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Abstract
Hepatitis C virus (HCV) is a significant cause of hepatocellular carcinoma (HCC). 
The direct-acting antivirals marked a new era of HCV therapy and are associated 
with greater than 95% cure rate. Successful treatment of chronic hepatitis C 
greatly reduces the risk of HCC. A proportion of patients, especially those with 
pre-existing cirrhosis, remain at risk for HCC despite sustained virologic response 
(SVR). Diabetes mellitus, hepatic steatosis, alcohol consumption and lack of 
fibrosis regression are associated with risks of HCC after HCV cure. Noninvasive 
modalities such as aspartate aminotransferase to platelet ratio index and fibrosis-4 
index and transient elastography have been used to monitor hepatic fibrosis. 
More recently, various fibrosis scores have been combined with clinical 
parameters and other novel biomarkers to predict risks of HCC for patients who 
achieved SVR. These models still need to be validated and standardized prior to 
applying to routine clinical care.

Key Words: Hepatitis C virus cure; Hepatocellular carcinoma; Hepatocellular carcinoma 
risk models; Fibrosis markers; Transient elastography

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Direct-acting antivirals (DAA) therapy has revolutionized the treatment for 
chronic hepatitis C. However, the development of hepatocellular carcinoma (HCC) 
after achieving DAA-induced sustained virologic response remains a significant 
concern, especially those with advanced fibrosis. It is critically important to monitor 
hepatic fibrosis and continue HCC surveillance for patients with pre-existing cirrhosis. 
Lack of hepatic regression and several comorbid conditions are associated with HCC 
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risks. Some promising models for predicting HCC risks after hepatitis C virus cure are 
in development.
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INTRODUCTION
Hepatitis C virus (HCV) is a global health issue affecting 160-170 million people 
worldwide[1]. According to recent National Health and Nutrition Examination Survey 
data, there are approximately 2.4 million people with chronic hepatitis C (CHC) in the 
United States[2]. There are 6 major genotypes of HCV[3]. Globally, G1 is most com-
mon accounting for 49.1% of all infections among adults, followed by G3 (17.9%), G4 
(16.8%), G2 (11.0%), G5 (2.0%) and G6 (1.4%)[3]. There are significant geographic 
variations in the 6 HCV genotypes (Table 1). G1 is the predominant HCV genotype, for 
example, in North America, Europe, Caribbean and Latin America. G4 is most 
common in North Africa especially Egypt and the Middle East. The high prevalence of 
G3 in Asia is largely contributed by South Asia in particular India and Pakistan[3].

HCV-related hepatocellular carcinoma (HCC) is the fifth most common cancer 
worldwide, accounting for 85%-90% of primary liver cancers[4]. Advanced stage liver 
fibrosis (Metavir stage F3) carries an increased risk of HCC, and patients with cirrhosis 
(Metavir stage F4) have an annual HCC incidence of approximately 4%[4]. With the 
advent of direct-acting antivirals (DAA) therapy, over 95% of the treated patients were 
able to achieve sustained virologic response (SVR) or HCV cure[5]. HCV cure reduces 
the HCC risk but those with preexisting cirrhosis remain at risk[6,7]. This review 
focused on the pathogenesis and risk factors of HCC after HCV cure, and the applic-
ations of noninvasive modalities and models to predict HCC.

NATURAL HISTORY OF HCV INFECTION
The transmission of HCV occurs mainly via blood with the majority due to unsafe 
injection use (intravenous drug use, healthcare workers in underdeveloped countries) 
and blood transfusion recipients before 1992[8]. Moreover, sexual transmission of 
HCV has significantly increased in human immunodeficiency virus-infected MSM in 
recent years[9,10].

After the virus transmission, HCV RNA reaches a detectable level in the serum in 7 
to 21 d[11,12]. HCV RNA levels rise rapidly during acute infection but it generally 
takes 4-12 wk for the elevation of alanine aminotransferase (ALT) (indicative of hepatic 
injury) with an associated increase of serum bilirubin[13]. HCV itself is not cytolytic, 
but it generates potent innate and adaptive immune responses with cytotoxic 
cytokines production and hepatic injury[14]. Acute liver failure due to HCV is rare, 
but its incidence increases especially in patients with pre-existing chronic liver 
diseases[12].

Spontaneous eradication of HCV with recovery occurs only in only 15%-25% of 
patients with acute hepatitis C. The presence of homozygous rs12979860-C alleles in 
the interferon lambda gene, however, is associated with about 80% of spontaneous 
recovery[15,16].

CHC is defined as the persistence of HCV RNA six months after the initial infection. 
CHC can lead to progressive fibrosis, cirrhosis, end-stage liver disease and compli-
cated with HCC (Figure 1). It is estimated that 20%-30% of patients with CHC will 
develop cirrhosis after a period of 20 years[17]. Monitoring the development of fibrosis 
over time can provide a more accurate progression to cirrhosis. A study of paired liver 
biopsies scored by the same pathologists suggested the time to develop cirrhosis from 
diagnosis is about 30 to 40 years[17].

http://creativecommons.org/Licenses/by-nc/4.0/
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Table 1 Regional prevalence of hepatitis C virus genotypes

Regions G1 (%) G2 (%) G3 (%) G4 (%) G5 (%) G6 (%) Mixed

Africa 26.3 23.7 6.3 28.1 12.2 - 3.4

North Africa/Middle East 27.3 0.8 6.3 65.3 0.3 - -

North America 66.3 13.1 15.7 4.3 - 0.6 -

Caribbean 83 7.2 2.1 0.6 - 0.1 7.0

Central Latin America 74.6 21.6 3.3 0.1 0.1 - 0.3

Central Asia 70.4 8.6 19.6 - - - 1.4

South Asia 15.5 1.9 66.7 3.7 0.1 0.5 11.6

Europe 64.4 5.5 25.5 3.7 0.1 0.1 0.7

Australasia 55.0 6.5 36.0 1.2 - 1.3 -

Figure 1 Natural history of chronic hepatitis. HCV: Hepatitis C virus.

After the progression to cirrhosis, patients are at increased risk of decompensated 
liver disease with associated complications such as ascites, spontaneous bacterial 
peritonitis, variceal bleeding and hepatic encephalopathy. The development of any of 
these complications is an indicator of increased risk of death or need for liver 
transplantation. Among patients with compensated cirrhosis, the 5-year and 10-year 
survival was 85%-91% and 60%-79% respectively[18]. The rate of clinical decom-
pensation was 2%-5% per year and incidence of HCC was 1%-4% in these patients[18]. 
Generally, the risk for HCC and death increases significantly once decompensation 
develops[18].

HCV CURE
Treatment for HCV has revolutionized in the last decade. Before 2011, interferon was 
the mainstay of the therapy for HCV. Pegylated interferon combined with ribavirin 
had a success rate of 70% and 80% for genotype 2 and 3, respectively. However, the 
efficacy of interferon in HCV genotype 1 was low at 10%-20% only[19]. The advent of 
DAA marked the new era of HCV cure (Table 2). Boceprevir (Victrelis®) and Telaprevir 
(Incivek®) were the first DAA agents approved for the treatment of genotype 1 HCV 
infection and multiple other regimens obtained approval in the ensuing years. Since 
2016, there are three pangenotypic combination therapies against genotype 1 to 6 with 
potent efficacy.

HCV cure or SVR is characterized by the absence of detectable HCV RNA in the 
serum 12 wk after the completion of DAA therapy[20]. In a meta-analysis of 43 studies, 
the risk of relapse or reinfection in the low-risk patients was 0.95% [95% confidence 
interval (CI): 0.35%-1.69%] over a 5-year period. Among the high-risk populations, 
such as injecting drug users or prisoners, the reinfection rate increased to 10.67% 
(95%CI: 6.38%-15.66%) in 5 years[21].
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Table 2 Current therapies for treatment of chronic hepatitis C

Year approved FDA approved therapy Genotype Trade name

2011 PegIFN/RBV + Boceprevir Genotype-1 Victrelis®

2011 Telaprevir + PegIFNα/RBV Genotype-1 Incivek®

2013 Sofosbuvir + RBV or Sofosbuvir + PegIFNα/RBV Genotype-1, 2, 3 and 4 Sovaldi®

2014 Ledipasvir + Sofosbuvirwith or without RBV Genotype-1, 4, 5 and 6 Harvoni®

2015 Daclatasvir + Sofosbuvir with or without RBV Genotype-1, and 3 Daklinza™ + Sovaldi®

2016 Grazoprevir + Elbasvir + RBV Genotype-1, and 4 Zepatier™

2016 Velpatasvir + Sofosbuvir Genotype 1 to 6 Epclusa®

2017 Glecaprevir + Pibrentasvir Genotype 1 to 6 Mavyret™

2017 Sofosbuvir + Velpatasvir + Voxilaprevir Genotype 1 to 6 Vosevi®

FDA: Food and Drug Administration; RBV: Ribavirin; IFN: Interferon.

REGRESSION OF FIBROSIS AFTER DAA THERAPY
Liver biopsy is the gold standard to estimate liver fibrosis regression after DAA 
therapy. In a study by Cheng et al[22], the Metavir fibrosis score decreased from F3-F4 
to F0-2 in more than 50% of the patients from baseline to post-therapy. Since liver 
biopsy is an invasive procedure that can be associated with potential adverse events, 
non-invasive modalities have been developed to monitor hepatic fibrosis[23,24].

Fibrosis markers: Fibrosis-4 and aminotransferase to platelet ratio index 
Aminotransferase to platelet ratio index (APRI) and fibrosis-4 (FIB-4) are non-invasive 
serum fibrosis markers. FIB-4 and APRI values have been shown to decrease sig-
nificantly during the first four weeks of DAA therapy[22]. The initial reduction in 
fibrosis may be related to a decrease in hepatic inflammation. They reported that 
aspartate aminotransferase (AST) and ALT values significantly decreased by 50.8% 
and 64.1% respectively after 4 wk of DAA therapy and ultimately reaching normal 
values[22].

Fibroscan or vibration-controlled transient elastography
Vibration-controlled transient elastography is a non-invasive and accurate measuring 
tool of liver fibrosis. Liver stiffness scores significantly decreased in patients who 
responded to DAA. Several studies have shown long-term regression of fibrosis over a 
follow-up period of 2 years.

Rout et al[25] reported that high baseline liver stiffness measurements (LSM), low 
platelet count, and low body mass index (BMI) were independently associated with 
improvement of LSM values one year after successful therapy. Furthermore, the levels 
of serum transaminases were not significantly associated with a reduction of LSM on 
multivariate analysis.

Chan et al[26] monitored a cohort of patients for at least a year after completion of 
DAA therapy to exclude the confounding effect of liver inflammation on LSM. They 
observed the median intra-patient LSM reduction was 0.5 kPa between the end of 
therapy and 12 mo after treatment.

Stasi et al[27] observed the greatest reduction in stiffness values at end of DAA 
therapy. The reduction in fibrosis was more gradual thereafter. In this group of 
patients, the liver stiffness values reduced progressively at 1 year, 2 years after 
treatment, respectively. Their findings suggested a continued reduction of fibrosis 
beyond the initial resolution of inflammation.

Several studies reported that patients with advanced fibrosis had significant fibrosis 
regression after achieving SVR. The reduction was approximately 3.1 kPa in 6-12 mo 
after achieving HCV cure, and the median decline in liver stiffness was 28.2% 
(interquartile range of 21.8% to 34.8%)[28]. Despite a reduction from baseline LSM, 
more than half of the patients remained cirrhotic at week 24 after treatment com-
pletion[29]. This result is consistent with previous observations that advanced fibrosis 
often persists after SVR[30,31].
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RISKS OF HCC AFTER HCV CURE
Lack of fibrosis regression 
It is crucial to explore the relationship between the lack of fibrosis regression and HCC 
risk especially in patients with advanced fibrosis and cirrhosis[32,33]. In a study by 
Ravaioli et al[34], 139 patients with HCV-related cirrhosis who achieved SVR after 
DAA treatment were included to evaluate their HCC risk by comparing LSM at 
baseline to end of treatment. The majority of the patients were male (65.5%) and 
genotype 1b (58.3%). Those who developed HCC had in average an 18% reduction in 
LSM compared to 28.9% among those without HCC (P = 0.005). At multivariate 
analysis, a less than 30% reduction in LSM was an independent HCC risk factor.

In another study, Kawagishi et al[35] evaluated fibrosis regression by LSM in 110 
HCV patients who achieved SVR. Regression of liver fibrosis was defined as: A 
decrease by > 1 stage after DAA therapy in patients with liver fibrosis stage F2 to F4; 
and no deterioration of fibrosis in patients with liver fibrosis F0/1. They found the rate 
of regression was lower at 96 wk after SVR among those with higher baseline fibrosis 
stages.

Hepatic steatosis and non-alcoholic fatty liver disease
Hepatic steatosis is one of the histopathologic features of CHC[36]. Both in vitro and in 
vivo studies have shown that HCV core protein expression either in cell cultures or in 
transgenic mice led to the development of hepatic steatosis, contributing to carcino-
genesis[37-39]. Cholet et al[40] in their study demonstrated a significant relationship 
between steatosis and hepatic fibrosis in CHC highlighting the important role played 
by steatosis in liver disease progression in CHC. This relationship remained significant 
in multivariate analysis as well[40].

Hepatic steatosis is among the factors associated with increased risk of developing 
HCC in HCV patients after DAA therapy[41,42]. In a large retrospective study con-
ducted by Peleg et al[43] on 515 CHC patients treated with interferon-free DAA 
regimens, baseline liver steatosis (LS) was significantly associated with all-cause 
mortality and the development of HCC after treatment. Patients with LS had higher 
incidence rates of HCC (5.23 cases per 100 person-years, 95%CI: 4.85-5.71) compared to 
patients with advanced fibrosis (3.51 cases per 100 persons-years, 95%CI: 3.33-3.67). 
Moreover, patients with LS without advanced fibrosis had higher rates of mortality 
and HCC compared to those with advanced fibrosis but without steatosis[42]. Kono et 
al[44] concluded in their study of 286 CHC patients that fatty liver along with 
advanced liver fibrosis is associated with sustained liver damage with abnormal 
alpha-feto protein (AFP) and ALT levels even after HCV cure. In a prospective study 
conducted by Noureddin et al[45], 47.5% of the HCV patients with SVR had evidence 
of LS. Long-term follow-up of these patients is critically important to monitor 
progressive liver disease.

Diabetes mellitus
Diabetes mellitus (DM) is identified as a significant risk factor for HCC in HCV 
patients after SVR but the mechanism remains unclear[46-48]. There is some evidence 
suggesting hyperinsulinemia and insulin-dependent signaling pathways are linked to 
the pathogenesis and progression of HCC. Insulin resistance increases the rate of 
fibrosis progression in HCV infected patients. Hyperinsulinemia and insulin resistance 
as a result of cirrhosis can further promote the development of HCC[49]. HCC risk 
after interferon-induced SVR in patients with DM and cirrhosis had been reported. 
Subsequently, this association was also noted after DAA therapy. A 3-year follow-up 
study including 565 CHC patients with cirrhosis treated with DAAs identified 
diabetes as an independent predictor of de novo HCC[50-54]. Degasperi et al[47] 
identified diabetes as a strong independent predictor for de novo HCC development 
and also HCC recurrence in a cohort of 546 HCV patients treated with DAA. On the 
multivariate analysis, diabetes [hazard ratio (HR): 2.52, 95%CI: 1.08-5.87, P = 0.03] 
predicted de novo HCC as well as HCC recurrence (HR: 4.12, 95%CI: 1.55-10.93, P = 
0.004)[47]. Similarly, in another study, Lu et al[48] also found that DM had a significant 
effect on the risk of HCC [adjusted HR (aHR): 1.65, 95%CI: 1.09-2.49]. In contrast, DM 
was not associated with an increased risk of developing HCC after DAA-induced SVR 
in studies by Kanwal et al[41].

Alcohol
Alcohol is an important HCC risk factor regardless of the presence of HCV. The 
annual incidence of HCC is higher among patients with alcohol use compared to those 
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Figure 2 Pathogenesis of hepatocellular carcinoma. HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; HCC: Hepatocellular carcinoma.

without (aHR: 4.73, 95%CI: 3.34-6.68)[41]. Alcohol-induced oxidative stress and the 
hepatic metabolism of ethanol could increase the conversion of pro-carcinogens to 
active carcinogens that results in HCC[42]. Caldwell et al[55] found that history of 
heavy alcohol consumption, defined as consumption of more than 2 drinks per day or 
14 drinks per week for female; 3 drinks per day or 21 drinks per week for male, had a 
direct impact on FIB-4 score. It was significantly higher in the group with heavy 
alcohol abuse compared to no alcohol abuse. A daily intake of ≥ 80 g of ethanol for > 
10 years is thought to increase the risk of HCC by approximately five-fold and women 
are more susceptible to alcohol toxicity than men[56,57]. Alcohol acts synergistically 
with HCV in accelerating the progression to cirrhosis and liver-related complications
[58]. The ethanol’s effects on hepatic fibrogenesis persist after HCV cure for those who 
continue to consume alcohol. A study by Kanwal et al[41] reported a higher annual 
incidence of HCC among patients with alcohol use (1.01%, 95%CI: 0.83-1.19) compared 
to those without (0.72%, 95%CI: 0.54%-0.91%; aHR: 1.56, 95%CI: 1.11-2.18) after 
achieving SVR post DAA therapy[41] (Figure 2).

PATHOGENESIS OF HCC AFTER HCV CURE
A number of key pathways are involved in the development of HCV-related HCC: (1) 
Fibrosis due to continuous necrosis; (2) Immune-surveillance failures attributable to 
persistent viral replication with immune system escape mechanisms; and (3) Direct 
carcinogenic effect of HCV proteins which deregulate host cell cycle checkpoints 
leading to DNA mutations in liver cells[59]. The pathogenesis of HCC after HCV cure 
remains elusive. A 186-gene expression signature in liver tissue of CHC patients with 
HCC suggested virus-induced transcriptional reprogramming in the liver leading to 
carcinogenesis[60,61]. Epigenetic modifications of histones, for example, can lead to 
chromatin opening and compacting which, in turn, affect gene regulation[62]. 
Hamdane et al[63] investigated HCV-induced epigenetic alterations that might in-
crease HCC risk after DAA treatment in patients and mice with humanized livers. 
They found that chronic HCV infection induced specific genome-wide changes in 
H3K27ac. The 5318 modified genes associated with CHC correlated with changes in 
the expression of mRNAs and proteins. A number of the altered pathways resulting 
from epigenetic changes persisted after HCV cure with DAAs. Namely, molecular 
pathways involving tumor necrosis factor α signaling, inflammatory response, G2M 
checkpoint, epithelial-mesenchymal transition, phosphoinositide 3-kinase, Akt, and 
mammalian target of rapamycin[63]. This analysis showed that H3K27ac changes 
observed in HCV-infected patients were partly reversed after cure for those with stage 
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F2-3 fibrosis. This group shared only 42.5% of the HCV-modified genes. In contrast, in 
DAA-cured patients with cirrhosis (stage F4), 96.6% of the HCV-induced H3K27ac 
changes persisted[63]. By performing chromatin immunoprecipitation followed by 
next-generation sequencing of histone post-translational modifications that are 
epigenetic markers for active and repressed chromatin, Perez et al[64] also demon-
strated that HCV infection induces genome-wide epigenetic changes. The "epigenetic 
signature" persisted after achieving DAA- related cure. Santangelo et al[65] examined 
the impact of DAAs on the ability of exosomal microRNAs (miRs) to modulate the 
innate immune response in patients with CHC. miR-122 was selectively studied as it is 
involved in HCV replication and its loss has been associated with HCC development. 
The study showed that miR-122-5p, miR-222-3p, miR146-5p, miR-150-5p, miR-30C-5p, 
miR-378a-3p, miR-20a5p were enriched in exosomes derived from the HCV-infected 
cells. The liver-specific miR-122 levels and the expression of the aforementioned miRs 
significantly decreased after DAAs therapy[65]. Human HCC cells express vascular 
endothelial growth factor (VEGF) that functions as a cytokine and affects cancer cell 
growth and survival[66]. The VEGF expression correlates with liver cancer angioge-
nesis and proliferative activity. Villani et al[66] studied the effect of DAA treatment-
induced VEGF on HCC angiogenesis. In this study on 117 cirrhotic patients treated 
with DAA, a 4-fold increase in VEGF was observed compared to baseline. This 
significant increase in VEGF could potentially lead to an acceleration of cancer cell 
proliferation prior to HCV cure and the carcinogenesis remained after DAA even 
though the VEGF decreased to normal levels 12 wk after DAA treatment (Figure 2).

IDENTIFYING PATIENTS WITH HCC RISK AFTER HCV CURE 
Although achieving SVR is the goal of HCV treatment, the risk of developing HCC 
remains high particularly in patients with advanced fibrosis and cirrhosis[67]. This risk 
ranges between 1.8% and 2.5% annually. The current guidelines suggest that these 
patients should undergo HCC surveillance every six months by ultrasound with or 
without alfa-fetoprotein indefinitely. On the contrary, patients with no or moderate 
fibrosis who achieved SVR and have no risk behavior could be discharged from 
specialty care[68]. Methods to identify patients with differential HCC risks can be 
challenging.

APRI and FIB-4 have been used to assess the HCC risks. These scores, however, 
were not developed specifically for HCC indication; thus, their accuracy is limited. 
Transient elastography, similarly, was not designed to detect HCC[68]. Specific score 
systems designed to predict HCC after HCV cure remain an unmet need.

A group in Japan developed a simple score to identify HCV patients at risk of HCC 
after achieving SVR[69]. The majority were HCV serotype 1 or 2 patients. They use 
multivariate analysis to identify predictive variables. They found that age (cutoff 75 
years) and post-treatment AFP (cutoff 6 ng/mL) values were independent factors for 
HCC. Thus, they used a score with 0 and 1 point for each factor: < 75 and > 75 years 
were set as 0 and 1 point; < 6 and > 6 ng/mL were set as 0 and 1 points respectively. 
The sum of each factor was considered as the final score. HCC incidence increased 
significantly with higher scores. In the 0-point group, the incidence of HCC was 0% at 
6 mo; 0.3% at 12, 18 and 24 mo; and only 1.26% at 36 mo. In contrast, the risk increased 
in the 2-point group: 2.88% at 6 mo; 4.92% at 12 mo; 11.61% at 18 mo; and up to 18.37% 
after 24 mo. This scoring system is simple to apply but needs to be validated 
prospectively in different patient populations.

In Egypt, Shiha et al[70] conducted a prospective study to develop an HCC risk 
model after SVR. Their model used clinical variables to create scores for low, 
intermediate and high HCC risk. Each variable was given a score according to its HR. 
This General Evaluation Score included age (< 54 = 0; > 54 = 1), gender (male = 3.5; 
female = 0), fibrosis stage (F3 = 1.5; F4 = 3), albumin (> 3.8 g/dL = 0; < 3.8 g/dL = 2) 
and alpha-fetoprotein levels (< 20 ng/mL = 0; > 20 ng/mL = 3). The score range was 
between 0 and 12.5. The low-risk group (score < 6) had a 1-year HCC incidence of 
0.1%, 1.2% at 2 years and 1.9% at 3 years. The intermediate-risk group (score 6-7.5) had 
a 1-year incidence of 0.7%, 3.3% at 2 years and 5.8% at 3 years. Finally, the high-risk 
group (score > 7.5) had a 1-year HCC incidence of 1.2% which increased to 7.1% at 2 
years and 9.5% at 3 years. The advantage of this tool is that it uses commonly available 
clinical variables that can be applied in different settings including low and medium-
income populations. This study included only patients with HCV genotype 4. If it is 
validated in other HCV genotypes and populations, it can be a cost-effective tool for 
HCC surveillance.
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Ioannou et al[71] developed different sets of models according to treatment 
modalities for CHC. For those with DAA-induced HCV cure, the regression model 
showed that age > 60, platelet count < 61 × 104, serum AST/ALT ratio > 8.8 in non-
cirrhotic and > 11.01 in cirrhotic; and albumin < 2.9 were major predictive variables for 
the development of HCC. By applying these variables in the models, the cirrho-
tic/non-SVR group was predicted to have a 13.1% HCC risk at 2.6-year follow-up; the 
cirrhotic/SVR group had a 4.5% incidence at 2-year follow-up; the non-cirrhotic/non-
SVR had a 4.2% incidence at 3.7-year follow-up; whereas the non-cirrhotic/SVR group 
had only a low 0.7% HCC risk at 2.3-year follow-up. Given the differential risks 
according to the clinical characteristics, the HCC screening guidelines could 
potentially be narrowed to specific risk groups. Although this model was internally 
validated and is easily available as a web-calculator tool, external validation would be 
necessary since it was performed using the Veterans Affairs healthcare data only and 
the majority of patients had HCV genotype 1.

Recently, a model using transient elastography was developed in Spain by Alonso L
ópez et al[72], they built two dynamic models for patients with advanced fibrosis and 
cirrhosis who achieved SVR. Their objective was to identify very low HCC risk 
patients who may not require continued HCC surveillance despite the presence of 
advanced fibrosis prior to therapy. The first model included baseline albumin, baseline 
and 1-year follow-up elastography. Given that elastography may not be available in 
every setting, the second model included serological markers only: Baseline albumin, 
baseline and 1-year follow-up FIB-4 and 1-year gamma-glutamyl transferase. They 
found that both models were useful as predictors of HCC. Moreover, after strati-
fication of risk assigned by scoring each variable in both models, the ones who scored 
0 had 0%-0.4% risk of developing HCC. The ability to accurately identify those at very 
low HCC risk could effectively stratify patients for HCC surveillance.

Alpha-fetoprotein is the most available HCC biomarker. Its sensitivity and spe-
cificity are very variable[73]. Recent studies have shown sphingolipids as potential 
biomarkers to detect hepatic decompensation in cirrhotic patients[74]. Two types of 
sphingolipids - C16-ceramide and sphingosine-1-phosphate - have been applied as 
HCC biomarkers in cirrhotic patients. Mücke et al[75] in Germany evaluated sph-
ingolipids as early predictive HCC biomarkers in HCV patients with cirrhosis who 
had achieved SVR. They identified C16Cer as an independent biomarker for early 
detection of de novo HCC in both AFP-positive or AFP-negative patients. Although this 
finding seems novel and promising, prospective studies are needed to clarify the 
association between sphingolipids and carcinogenesis.

In the area of deep learning, Ioannou et al[76] utilized recurrent neural network 
(RNN) models to identify patients at high risk of developing HCC for at least a 3-year 
follow-up period after HCV cure. They used two types of variables: Baseline and 
longitudinal ones to evaluate the risk progression. They compared three models: 
Cross-sectional logistic regression (LR), longitudinal LR and RNN. The area under the 
receiver operating characteristic curve for these groups was 0.67, 0.70 and 0.80 
respectively. The RNN model was superior to the conventional LR models and could 
be a promising tool after computational refi-nement.

CONCLUSION
In the DAA era, the development of HCC remains a significant concern especially 
among those with advanced hepatic fibrosis. A number of factors including diabetes 
mellitus, underlying non-alcoholic fatty liver disease and alcohol consumption have 
been associated with progression to HCC after HCV cure. Promising HCC predictive 
models are being developed but most require validation and standardization. The 
pathogenesis of HCC after HCV cure remains poorly understood. The understanding 
of the molecular mechanisms leading to HCC could facilitate the identification of 
novel biomarkers for early HCC detection.
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