 0 fibrosis have been described.® The effect of fibrosis on
HCC risk remains unknown. Previous studies suggest the composite of stage 3 and 4 fibrosis
have similar cumulative HCC incidence rates when compared to cirrhosis alone.52:53
Recommendations have been made to screen those patients with stage 3 fibrosis disease in
addition to those with cirrhosis,23 although this was based on one experience and the
authors’ expert opinion. To our knowledge, no direct comparison has been made between
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advanced fibrosis (F3-F4) and early stage fibrosis (FO-F2), although cases of HCC in early
stages of fibrosis have been reported in case reports or case series in over one hundred
patients.® Further research to stratify the association between fibrosis stage and HCC risk in
NASH patients without cirrhosis would aid in targeting populations at highest or comparable
risks.

Several limitations need to be considered when interpreting the findings of our work. First,
we excluded a large number of studies due to either missing data or a lack of an effective
comparator group. Second, as with any comparative effectiveness research, information bias
inherent in the primary literature can always pose a problem and while the inclusion of only
high-quality observational studies was meant to protect against the introduction of bias,
there are inherent limitations to retrospective study designs that should be acknowledged.
There was also limited data available about the stage of fibrosis in patients without cirrhosis.
In many instances, no information about time to diagnosis or differing follow-up periods in
the cohort studies was able to be extracted either which could introduce either lead or lag
time bias into our analysis. Our work also suffered from significant heterogeneity in the
included studies which, while offset by the large number of patients included, is still worth
mentioning as it precluded further meta-analysis of several potential outcomes of interest.
This phenomenon may be explained in part by our use of a composite group of multiple liver
diseases, especially since different aetiologies of chronic liver disease appear to have
inherently different risks for HCC incidence. Our results may have been biased towards the
null by our inclusion of chronic hepatitis C in the comparator group, as this population
historically has one of the highest risks of HCC.23:3254 On the other hand, inclusion of only
NASH and not just NAFLD subjects may introduce bias away from the null hypothesis and
exaggerate the HCC risk in the NASH population as NASH by definition includes only
subjects who are most likely to have some degree of liver fibrosis.

In conclusion, taken as an isolated aetiology, individual studies suggest NASH is associated
with HCC risk when compared to other aetiologies of liver disease. In pooled analysis, we
found that in noncirrhotic patients, those with NASH have a higher risk of HCC compared to
other aetiologies of liver disease. This important finding suggests a need for clinicians to
reframe their understanding of NASH and ensure effective surveillance measures are
instituted. Further studies investigating the risk factors of HCC among noncirrhotic NASH
patients are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 2.

Favours non—-NASH

A, Pooled measure of effects for NASH and HCC in all patients (either with or without
cirrhosis). There was a trend towards significance with increased risk of HCC when

comparing NASH patients to all other aetiologies of liver disease, however, this was not
statistically significant. B, Pooled measure of effects of NASH and HCC in patients without
cirrhosis. The overall pooled estimate from the seven studies indicates that patients with
NASH have a 261% increased risk of HCC when compared to all other aetiologies of liver

disease
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