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ABSTRACT 

Hepatitis C virus (HCV) infection is a major global health concern, with a significant risk of developing hepatocellular 

carcinoma (HCC) in infected individuals. The advent of oral antiviral therapy has revolutionized the management of 

HCV, achieving sustained virologic response (SVR) rates and reducing the risk of HCC. However, some patients still 

remain at risk for HCC even after successful antiviral treatment. Scoring systems have emerged as valuable tools to 

predict HCC risk and assist in post-treatment surveillance. This review aims to summarize and evaluate the existing 

scoring systems developed to assess HCC risk in HCV patients after oral antiviral therapy. We systematically searched 

relevant databases for published articles. We included studies that focused on the development, validation, and clinical 

application of scoring models for HCC risk prediction. We identified scoring systems, utilizing different variables 

such as demographic data, liver function tests, imaging findings, and genetic markers. We discuss the strengths and 

limitations of each scoring system and compare their predictive accuracy. Furthermore, we explore the potential for 

combining multiple scoring models to enhance risk stratification. The findings of this review highlight the utility of 

scoring systems in identifying patients at higher risk of developing HCC despite achieving SVR with oral antiviral 

therapy. Additionally, we discuss the implications of these scoring systems for clinical practice, risk stratification, and 

long-term surveillance of HCV patients. In conclusion, scoring systems offer a valuable approach to estimate the risk 

of HCC in HCV patients post oral antiviral treatment. A better understanding of these scoring models will help 

clinicians in tailored follow-up strategies and early detection of HCC, ultimately improving patient outcomes. Further 

research is needed to refine and validate these scoring systems in different populations and to explore their potential 

inclusion into clinical guidelines. 
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INTRODUCTION 

Hepatocellular Carcinoma (HCC) is 

the fifth most common form of cancer and 

ranks second place in terms of neoplasia-

related deaths globally. The incidence of 

HCC progressively increases with age, 

peaking in the eighth decade of life (White et 

al., 2017). Hepatic cirrhosis is a risk factor for 

tumor development, regardless of its etiology 

(West et al., 2017). One of the most common 

global risk factors for HCC is liver cirrhosis 

secondary to infections with either hepatitis 

C virus (HCV) or hepatitis B virus (HBV). 

The incidence of HCC shows significant 

geographic variations, with most cases in 
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Asia and Africa attributed to HBV, while 

HCV poses a major risk in Western countries. 

The annual risk of HCC is approximately 3% 

in patients with hepatic cirrhosis and active 

HCV infection (El-Serag, 2011). 

Direct-acting antivirals (DAA) 

therapy revolutionized the treatment of HCV 

infection, thanks to its high efficacy and 

excellent safety profile. This allowed the use 

of oral antiviral therapy even in 

decompensated liver disease (Baumert et al., 

2019). The introduction of DAA agents has 

improved sustained virologic response 

(SVR) rates to over 85% in all HCV 

genotypes and shortened the duration of 

treatment (Baumert et al., 2019). DAA 

therapy has demonstrated high efficiency and 

safety even in special population groups, 

such as patients with human 

immunodeficiency virus (HIV) or HBV 

coinfection, hemodialysis patients, and those 

with recurrent HCV infection after liver 

transplantation. SVR reduces the risk of 

developing HCV-related liver cirrhosis, and 

regression of hepatic fibrosis has also been 

demonstrated (Bachofner et al., 2017, Sporea 

et al., 2017). 

 

MATHERIAL AND METHODS 

 This review relies on an analysis of 

specialized literature accessible in databases 

like PubMed and Google Scholar, including 

medical terminologies such as: chronic 

hepatitis C virus, hepatic fibrosis, 

hepatocellular carcinoma, sustained virologic 

response. 

 

 

 

RESULTS  

 Recent models have evaluated the 

risk of HCC in patients with HCV after 

antiviral treatment (Ioannou et al., 2018). 

Among patients without hepatic cirrhosis at 

the time of DAA treatment, the risk of HCC 

after achieving SVR exists but is very low. 

However, in patients with established hepatic 

cirrhosis before DAA treatment, a substantial 

absolute risk of HCC persists after SVR, 

although significantly lower compared to 

untreated patients and those who did not 

achieve SVR. Current guidelines recommend 

that patients with hepatic cirrhosis continue 

HCC surveillance indefinitely after achieving 

SVR. The risk of HCC varies widely among 

patients, both with and without hepatic 

cirrhosis. 

Considering the increased efficacy of 

DAA therapy, most patients diagnosed with 

HCV-related hepatic cirrhosis have either 

already been treated, are currently 

undergoing treatment, or will be virologically 

cured in the future. Easily applicable methods 

are needed to assess the occurrence of HCC 

in patients with hepatic cirrhosis who achieve 

SVR, as this is one of the most important 

determinants of the cost-effectiveness of 

surveillance. 

 Risk stratification models for HCC 

have been developed among post-SVR 

patients using pre-treatment data. However, 

the time duration since achieving SVR 

represents a complexity that has not been 

accounted for yet. In some patients with 

hepatic cirrhosis, the resolution of hepatic 

fibrosis and hepatic remodeling after SVR 

may lead to a decline regarding the risk of 

HCC in time. However, certain subjects, 

https://www.mdpi.com/search?q=chronic+hepatitis+C+virus
https://www.mdpi.com/search?q=chronic+hepatitis+C+virus
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especially those with decompensated HCV-

related hepatic cirrhosis, may not exhibit 

fibrosis resolution and a reduction in HCC 

risk after SVR. As time passes after SVR, the 

age may increase and may acquire factors 

that either decrease fibrosis or attenuate the 

decline in HCC risk after SVR (type 2 

diabetes, obesity, alcohol consumption) or 

even increase the risk of HCC among 

individuals without hepatic cirrhosis at the 

time of treatment (Mihalache et al., 2012). 

Numerous studies evaluated the risk 

of HCC occurrence in patients with chronic 

HCV infection. These studies aimed to 

determine the risk of HCC in patients with 

SVR. One of the well-established risk factors 

for HCC development after SVR in patients 

with HCV infection is advanced fibrosis or 

hepatic cirrhosis (Makiyama et al., 2004). 

HCC rarely occurs within HCV infection in 

the absence of hepatic cirrhosis. There is also 

evidence showing that patients with type 2 

diabetes have a higher risk of HCC after 

achieving SVR (Hung et al., 2011). Several 

other factors (advanced age, male gender, 

alcohol consumption, elevated gamma-

glutamyl transpeptidase [GGT] levels before 

and after treatment, high pre-treatment liver 

cytolysis syndrome, elevated alpha 

fetoprotein [AFP] tumor marker before and 

after treatment, low pre-treatment and post-

treatment albumin levels) have also been 

associated with HCC occurrence in post-SVR 

patients (Hiramatsu et al., 2015). Another 

application of risk stratification for HCC can 

be used to propose different surveillance tests 

for different risk categories (Darrick, 

Raumond, 2015)(tab. I).  

 

Table I.Risk factors for HCC post-SVR in patients with HCV infection  

Study SVR subjects Follow-up period  

(years) 

Risk factors/scores 

Makiama 2004 1197 5.9 • Age >50 years 

• Male gender 

• Fibrosis f3/f4 

 

Ikeda 2005 1056 4.7 • Age >60 years 

• AST > 100 U/L 

• Platelets <150,000/μL 

 

Chang 2012 871 3.4 • Fibrosis f3/f4 

• Age >60 years 

• AFP >20 ng/ml after 

treatment 

• Platelets <150,000/μL 

 

Arase 2013 1751 8.1 • Diabetes mellitus 

• Male gender 
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• Alcohol consumption 

• Age (for every 10 years) 

 

Oze 2014 1425 3.3 • AFP >5ng/ml after 

treatment 

• Age >65 years 

 

Yamashita 2014 562 4.8 • Fibrosis f2/f3/f4 

• Age >50 years 

• Alcohol >30g/d 

• AFP >8ng/ml before 

treatment 

Huang 2014 642 4.4 • GGT >75 U/L 

• Age >65 years 

• "Fibrosis f2/f3 

 

Toyoda 2015 522 7.2 • Diabetes mellitus 

• Fibrosis f4 

 

Chang 2015 801 5.0 • Age >60 years 

• AFP >20 ng/ml after 

treatment 

• Platelets <150,000/l 

• Fibrosis f3/f4 

 

AFP- alpha fetoprotein, AST-aspartate aminotransferase, GGT-gamma-glutamyl transpeptidase, 

SVR- sustained virologic response 

 Efficient, expensive, and labor-

intensive invasive strategies such as 

computed tomography (CT) or magnetic 

resonance imaging (MRI) examinations can 

be cost-effective if indicated in high-risk 

groups (Goossens et al., 2017). Although 

these models have been mentioned in patients 

with HCV-related hepatic cirrhosis, post-

HCV antiviral treatment, and HBV infection, 

the calculation of HCC risk is still 

investigated. 

In patients with decompensated 

hepatic cirrhosis who achieved SVR, a 

reduction in the Model for End-Stage Liver 

Disease (MELD) score and hepatic venous 

pressure gradient has been observed (Foster 

et al., 2016, Lens et al., 2017). Recent data 

also show that SVR reduces hepatic and 

overall mortality (Backus et al., 2019). The 

WHO goal of eradicating HCV infection may 

reduce the risk of HCC by preventing the 

progression of HCV-related liver cirrhosis, 

enabling fibrosis regression, and diminishing 
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the carcinogenic effect of the virus (Lazarus 

et al., 2017, Ioannou, Feld, 2019). However, 

recent studies have shown conflicting data 

regarding the increased risk of HCC 

occurrence and recurrence in patients who 

achieved SVR (Reig et al., 2016, Conti et al., 

2016). Additionally, as mentioned before, the 

financial resources required for expanding 

services and therapy costs present significant 

limitations, especially in resource-limited 

countries (Ward, Hinman, 2019). 

 Since 2014, the use of DAA has 

significantly reduced the high number of 

chronic HCV cases. However, this decline 

has been countered by a substantial increase 

in the prevalence of nonalcoholic fatty liver 

disease (Wong et al., 2014, Gavril et al., 

2016). Chronic viral hepatitis C remains the 

second major cause for liver transplantation 

in waitlist subjects (Noureddin et al., 2018). 

The introduction of DAA treatment 

has resulted in both short-term and long-term 

clinical benefits due to achieving SVR 

(Ioannou et al., 2018). Previous prospective 

studies using Interferon-based therapy have 

also shown evident proofs, demonstrating 

that treatment was strongly associated with a 

reduced risk of HCC (Bruix et al., 2011). 

 Morgans meta-analysis evaluated the 

presumed benefit and demonstrated that 

achieving SVR with Interferon was 

associated with a 76% reduction in the risk of 

HCC (Morgan et al., 2013). However, there 

are studies which show that SVR induced by 

DAA did not reduce the prevalence of HCC 

and even suggest a short-term increased risk 

of recurrence in patients previously treated 

for HCC (Reig et al., 2016, Conti et al., 

2016). A study (Conti et al., 2016) following 

374 cirrhotic patients without HCC, treated 

with DAA for 24 weeks, reported HCC 

occurrence in 9 out of 285 patients (3.2%) 

and HCC recurrence in 17 out of 59 patients 

(28.8%) previously treated for HCC. Child-

Turcotte-Pugh (CTP) class and HCC history 

were independently associated with HCC 

development, but neither HCV genotype nor 

DAA therapeutic regimen correlated with 

HCC occurrence. Additional reports suggest 

alarming rates of de novo HCC diagnosis in 

6 out of 66 patients (9%) after 6 months of 

DAA treatment cessation (Reig et al., 2016) 

and 4 out of 54 patients (7.4%) after a 12-

month follow-up (Cardoso et al., 2016). 

These studies have limitations (single-center, 

uncontrolled, without long-term follow-up 

periods), thus excluding well-defined 

conclusions. In contrast, multiple large 

cohort studies have demonstrated that DAA-

induced SVR is associated with a reduced 

risk of HCC occurrence (Kanwal et al., 2017, 

Ioannou et al., 2017, Li et al., 2018). Among 

22,500 patients treated with DAA, there were 

271 new cases of HCC that occurred after 

DAA treatment, including 183 patients with 

SVR (Kanwal et al., 2017). 79 out of 22,579 

(0.34%) cases developed HCC during DAA 

treatment and were excluded from the study. 

The risk of HCC was higher in those with 

HCV-related hepatic cirrhosis compared to 

those without hepatic cirrhosis. SVR was 

associated with a 76% reduction in the risk of 

HCC compared to those who did not achieve 

SVR. Moreover, HCC diagnosed during 

treatment was not more aggressive compared 

to those that occurred after treatment. 

In a retrospective study, over 60,000 

veterans with HCV who received antiviral 
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therapy between 1999 and 2015, including 

DAA, Interferon, or combination treatments, 

were evaluated (Ioannou et al., 2017). Cases 

of HCC diagnosed within 6 months of 

treatment initiation were excluded. Patients 

with SVR after DAA treatment showed a 

71% reduction in the risk of HCC compared 

to cases of DAA treatment failure. 

Furthermore, the risk reduction of HCC 

associated with SVR was similar regardless 

of achieving SVR solely through DAA, 

solely through Interferon treatment, or 

through combination therapies, suggesting 

that HCV eradication reduces the risk of 

HCC, regardless of the antiviral regimen. 

A meta-analysis of 26 observational 

studies on HCC occurrence highlighted a 

higher incidence of HCC in patients with 

DAA-induced SVR compared to Interferon-

induced SVR (2.96/100 patients/year and 

1.14/100 patients/year). Patients treated with 

DAA were older and were followed up for a 

shorter period (Waziry et al., 2017). In 

another study, DAA therapy was not 

associated with an increased risk of HCC 

compared to Interferon. A large cohort study 

that included 17,836 HCV-infected veterans 

in the United States compared patients 

treated with DAA to those treated with 

Interferon and untreated patients (Li et al., 

2018). Patients treated with DAA showed a 

significantly higher incidence of HCC 

compared to those treated with Interferon, but 

the subjects also had a significant rate of 

known risk factors for HCC, including 

cirrhosis, older age, and elevated AFP tumor 

marker levels. A subanalysis of cirrhotic 

subjects who achieved SVR did not show 

statistically significant differences in HCC 

incidence between the groups treated with 

DAA and Interferon. 

 Furthermore, untreated cirrhotic 

subjects had a twofold higher incidence of 

HCC compared to both treated groups. There 

was a notable increase in the risk of HCC 

occurrence by 3.73% per 1000 individuals 

per year in a cohort of 1123 patients with 

hepatic cirrhosis treated with DAA during a 

follow-up period of 19.6 months (Mariño et 

al., 2019). Consistent with the results in 

veteran cohorts, the risk was higher in 

patients without SVR compared to those who 

achieved SVR, and disease severity (CTP 

class B, C, high liver stiffness, clinical 

presence of portal hypertension, hepatic 

decompensation) also played a role. 

Moreover, the study (Mariño et al., 2019) 

highlights an increased risk of HCC (up to 

three times) in the presence of hepatic 

nodules before DAA treatment, compared to 

patients without nodules or with well-defined 

benign nodules. It appears that the most 

crucial factor in reducing the risk of HCC is 

the eradication of HCV, with a similar risk 

reduction achieved whether through DAA or 

Interferon therapy. However, a higher 

number of HCC cases may be observed after 

DAA therapy, as more patients are treated, 

and a higher proportion of them are older and 

have advanced liver diseases (Ioannou et al., 

2019).  Another controversy is whether there 

is a higher risk of tumor recurrence in patients 

with HCC treated with curative intent (either 

through resection or radiofrequency ablation) 

after achieving SVR. Unexpectedly high 

rates of HCC recurrence have been reported 

in patients with a complete radiologic 

response after DAA treatment. HCC 
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recurrence was detected in 17 out of 59 

(28.8%) patients in an Italian study and in 16 

out of 58 (27.6%) patients in a Spanish 

population during a six-month follow-up 

period. However, the small number of 

patients, lack of a control group of untreated 

patients, and short follow-up limit any clear 

conclusions regarding the malignancy 

potential of anti-HCV treatment and risk 

factors for recurrence (Reig et al., 2016).

 Two large controlled studies 

highlight that there are no increases in HCC 

recurrence in patients who were adequately 

treated for HCC and received DAA 

compared to untreated individuals (Cheung et 

al., 2016, Singal et al., 2019). In a clinical 

study, 314 subjects who underwent liver 

transplantation for HCC were treated with 

DAA (Kershaw et al., 2006). The mean time 

duration between liver transplantation and 

initiation of DAA treatment was 67 +/- 60 

months. HCC recurrence was observed in 

only seven patients (2.2%). Most of these 

patients (5/7) presented with predictive 

factors for recurrence based on histological 

criteria of the native liver. Moreover, two 

patients experienced recurrence after liver 

transplantation, but before the introduction of 

DAA treatment. Thus, incomplete treatment 

or misstaging of the tumor initially may lead 

to misinterpretation in retrospective studies. 

This can result in a misattribution of DAA as 

responsible for HCC recurrence. 

To further assess the risk of HCC 

recurrence after DAA compared to the risk 

after Interferon treatment, meta-analyses and 

metaregression of studies comparing HCC 

incidence and recurrence after DAA and 

Interferon treatment were performed (Waziry 

et al., 2017, Nagata et al., 2017, Nishibatake 

et al., 2019). The same meta-analysis and 

metaregression of studies comparing HCC 

incidence and recurrence after DAA and 

Interferon treatment (Waziry et al., 2017) 

demonstrated no differences in HCC 

recurrence. Additionally, a Japanese analysis 

also showed no significant differences in 

HCC recurrence between patients treated 

with Interferon or those treated with DAA 

(Nagata et al., 2017). The cumulative 

incidence of HCC recurrence in patients who 

achieved SVR was significantly lower 

compared to patients without SVR under 

both forms of treatment. Another Japanese 

study highlighted recurrence rates after DAA 

treatment of 39% and 61% at one and two 

years, respectively, with no significant 

differences (Nishibatake et al., 2019). 

Achieving 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 periods without 

recurrences were identified as independent 

risk factors for recurrence after antiviral 

treatment. 

 

CONCLUSIONS 

While oral antiviral therapy has 

transformed the management of HCV, the 

risk of HCC remains a critical concern in 

these patients. Existing HCC risk scoring 

systems offer valuable guidance, but their 

applicability to the post-DAA era needs 

further evaluation. Advancements in risk 

prediction models and personalized 

approaches may contribute to improved HCC 

risk stratification and facilitate timely 
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interventions for better patient outcomes. 

Continuous research and collaboration 

among experts in hepatology and oncology 

are vital in addressing this evolving clinical 

challenge.  
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