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Abstract
Hepatocellular carcinoma (HCC) is a common and deadly malignancy. The
disease usually develops on a background of chronic liver disease. Until recently,
the most common etiology was infection with the hepatitis C virus (HCV). The
advent of direct-acting antiviral (DAA) therapies has been a major breakthrough
in HCV treatment. Sustained virologic response can now be achieved in almost
all treated patients, even in patients with a high risk for the development of HCC,
such as the elderly or those with significant fibrosis. Early reports raised concerns
of a high risk for HCC occurrence after DAA therapy both in patients with
previous resection of tumors and those without previous tumors. As the World
Health Organization’s goals for eradication of HCV are being endorsed
worldwide, the elimination of HCV seems feasible. Simultaneous to the decrease
in the burden of cirrhosis from HCV, non-alcoholic fatty liver disease (NAFLD)
incidence has been increasing dramatically including significant increased
incidence of cirrhosis and HCC in these patients. Surprisingly, a substantial
proportion of patients with NAFLD were shown to develop HCC even in the
absence of cirrhosis. Furthermore, HCC treatment and potential complications
are known to be influenced by liver steatosis. These changes in etiology and
epidemiology of HCC suggest the beginning of a new era: The post–HCV era.
Changes may eventually undermine current practices of early detection,
surveillance and management of HCC. We focused on the risk of HCC
occurrence and recurrence in the post–HCV era, the surveillance needed after
DAA therapy and current studies in HCC patients with NAFLD.
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Core tip: Hepatocellular carcinoma (HCC) is a common and deadly malignancy. One of
the leading risk factors for HCC occurrence is liver cirrhosis secondary to hepatitis C
virus (HCV) infection. Direct-acting antiviral therapy has revolutionized HCV
eradication due to high sustained virologic response rates. However, early reports argued
an increased risk of HCC occurrence and recurrence. Recently, non-alcoholic fatty liver
disease has become the most common liver disorder in Western countries and a major
cause of HCC. We aimed to review the changes in HCC management in the face of the
changing epidemiology in the post-HCV era.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the second
most frequent cause of cancer-related death globally[1]. The incidence of HCC in all
populations increases progressively with age, reaching a peak in the eight's decade[2].
Cirrhosis is a risk factor for tumor development regardless of its etiology[3]. One of the
most  common risk factors  for  HCC worldwide is  cirrhosis  secondary to  chronic
infection  with  either  hepatitis  C  virus  (HCV)  or  hepatitis  B  virus  (HBV)[1].  The
incidence of HCC shows high geographical divergence as most cases in Asia and
Africa are attributable to HBV while HCV represents a major risk factor in western
countries. The annual risk of HCC is as high as 3% in patients with cirrhosis and
active HCV infection[4]. Direct-acting antiviral (DAA) therapy has revolutionized the
treatment of HCV infection, because of its high efficacy and an excellent safety profile
which enabled its use even in patients with decompensated liver disease, in whom
interferon (IFN)-based regimens were not recommended[5]. The introduction of DAA
agents has improved sustained virologic response (SVR) rates to more than 95% in all
HCV genotypes and shortened treatment duration[6]. DAAs have shown high efficacy
and safety even in special populations, as patients with human immunodeficiency
virus coinfection, dialysis patients and patients with recurrent HCV infection after
liver transplantation (LT)[5,7]. SVR reduces patients’ risk of developing liver cirrhosis
and was shown to cause regression of fibrosis[8,9]. In patients with decompensated
cirrhosis that achieved SVR, reduction in Model for End-Stage Liver Disease scores
and hepatic venous pressure gradient were observed[10-12]. Recent data has also shown
that SVR reduces liver specific and all-cause mortality[13]. The WHO’s goal to eradicate
HCV might induce HCC risk reduction by preventing advancement of  cirrhosis,
allowing fibrosis regression and avoiding the carcinogenic effect of the virus[14,15].
However, early reports argued an increased risk of HCC occurrence and recurrence in
patients  achieving  SVR[16-18].  In  addition,  financial  resources  needed  for  both
simultaneously scaling up coverage of testing services and costs of therapy are major
limitations, especially in resource limited countries[19].

Since  2014,  the  use  of  DAAs  has  decreased  the  burden  of  chronic  HCV.
Nonetheless, this decrease has been countered by a marked increase in the prevalence
of nonalcoholic fatty liver disease (NAFLD)[20]. It is currently the second leading cause
for LT and waitlist  registration in males and females[21].  We aimed to review the
changes in HCC management in the face of the changing epidemiology brought about
by the advances in HCV therapy and the rise in incidence of NAFLD.

THE EFFECT OF DIRECT-ACTING ANTIVIRALS ON HCC
The introduction of DAA therapy led to short and long-term clinical benefits as a
result of HCV elimination[14]. Previous prospective studies with IFN-based therapy
concluded that treatment was strongly associated with a reduction in HCC risk[22-24]. A
meta-analysis  of  12  studies  quantitatively  evaluated  the  presumed  benefit  and
showed that achieving an SVR with IFN was associated with a 76% reduction of HCC
risk[22]. However, early studies of DAAs raised concerns that DAA-induced SVR didn't
reduce occurrence of HCC and suggested a high risk of short-term recurrence in
patients  previously  treated for  HCC[16-18].  Conti  et  al[17]  followed 344 consecutive
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cirrhotic patients, without HCC, who were treated with DAA for 24 wk and reported
HCC occurrence in 9/285 patients  (3.2%) and HCC recurrence in 17/59 patients
(28.8%) previously treated for HCC. Child-Pugh class and a history of HCC were
independently associated with HCC development but neither HCV genotype nor
therapeutic  DAA  regimen  correlated  to  HCC  occurrence.  Additional  reports
suggested an alarmingly high rates of HCC occurrence with de-novo HCC diagnosis
in 6/66 patients (9%) within 6 months of DAA therapy[16] and 4/54 patients (7.4%)
after  a  median follow-up of  12 mo[18].  These studies  were small,  single-centered,
uncontrolled,  retrospective  cohorts  without  long  term  follow  up  period  which
precluded definite conclusions. In contrast, multiple large cohort studies have since
demonstrated  that  DAA-induced  SVR  is  associated  with  reduced  risk  of  HCC
occurrence[25-27].  Among 22500 patients treated with DAA in the national Veterans
Health Administration system, there were 271 new cases of HCC which developed
after DAA treatment, including 183 in patients with SVR[25].  Additional 79/22579
(0.34%) cases developed during the course of DAA treatment and were excluded from
primary analysis. The risk for HCC was higher in patients with cirrhosis than non-
cirrhotics [adjusted hazard ratio (HR) = 4.73; 95% confidence interval (CI), 3.34-6.68]
and SVR was associated with a 76% reduction in the risk of HCC compared with
those  who  did  not  achieve  SVR.  Moreover,  HCCs  that  were  diagnosed  during
treatment  were  not  more  aggressive  than  those  that  occurred  after  the  end  of
treatment. In a retrospective study by Ioannou et al[17] more than 60000 United States
veterans  with  HCV that  were  treated  with  antiviral  therapy between 1999-2015
including therapy with DAAs,  IFN-based regimens or  combined regimens were
assessed[27].  HCC cases  diagnosed  within  6  months  of  treatment  initiation  were
excluded. After adjustment to baseline characteristics, patients with DAA-induced
SVR showed a  71% reduction  in  the  risk  for  HCC compared to  DAA-treatment
failures. Furthermore, the reduction in HCC risk associated with SVR was similar
irrespective of whether SVR was achieved by DAA-only, IFN alone or combined
regimens, suggesting that eradication of HCV reduces the risk of HCC regardless of
the antiviral regimen. A systematic meta-analysis of observational studies including
26 studies on HCC occurrence (IFN = 17, DAA = 9) reported higher HCC incidence in
patients with DAA induced SVR than after IFN induced SVR (2.96/100 patient years
and 1.14/100 patient years, respectively) but patients treated with DAAs were older
and had a  shorter  follow-up[28].  In  a  meta-regression,  after  adjustment  for  study
follow-up and age, DAA therapy was not associated with higher HCC occurrence
compared to IFN. Additionally, a large national cohort of 17836 HCV-infected United
States veterans (ERCHIVES database), compared DAA treated patients to IFN treated
patients and untreated patients[26]. DAA-treated patients had a significantly higher
HCC incidence rate than IFN treated patients but they also had a significantly higher
rate of known risk factors for HCC, including cirrhosis, older age, and higher baseline
Alfa-Feto protein level. A sub-analysis in cirrhotic patients (baseline FIB-4 score > 3.5)
who achieved SVR, showed no significant difference in HCC incidence rate between
the DAAs and IFN-treated groups (22.8 vs 21.2 cases per 1000 person-years, P = 0.7).
Moreover,  untreated  cirrhotics  had  a  twofold  higher  incidence  rate  than  both
treatment groups (45.31 cases per 1000 person-years, P = 0.03). Mariño et al[29] reported
a 3.73% per 1000 person-years risk of  developing HCC in 1123 cirrhotic patients
treated with DAA during a median clinical follow-up of 19.6 mo. In agreement with
results from the veterans' cohorts, the risk was higher in patients without SVR than
those achieving SVR and with more severe disease (Child B or C, high liver stiffness
measurement,  the  presence  of  clinically  significant  portal  hypertension  or
decompensation). Moreover, Mariño et al[29]  reported increased HCC risk (up to 3
times) with the presence of non-characterized nodules before DAAs treatment than in
patients without or with well-defined benign nodules and concluded that a time-
association to therapy is possible. It seems that the most important determinant of a
lower HCC risk is  HCV eradication, with a similar risk reduction irrespective of
whether it is achieved by DAAs or IFN. However, greater absolute numbers of HCCs
might be observed after DAA-based therapy because more patients are treated, and
higher proportion are older with more advanced liver disease[14].

More controversial is whether there is a higher risk of tumor recurrence in patients
with HCC treated with curative intent  (either  with resection or  radio-frequency
ablation)  after  achieving SVR.  Unexpectedly high rates  of  HCC recurrence were
reported in patients with complete radiologic response following DAA therapy[16,17].
HCC recurrence was detected in 17/59 (28.8%) patients in an Italian study[17] and in
16/58 (27.6%) patients in a Spanish population[16], during a median follow-up of 6
months. However, the small cohort size, lack of an untreated control arm, and short
median duration of follow-up limited any definitive conclusions regarding the "pro"-
malignant potential of anti-HCV treatment and the risk factors for recurrence[16,17].
Furthermore, the Spanish study also included patients treated with non-curative
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therapies such as chemoembolization, characterized by high early recurrence rates[16].
Two large controlled studies as well as one propensity-score–adjusted analysis

reported no increase in HCC recurrence in patients with adequately treated HCC who
received DAAs compared to untreated patients[30-32].  In the French CUPILT cohort
(Compassionate use of Protease Inhibitors in viral C Liver Transplantation), 314 HCC-
liver transplant recipients were treated with DAAs[30]. The mean time between LT and
the initiation of DAA was 67 ± 60 mo. HCC recurrence was observed in only seven
patients (2.2%). Most of these patients (5/7) had factors predictive of a recurrence
based on histologic criteria in the native liver. Moreover, two patients experienced
recurrence after LT but before the introduction of DAA. Hence, incomplete treatment
or mistaken initial staging of tumor burden might induce interpretation biases in
retrospective  studies.  This  may lead to  an erroneous attribution of  DAAs being
responsible for HCC recurrence[16,30].

In order to further assess the risk of HCC recurrence after DAA it was compared
with the risk after IFN treatment[28,33,34]. The same meta-analysis and meta-regression of
studies comparing HCC incidence evaluated 17 studies on HCC recurrence after DAA
and IFN therapy[28], there was no difference in HCC recurrence after adjusting for
study follow-up and age. Furthermore, a Propensity score analysis from Japan also
showed no significant difference in HCC recurrence rates between patients treated
with IFN-based regimens or DAAs[33]. Cumulative incidence of HCC recurrence in
patients who achieved an SVR was significantly lower than in patients without an
SVR in both arms of treatment. Another study from Japan reported recurrence rate
after DAA therapy of 39% and 61% at 1 and 2 years, respectively, without significant
difference from IFN based therapy including the patterns of recurrence between
groups[34]. Achievement of an SVR was not significantly associated with the risk of
early HCC recurrence in a multivariate analysis but tumor factors such as a history of
multiple HCC treatments or short recurrence-free period were found as independent
risk factors for recurrence after antiviral therapy.

More evidence against an association of DAA therapy with HCC recurrence arises
from a propensity-score weighted analysis of 149 LT candidates with HCV and HCC
with  initial  complete  response  to  loco-regional  therapies[35].  DAA  use  was  not
associated with increased risk of HCC recurrence but rather was associated with
reduced risk of waitlist dropout due to tumor progression or death. In addition, DAA
use was not associated with decreased probability of LT or overall survival. Thus, the
data  suggests  a  significant  net-benefit  ratio  for  DAA  use  even  in  this  special
population.

POST-SVR HCC SURVEILLANCE
Nowadays, most patients with known chronic HCV have either received antiviral
treatment or are expected to receive DAAs in the near future. Successful antiviral
therapy leading to SVR in chronic HCV, decreases, but does not eliminate the risk of
HCC[36]. Surveillance for HCC must therefore be continued following SVR for all HCV
patients  with  advanced  fibrosis  (F3)  and  cirrhosis  (F4) [ 3 7 , 3 8 ].  Despite  this
recommendation a cost-effectiveness analysis suggested that HCC surveillance is very
unlikely to be cost-effective after achieving SVR in patients with advanced fibrosis,
whereas both annual and biannual modalities were likely to be cost-effective for
patients with cirrhosis[39]. Whether fibrosis regression translates into a reduced HCC
risk beyond the benefit  of achieving SVR is still  unknown and further long term
studies are needed to determine if patients who are proven to have marked reduction
in fibrosis could discontinue surveillance[40].  D'Ambrosio et al[41]  followed a small
group of HCV patients treated with IFN-based regimens for almost 8 years after SVR
but failed to prove any benefit of fibrosis regression on HCC occurrence. Furthermore,
surveillance recommendations in HCV infected patients are currently based on a
survival benefit for patients whose predicted HCC incidence exceed 1.5% per year but
are based on older studies. With the advances in both antiviral therapy and current
therapies of HCC, survival benefit may be seen with a lower threshold[36].  Recent
studies tried to identify risk factors for HCC incidence after DAA therapy[26,42,43]. Lack
of SVR was repeatedly found as the strongest predictor of HCC incidence after DAA
therapy[26,36,42,43].  In  a  single  center,  longitudinal  3-years  follow-up study,  which
included 565 cirrhotic patients, male gender, diabetes mellitus, and liver stiffness or
FIB-4  score  >  9  were  found  to  be  independent  predictors  of  de-novo  HCC.
Nevertheless,  diabetes  mellitus  was  the  only  independent  predictor  of  HCC
recurrence[43]. Data from almost 2000 patients with 1-year follow-up suggested that
age  (>  50  years)  and  the  presence  of  esophageal  varices  may  predict  HCC
occurrence[44]. In contrast, patients within the “Extended Baveno Criteria” (Platelets >
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110000/ µL and Liver Stiffness Measurement < 25 kPa), had a very low probability of
developing  HCC  and  could  be  candidates  to  a  different  surveillance  program.
Multivariate Cox regression analysis based on prospectively collected data from Italy
showed that albumin level < 3.5 mg/dL and platelet count < 120 × 103/dL as well as
absence  of  an  SVR  were  independently  associated  with  higher  risk  of  HCC
development[42].  Apparently,  patients with a substantial  risk for HCC after DAA
induced SVR have other risk factors for HCC occurrence such as age, male sex or
features of a severe liver disease[45]. Additionally, the metabolic syndrome showed an
additive risk effect in patients with chronic viral hepatitis[38,46,47]. Patients with obesity,
diabetes mellitus or the metabolic syndrome are probably still at risk for HCC, in spite
of HCV eradication. Thus, it is important to estimate the risk of HCC occurrence in
order to establish a proper and cost-effective screening strategy (Figure 1). Ioannou et
al[27] developed and internally validated models for prediction of the risk for HCC by
using baseline characteristics prior to antiviral  treatment[36].  They identified four
separate subgroups by cirrhosis and SVR status. HCC incidence was highest in the
cirrhosis/no SVR subgroup and lowest  in  patients  with  no  cirrhosis/SVR.  Age,
platelet  count,  aspartate  aminotransferase/alanine  aminotransferase  ratio  and
albumin accounted for  most  of  the  prediction while  other  characteristics  as  sex,
ethnicity, HCV genotype, body mass index (BMI), hemoglobin and INR had a smaller
contribution. The risk model-based screening strategy showed superior net benefit
than screening all cirrhotic patients or screening none of the non-cirrhotics. There is
an intensive effort to validate sensitive and specific HCC blood-based biomarkers[48,49].
Potentially, these markers may be efficient in early HCC detection and may stratify
patients according to their HCC risk. Thus, the strategy of one surveillance program
fits all is being challenged as a result of the HCV revolution and stratifying patients
according to risk factors seems reasonable but needs to be further validated. Figure 2
illustrates our suggested algorithms for HCC surveillance in HCV patients after DAA
therapy according to HCC occurrence (Figure 2A) or recurrence (Figure 2B).

THE RISING INCIDENCE OF NAFLD INDUCED HCC
The global incidence of obesity has markedly increased in the last decades and so has
the prevalence and incidence of NAFLD. It is estimated that in the United States, over
64 million people will be diagnosed with NAFLD, with annual direct medical costs of
over $100 billion as a result of the high prevalence of the metabolic syndrome and its
complications[50].  The  definition  of  NAFLD  is  based  on  the  evidence  of  hepatic
steatosis (HS) and the absence of other known risk factors for hepatic fat accumulation
(i.e.,  daily alcohol consumption, steatogenic medication usage, etc.)[38,51].  The liver
histology  differentiates  between  nonalcoholic  fatty  liver  (NAFL)  (less  than  5%
steatosis and no evidence of injury to hepatocytes) and nonalcoholic steatohepatitis
(NASH) (steatosis is present in more than 5%, and so does hepatocellular injury, such
as ballooning)[38,51]. Thus, the definitive diagnosis of NASH requires a liver biopsy.

NAFLD is the most common liver disorder in Western countries; Its prevalence is
constantly rising from 15% in 2005 to 25% nowadays[52,53]. In 2016, a meta-analysis of
729 studies (a sample size of over 8 million subjects from 22 countries) estimated that
the global  prevalence of  NAFLD is  25.24% (95%CI:  22.10-28.65)  with the highest
prevalence  in  the  Middle  East  (31.79%,  95%CI:  13.48-58.23)  and  South  America
(30.45%, 95%CI: 22.74-39.440) while the lowest prevalence was reported from Africa
(13.48%, 95%CI: 5.69-28.69)[54].  The prevalence of biopsy confirmed NASH among
NAFLD patients ranged between 6.67%-29.85% in random biopsies to 60.64%-69.25%
among patients  with indicated biopsies.  NAFLD is  commonly referred to as  the
hepatic manifestation of the metabolic syndrome. It  is  associated with metabolic
comorbidities such as obesity, diabetes mellitus type 2, and dyslipidemia[54,55]. Current
recommendations by the European association for the study of the liver (EASL)[51]

state  that  all  individuals  with  steatosis  should  be  screened  for  features  of  the
metabolic syndrome and all  individuals with metabolic features and persistently
abnormal liver enzymes should be screened for NAFLD, because NAFLD is the main
reason for unexpectedly elevated liver enzymes. Those metabolic comorbidities also
correspond with the liver disease severity. In a Veterans Health Administration study
of almost 400 patients, type 2 diabetes mellitus and BMI were the most significant
predictors of advanced NAFLD [odds ratio (OR) 11.8, P < 0.001 and OR 1.4, P < 0.001,
respectively][55]. The western diet is also a significant risk factor for NAFLD due to its
high-calorie content, excess saturated fats, refined carbohydrates, sugar-sweetened
beverages and high fructose intake[56,57].  Another risk factor is  sedentary lifestyle
which is more prevalent among NAFLD patients[58]. Several disease modifying genes
have been investigated but only patatin like phospholipase domain containing 3
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Figure 1

Figure 1  Risk factors and their association with hepatocellular carcinoma in patients with chronic hepatitis C
virus infection. SVR: Sustained virologic response.

(PNPLA3)  I148M variant  at  rs738409  was  confirmed in  multiple  cohorts.  It  was
initially identified from genome-wide association studies and was later correlated
with  disease  severity,  level  of  fibrosis  and  HCC  development  in  patients  with
histologically  proven  NAFLD[59,60].  Recently,  the  transmembrane  6  superfamily
member 2 (TM6SF2) gene has been reported as another disease modifier and the
E167K variant was suggested to have clinical implication on progression to cirrhosis
and HCC[61] and a possible protective effect regarding cardiovascular morbidity[62].
Moreover, a study by Koo et al[63] found that PNPLA3 and TM6SF2 risk variants have
an additive effect on the risk for NASH (OR per risk allele, 2.03, 95%CI: 1.50-2.73, P <
0.001) and significant fibrosis (1.61, 95%CI: 1.19-2.17, P = 0.002) even when the model
was adjusted for age, sex, CRP and insulin resistance. However, there are no current
recommendations regarding HCC surveillance for  carriers  of  these variants  and
genotyping in general is not yet recommended routinely[51].

Approximately 40% of NASH patients experience fibrosis progression[54]. According
to a meta-analysis of 11 cohort and 411 patients with biopsy-proven NAFLD the
fibrosis  advancement  rate  is  twofold  higher  in  NASH  compared  to  NAFL,
corresponding to one fibrosis stage every 14.3 years in NAFL (95%CI: 9.1-50.0) and
one every 7.1 years in NASH (95%CI: 4.8-14.3)[64]. In a study by Angulo et al[65] the
stage of liver fibrosis and not the histologic features of steatosis was the determinant
of overall mortality and liver-transplantation free-survival in patients with NAFLD.
HCC occurrence significantly correlates with the degree of steatosis and stage of
fibrosis[65]. In a recent large retrospective cohort study of nearly 600000 patients, the
risk of HCC was 7-fold higher in patients with NAFLD than in matched controls
(Adjusted HR 7.62 (5.76-10.09), P < 0.0001)[66]. In non-cirrhotic NAFLD patients HCC
incidence rate per 1,000 PYs was 0.04 if FIB-4 was low (95%CI: 0.04-0.05) and 0.39
when FIB-4  was  high  (95%CI:  0.31-0.47).  The  presence  of  cirrhosis  significantly
increased the risk to 4.82 if FIB-4 was low (95%CI: 3.52-6.46), and 13.55 if FIB-4 was
high (95%CI: 11.93-15.33)[66]. In a meta-analysis by Younossi et al[54] HCC incidence was
0.44 per 1000 person-years (95%CI: 0.29-0.66) in NAFLD patients and more than 12-
fold higher in patients with NASH [5.29 per 1000 person-years (95%CI: 0.75-37.56)].
Although this incidence is significantly lower than that of chronic HBV or HCV[67],
due to the high absolute number of patients with NAFLD and NASH worldwide this
will obviously result in meaningful implications. Moreover, the incidence of NAFLD-
related HCC has increased by 9% annually[68]. The incidence of HCC in patients with
NAFLD is increased by associated features of the metabolic syndrome[69-71]. In terms of
HCC-related mortality,  in a  large retrospective cohort  study of  the Surveillance,
Epidemiology and End Results registries (2004-2009) which included approximately
5000 patients with HCC and 15000 matched-controls, NAFLD-HCC patients were
older  at  diagnosis  with  shorter  survival  time than patients  with  viral  hepatitis-
associated HCC (1-year mortality: NAFLD-61.2%, HCV-51.3%, HBV-43.7%). NAFLD-
HCC was found to be an independent risk factor for 1-year mortality with an OR of
1.21 (95%CI: 1.01-1.45)[68].  Some studies estimated that almost half of the cases of
NASH-induced HCC arise in non-cirrhotic patients[72,73]. In a study by Mittal et al[74],
around 13% of HCC reported in veterans did not have cirrhosis. Among other factors,
having NAFLD was independently associated with HCC in the absence of cirrhosis.
Nevertheless, according to the American association for the study of liver disease
(AASLD) recommendations the risk of HCC is significantly lower in patients with
NAFLD but without cirrhosis compared to NAFLD with cirrhosis, and surveillance is
currently not recommended for these patients[67].
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Figure 2

Figure 2  Our suggested algorithm for hepatitis C virus patients after antiviral therapy. A: Suggested algorithm
for hepatitis C virus patients [without previous hepatocellular carcinoma (HCC)] after treatment with direct-acting
antiviral according to their risk to develop HCC and recommended surveillance strategy; B: Our surveillance strategy
for HCC recurrence after DAA therapy. SVR: Sustained virologic response; AFP: Alpha-fetoprotein; CT: Computed
tomography; MRI: Magnetic resonance imaging; HCC: Hepatocellular carcinoma.

Abdominal ultrasound is the first-line diagnostic procedure for HCC due to its
relatively low-cost and absence of radiation exposure. The ultrasound sensitivity for
HCC detection is 58%-89% and the specificity exceeds 90% in the general cirrhotic
population[75]. However, its diagnostic ability is frequently limited in NAFLD patients
due  to  excess  weight  and  HS.  The  increased  BMI  leads  to  attenuation  of  the
ultrasound beam by subcutaneous fat and the HS might attenuate the ultrasound
pulse and reduce deep hepatic structures visualization[76]. In a study of 941 cirrhotic
patients who underwent abdominal ultrasound, 20% of the ultrasound studies were
considered inadequate for HCC exclusion[77]. NASH related cirrhosis (OR 2.87, 95%CI:
1.71-4.80),  and  BMI  category  (OR  1.67,  95%CI:  1.45-1.93),  were  found  to  be
independent risk factors for an inadequate study. Other radiological methods, such as
computed tomography scans or magnetic resonance imaging, can be utilized for HCC
screening but since the population at risk is so large, they are not cost-effective and
there is no current evidence to support the use of these modalities for initial HCC
screening.

Once  HCC  is  diagnosed,  treatment  options  and  potential  complications  are
influenced by the  liver  steatosis  as  well.  The  risk  profile  of  liver  resection with
curative intent in NAFLD patients with metabolic syndrome and no advanced fibrosis
is similar to cirrhotic patients[78]. Co-morbidities such as dyslipidemia, hypertension,
diabetes mellitus, obesity, heart and lung chronic dysfunction are commonly observed
in these patients and play a significant and negative prognostic role. NASH is also the
second leading etiology of HCC-related LT. Between 2002 to 2012, the prevalence of
NASH related HCC as an indication for LT increased by nearly 4-fold, while the
prevalence of LT due to HCV related HCC increased only by 2-fold[20].

These worrisome findings raise some questions regarding proper HCC screening in
the NAFLD population and screening for  NAFLD in the general  population.  As
mentioned, in the western countries the average prevalence of NAFLD is reaching a
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quarter of the adult population, while our screening tools and appropriate treatment
strategy are still inadequate. The EASL recommendations 2016[51] endorse screening
for NAFLD in high-risk groups such as patients in diabetes mellitus or obesity clinics
by liver enzymes and/or ultrasound as part of a routine work-up. On the other hand,
the AASLD[38] recommendations recommend against routine screening for NAFLD
because  of  the  uncertain  diagnostic  accuracy  and the  limited  treatment  options
alongside lack of cost-effectiveness of screening. A Markov model analysis suggested
that screening for NASH in diabetic patients is currently not cost-effective due to a
lack of an established effective treatment[79]. These data calls for establishment of a
specific high-risk cohort within the NASH population which should undergo HCC
surveillance.

CONCLUSION
DAA therapy is efficacious for HCV eradication with few side effects. The absolute
risk of HCC occurrence or recurrence is mainly attributed to the more severe liver
disease and older age of patients which can now be treated. There is no evidence that
HCC occurrence or recurrence is different between patients treated with DAA or IFN
therapy and the reduced risk is mainly associated with SVR. HCC surveillance is
currently recommended after DAA therapy in all patients with cirrhosis albeit the risk
might be reduced. Stratifying patients according to risk factors seems reasonable but
needs further validation. In the last decades, NAFLD is becoming a major etiology of
HCC in developed regions. The risk of HCC occurrence is increased by other features
of the metabolic syndrome, evidence of NASH or advanced fibrosis. Moreover, NASH
is an independent risk factor and can promote HCC development in non-cirrhotic
patients.  NAFLD associated  fat  depositions  and  inflammation  can  hinder  HCC
detection and treatment effectiveness. The HCC screening and surveillance protocols
in the NAFLD population should be re-evaluated in this post-HCV era.
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