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Abstract: Background: Despite achieving a sustained virological response (SVR) with direct-acting
antivirals (DAAs), an unexpected increase in the occurrence rate of hepatocellular carcinoma (HCC)
has been observed among HCV-treated patients. This study aims to assess the long-term follow-up
of HCV patients treated with DAAs who achieved an SVR to investigate the potential for late-onset
HCC. Methods: In this prospective multicenter study, we enrolled consecutive HCV patients treated
with DAAs following Italian ministerial guidelines between 2015 and 2018. Exclusion criteria included
active HCC on imaging, prior HCC treatment, HBV or HIV co-infection, or liver transplant recipients.
Monthly follow-ups occurred during treatment, with subsequent assessments every 3 months for at least
48 months. Abdominal ultrasound (US) was performed within two weeks before starting antiviral therapy,
supplemented by contrast-enhanced ultrasonography (CEUS), dynamic computed tomography (CT),
or magnetic resonance imaging (MRI) to evaluate incidental liver lesions. Results: Of the 306 patients
completing the 48-months follow-up post-treatment (median age 67 years, 55% male), all achieved an SVR.
A sofosbuvir-based regimen was administered to 72.5% of patients, while 20% received ribavirin. During
follow-up, late-onset HCC developed in 20 patients (cumulative incidence rate of 6.55%). The pattern of
HCC occurrence varied (median diameter 24 mm). Multivariate and univariate analyses identified liver
stiffness, diabetes, body mass index, and platelet levels before antiviral therapy as associated factors for
late HCC occurrence. Conclusions: Our findings suggest that late HCC occurrence may persist despite
achieving SVR. Therefore, comprehensive long-term follow-up, including clinical, laboratory, and expert
ultrasonography evaluations, is crucial for all HCV patients treated with DAAs.

Keywords: hepatocellular carcinoma; direct acting antivirals; HCV; sustained virological response;
liver stiffness; late occurrence; liver disease
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1. Introduction

Hepatitis C, along with its associated consequences, poses a substantial burden on
global public health, healthcare systems, and economies. The World Health Organization
(WHO) reported that in 2016, 399,000 individuals succumbed to chronic viral hepatitis,
predominantly due to complications, such as liver cirrhosis and liver cancer [1].

In recent years, the treatment landscape for Hepatitis C virus (HCV) infection has
undergone a significant transformation with the introduction of new direct-acting antivirals
(DAAs). The first generation of DAAs, including protease inhibitors like telaprevir and bo-
ceprevir, marked a significant improvement but still required combination with interferon
and ribavirin. Recently, more advanced DAAs have been developed, targeting various
stages of the HCV life cycle with enhanced efficacy and tolerability. Key novel DAAs
include NS5A inhibitors, such as ledipasvir and velpatasvir, NS5B polymerase inhibitors
like sofosbuvir, and NS3/4A protease inhibitors, such as grazoprevir and glecaprevir [2].
Combination therapies, like ledipasvir/sofosbuvir, Epclusa sofosbuvir/velpatasvir, and
glecaprevir/pibrentasvir, offer highly effective sustained viral response (SVR) rates ex-
ceeding 90%, minimal adverse events and a short treatment duration, as demonstrated in
clinical trials [3-5]. However, concerns have emerged regarding hepatocellular carcinoma
(HCC) occurrence in cirrhotic patients achieving an SVR, with conflicting reports indicating
both an elevated [6-8] and lower risk [9,10].

Among individuals with HCV infection and cirrhosis, the annual risk of HCC is
estimated to range from 3% to 7% [11,12]. Earlier studies indicated that cirrhotic patients
achieving SVR through interferon (IFN) treatment had a reduced risk of HCC development,
with an annual incidence rate of 1.2-1.4% [13,14]. Nevertheless, the risk of HCC persists
because antiviral treatment may not completely resolve advanced fibrosis or cirrhosis,
which are significant risk factors for liver cancer [15]. Thus, even if these new antivirals
have demonstrated their great value in terms of treatment for Hepatitis C eradication in
the future, several unresolved issues warrant an evaluation, particularly the following:

(1) Does viral clearance truly signify disease resolution? Clarifying this aspect is crucial
for assessing the substantial long-term impact on the natural history of HCV.

(2) Despite more than 5 years of follow-up, uncertainties persist regarding the long-term
clinical evolution of viral disease beyond 10 years. Real-life settings lack decisive
findings on outcomes, such as ascites, variceal bleeding, hepato-renal syndrome,
hepatic encephalopathy, and hepatocellular carcinoma. Addressing these gaps is
fundamental for effective healthcare system management.

Building on our prior research protocol on the long-term follow-up of patients under-
going first-generation DAAs [16], this study undertakes a 48-month real-life follow-up to
investigate the natural history of the disease in individuals treated with second-generation
DAAs, who have achieved an SVR.

2. Methods
2.1. Study Design and Patient Population

From February 2015 to December 2018, a collaborative effort involving four Hospital
and Academic Centres in Southern Italy (Campania Region) on behalf of CLEO (Italian
Society of Hospital Hepatologists) conducted an observational, prospective, real-life study
assessing the efficacy and safety of DAA treatment regimens. The study enrolled all
consecutive HCV patients treated with IFN-free DAA regimens. According to Italian
ministerial guidelines for DAA treatment, the inclusion criteria included HCV-RNA serum
positivity and fibrosis stage >F3 according to the Metavir score. The Italian reimbursement
criteria, applicable at the time of enrollment, were limited to patients with F3-F4 fibrosis,
assessed via liver biopsy or transient elastography (TE) using Fibroscan® (Echosens, Paris,
France). Only TE tests meeting Boursier’s criteria for reliability were considered optimal
for enrollment [17].

All individuals meeting the inclusion criterion of undergoing monthly follow-ups
during treatment and thereafter every 3 months for a minimum of 48 months were eligible
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for this real-life population study. Exclusion criteria encompassed individuals with active
HCC on imaging or a history of previously treated HCC, those with HBV or HIV co-
infection, autoimmune hepatitis, drug-related liver cirrhosis, and liver transplant recipients.

The baseline HCC screening for all patients enrolled in our cohort was performed
according to the European guidelines of the European Association for the Study of Liver
(EASL) [18].

Before initiating antiviral therapy, abdominal ultrasound (US) was performed within
two weeks by two experienced operators at each center, each certified with more than
5000 exams by the Italian Society of Ultrasound Medicine (SIUMB). This approach was
used to mitigate potential biases inherent to a multicenter, unmonitored study. Contrast-
enhanced ultrasonography (CEUS), dynamic computed tomography (CT) scans, or dynamic
magnetic resonance imaging (MRI) was employed to characterize incidental hepatic lesions.
Patients exhibiting nodular patterns suggestive of HCC or uncertain dynamic vascular
behaviour at treatment initiation were excluded from further follow-up.

HCV-RNA was assessed using real-time PCR (COBAS®TaqMan, AmpliPrep, Roche,
Basel, Switzerland) with a detection limit of 15 IU/mL.

The diagnosis of cirrhosis relied on clinical, biochemical, ultrasonographic, elasto-
graphic, and histological features when available, with liver function graded according to
the Child-Turcotte-Pugh (CTP) score system for cirrhotic patients.

Baseline demographic characteristics and clinical parameters, including age, sex, body
mass index (BMI), alcohol consumption, tobacco smoking, presence of comorbidities, and
biochemical parameters were recorded.

The study was conducted in accordance with the Declaration of Helsinki and later
amendments and was approved by the local Ethics Committee, University of Campania
Luigi Vanvitelli, 22 December 2017 protocol number 674. All patients provided written
informed consent to participate in the study.

2.2. Antiviral Treatment

The eligibility of patients for HCV treatment with IFN-free DAA regimens was de-
termined based on priority criteria established in February 2015 by the national Scientific
Society and registry of the Italian Medicines Agency Committee (AIFA) [16]. Prescribing
clinicians, following national and international guidelines and updates [19,20], individually
selected the treatment regimen. The duration of treatment (12 or 24 weeks) was determined
based on the severity of liver disease, with longer durations reserved for cirrhotic patients.

Treatment regimens included sofosbuvir+ribavirin, simeprevir+sofosbuvir + rib-
avirin, daclatasvir + sofosbuvir = ribavirin, or ledipasvir + sofosbuvir =+ ribavirin or om-
bitasvir/paritaprevir/ritonavir + dasabuvir =+ ribavirin (3D). Therapeutic regimens were
categorized as sofosbuvir (SOF)-based, ribavirin (RIB)-included, and sofosbuvir+ribavirin.
The ribavirin dosage was never reduced below 600 mg per day in any therapeutic schedule
based on adverse events.

2.3. Patients Follow-Up

Virological response to therapy was assessed using real-time PCR with HCV-RNA
detection at the end of treatment, 12 and 24 weeks after the end of treatment. SVR, defined
as the persistent absence of detectable serum HCV-RNA 12 weeks after the end of treatment
(SVR12), was evaluated for all the enrolled patients, and any relapse of serum HCV-RNA
during follow-up was recorded.

At least three ultrasound examinations per year were performed for every enrolled
patient during the established follow-up period (at the end of therapy, 12 weeks after the end
of therapy, and 6 months later) in accordance with the HCC surveillance program and study
design. Any detected liver lesion underwent an evaluation through imaging technique
workup (CEUS, or dynamic CT scan or dynamic MRI) following EASL guidelines [18].
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Diagnosed HCC cases were recorded and staged according to the Barcelona Clinic
Liver Cancer (BCLC) staging system [19], leading to the cessation of follow-up for patients
with an HCC diagnosis.

2.4. Liver Stiffness Evaluation

TE by FibroScan, utilizing the M probe (3.5 MHz) with experienced operators
(>1000 exams), was conducted following the manufacturer’s instructions. The probe was
placed on the skin in the intercostal space over the right lobe of the liver with the patient
fasting for at least 3 h. Liver stiffness was calculated over at least 10 valid measurements.
The LSM, expressed in Kilopascal (Kpa) within the range of 2.5-75, was assessed for reliabil-
ity using the interquartile range (IQR)/median ratio IQR/M) (<30%). The IQR served as
an index of the intrinsic variability of LSM. Moreover, operators were blinded to the clinical
and biochemical data of the patients. The IQR corresponds to the interval of LSM results
containing 50% of the valid measurement between the 25th and 75th percentiles. Advanced
fibrosis was defined as a FibroScan >10 kPa but <14 kPa. Cirrhosis was defined as a
FibroScan >14 kPa in combination with clinical, laboratory, and ultrasound parameters.

2.5. Endpoints of the Study

The primary endpoint was to evaluate the late occurrence rate of HCC in HCV patients
with SVR after the DAA treatment schedule, defined as carcinoma onset after 48 months
from SVR. The secondary endpoint was to evaluate the risk factors associated with late HCC
occurrence. Furthermore, a sub-analysis specifically targeted cirrhotic patients, with the
primary objective of mitigating potential selection bias and evaluating the distinctions be-
tween individuals classified as Child A and Child B according to the Child-Turcotte-Pugh
scoring system.

3. Statistical Analysis

Data for continuous variables are presented as either the median or range, while
categorical variables are expressed as numbers and percentages. Fisher’s exact test or the
Chi-square test was employed for analyzing differences between groups in the case of
categorical variables. The Mann-Whitney U test or Kruskal-Wallis test was utilized for
comparing continuous variables.

For multivariate analysis, logistic regression with stepwise Wald statistic input was
performed. Additionally, a Receiver Operating Characteristic (ROC) curve analysis was
constructed to assess the actual risk of HCC development based on liver stiffness val-
ues (kPa).

Statistical significance was considered for p values below 0.05. All statistical analyses
were carried out using the SPSS software (IBM, Armonk, NY, USA), version 24.

4. Results

Of the 452 patients initially treated, 306 were successfully followed up for at least 48
months post-treatment, as per the study design. Among the 146 excluded patients, 80 had
incomplete data and/or follow-up post-treatment, 30 had HBV coinfection, 23 patients had
HIV coinfection, 12 patients had active HCC on imaging or a history of previously treated
HCC, 1 died during treatment with causes unrelated to DAAs, and 0 patients suffered from
autoimmune hepatitis and/or drug related cirrhosis.

Data distribution was uniform across the participating Centers. The baseline demo-
graphic characteristics of the enrolled population are reported in Table 1.

The median age of the cohort was 67 years, with a predominant male representation
(55.1%). Type 2 diabetes was reported in 13.3% of patients. The majority of enrolled patients
had a genotype 1 HCV infection (77.8%). The liver stiffness median value was 21 Kpa
(range 16-29). A cut-off of 22.9 KPa was associated with a significant increase in the risk of
HCC onset (Figure 1). Cirrhosis was present in all patients, with 94.4% classified as CTP
class A and 5.6% as class B.
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Table 1. Baseline characteristics of the entire study cohort (1 = 306).

Parameter
Age (yrs.), median [IQR] 67 [60-73]
Sex, n (%)

Male 165 (53.9)

Female 141 (46.1)
BMI, median [IQR] 26.1 [24.3-28]
Smoke, 1 (%) 2(0.7)
Potus, n (%) 2(0.7)
Diabetes, 1 (%) 59 (19.3)
Metabolic syndrome, 1 (%) 22 (7.2)
Number of lesions, 1 (%)

0 286 (93.5)

1 15 (4.9)

>2 5 (1.6)
Portal invasion, n (%) 4(1.3)
Bright liver, n (%) 22 (7.2)
Liver stiffness (kPa), median [IQR] 21 [16-29]
Duration of therapy, median [IQR] 12 [12-24]
Platelets, median [IQR]

T0 108,000 [73,000-153,000]

SVR12 103,500 [65,250-122,000]
Genotype, n (%)

1 243 (79.4)

2 50 (16.3)

3 11 (3.6)

4 2(0.7)
Child-Pugh Score TO, 1 (%)

A 289 (94.4)

B 17 (5.6)
Child-Pugh Score SVR12, n (%)

A 298 (97.4)

B 8(2.6)
Therapy, n (%)

Sofosbuvir/Ribavirin 80 (26.1)

Sofosbuvir/Ledipasvir 69 (22.5)

Sofosbuvir/Daclatasvir 23 (7.5)

Sofosbuvir/Simeprevir 50 (16.3)

3D 84 (27.5)
Late HCC, n (%) 20 (6.5)

Data are expressed ad either the number and percentage or median and interquartile range (IQR). BMI, body
mass index; SVR, sustained virological response has been observed at all timepoints 12-14-48 weeks; HCC
hepatocellular carcinoma

An SOF-based regimen was administered to 72.5% of the patients, 40% of which
received ribavirin (26.1% sofosbuvir/ribavirin, 7.2% sofosbuvir/ledipasvir, 1.6% sofosbu-
vir/daclatasvir, 4.9% in sofosbuvir/simeprevir). All therapeutic schedules are included in
Table 2. All enrolled patients achieved an SVR at all timepoints according to the materials
and methods. During the follow-up, late HCC onset was observed in 20 patients, yielding
a cumulative incidence rate of 6.55%. The pattern of HCC occurrence was heterogeneous,
with 13 patients exhibiting a nodular profile and 3 developing infiltrative HCC, 4 of which
had macro-vascular invasion, including portal vein thrombosis. No patient showed extra-
hepatic metastases. All patients with HCC occurrence maintained an SVR without any viral
relapse. The median diameter of the lesions was 24 mm (range 15-37 mm). None of the
HCC patients were active alcohol consumers, and only 8.5% were smokers with an average
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of 10 cigarettes per day. According to BCLC classification, 13 patients were categorized
as stage A, 3 as stage B, and 4 as stage C. Among the enrolled patients, 90% received a
SOF-based treatment, and 60% of them were treated without ribavirin. Univariate analysis
identified CTP B stage (p = 0.001), comorbidity of diabetes (p = 0.007), presence of cirrhosis
(p = 0.002), and the liver stiffness value (p = 0.0001) as significantly associated with HCC
occurrence. Through multivariate analysis, liver stiffness, diabetes, BMI, and platelet levels
before antiviral therapy were identified as factors related to late HCC occurrence (Table 3).

1.0

0.8

o
o
1

Sensitivity

S
s
L

0.2

0.0 T T T T
0.0 0.2 04 0.6 0.8 1.0

1 - Specificity

Figure 1. ROC curve describing the discriminant power of the liver stiffness value (kPa) based
on the risk of developing late HCC in cirrhotic patients [ = 306, AUROC score = 0.646, 95% C.L.:
0.519-0.774]. The p value for the significance of liver stiffness based on the risk of HCC was 0.029
(Kruskal-Wallis test).

Table 2. Therapeutic schedules.

Treatment Regimen Number of Patients (%)
Sofosbuvir/Ribavirin 80 (26.1%)
Sofosbuvir/Ledipasvir 69 (22.5%)
Sofosbuvir/Daclatasvir 23 (7.5%)
Sofosbuvir/Simeprevir 50 (16.3%)
3D (Ombitasvir /Paritaprevir/Dasabuvir) 84 (27.5%)

Table 3. Baseline characteristics of cirrhotic patients according to late HCC development: univariate
and multivariate analysis (1 = 306).

Univariate Analysis Multivariate Analysis
Parameter Yes (n = 20) No (n = 286) P O.R. [95% C.1.] p

Age (yrs), median [IQR] 70 [68.2-75] 67 [59.5-72] 0.026

Sex, 1 (%) 0.050

M/F 15 (75)/5 (25) 150 (52.4) /136 (47.6)

BMI, median [IQR] 25 [23.2-26.7] 26.2 [24.7-28.4] 0.026  0.712[0.537-0.943] 0.018
Smoke, 1 (%) 2 (10) 0() 0.000

Potus, 1 (%) 2 (10) 0(-) 0.000
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Table 3. Cont.

Univariate Analysis Multivariate Analysis

Parameter Yes (n = 20) No (n = 286) p O.R.[95% C.I.] P
Diabetes, 1 (%) 9 (45) 50 (17.5) 0.003  0.180[0.045-0.713]  0.015
Metabolic syndrome, 1 (%) 3(15) 19 (6.6) 0.162
Liver stiffness (kPa), median [IQR] 26.5 [18-44.5] 20.4 [16-28.7] 0.028  1.070[1.020-1.122]  0.006
Duration of therapy (weeks), median [IQR] 12 [12-12] 12 [12-24] 0.007
Platelets, median [IQR]
T0 75,000 [48,000-109,500] 115,000 [80,000-166,000]  0.001  0.975[0.954-0.996]  0.019
SVR n.a. n.a. n.a.
Genotype, 1 (%) 0.095
1 15 (75) 228 (79.7)
2 3 (15) 47 (16.4)
3 1(5) 10 (3.5) 0.007 [0.000-0.417]  0.017
4 1(5) 1(0.3) 0.003 [0.000-0.280]  0.012
Number of lesions, 1 (%) 0.000
0 0() 286 (100)
1 15 (75) 0(-)
>2 5 (25) 0(-)
Portal invasion, n (%) 4(11.4) 0(-) 0.000
Bright liver, n (%) 1(5) 21 (16.8) 0.172
Child-Pugh Score TO, 1 (%) 0.000
A 15 (75) 274 (95.8)
B 5 (25) 12 (4.2)
Child-Pugh Score SVR12, 11 (%) 0.000
A 17 (85) 281 (98.3)
B 3(15) 5(1.7)
Therapy, n (%) 0.000
Sofosbuvir/Ribavirin 16 (80) 64 (22.4)
Sofosbuvir/Ledipasvir 0(-) 69 (24.1)
Sofosbuvir/Daclatasvir 1(5) 22(7.7)
Sofosbuvir/Simeprevir 1(5) 49 (17.1)
3D 2 (10) 82 (28.7)

Data are expressed ad either the number and percentage or median and interquartile range (IQR) BMI, body mass
index; SVR, sustained virological response has been observed at all timepoints 12-14-48 weeks.

5. Discussion

The pathogenesis and natural history of HCV are influenced by several factors, in-
cluding immune system activity in both regulatory and effector environments from the
early phase of infection [20,21]. Chronic infection leads to persistent immune system activ-
ity, creating a specific cytokine environment that results in liver necro-inflammation and,
over time, may lead to the onset of HCC [22,23], driven by continuous inflammation and
related fibrosis [24]. Patients who have achieved a sustained virological response (SVR)
following hepatitis C virus (HCV) treatment still face a persistent risk of hepatocellular
carcinoma (HCC), particularly those with advanced fibrosis or cirrhosis. Despite SVR being
the goal of therapy, studies indicate an annual HCC risk ranging between 1.8% and 2.5% in
these populations.

In interferon-based regimens, a significant reduction in HCC incidence, though not
its complete elimination in those with viral clearance, has been associated with factors,
such as the persistence of a cirrhotic architecture, advanced age, latent mutations of HCV,
comorbidities like diabetes, and the consumption of alcohol and tobacco [13,14,25,26]. The
recent approval of second-wave DAAs does not yet allow for a long-term assessment
of the impact of SVR on HCC incidence. This independent, spontaneous, real-life study
on a long-term follow-up aimed to verify the natural history of the disease after viral
clearance. Our findings indicate the potential occurrence of late HCC even after successful
viral clearance. Intriguingly, this association with neoplastic onset appears to be more
prominent among patients classified as CTP class A. This finding suggests that there could
be other factors beyond fibrosis that may play a significant role in HCC development in
this specific patient subset [27]. Notably, all HCC cases occurred in those treated with an
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SOF-based antiviral regimen, highlighting that achieving an SVR with DAAs does not
completely prevent the occurrence of late HCC. These findings raise questions, as the
carcinogenic effect of HCV proteins is traditionally associated with necroinflammation
in the presence of active viral replication, which deregulates host cell cycle checkpoints
and the virus and immune-mediated oxidative stress leading to DNA mutations in liver
cells [28-30]. Despite this scientific evidence, mechanisms related to late HCC occurrence
are still unclear, even considering possible pathogenetic models that could explain the
possible reason for the onset of late HCC in patients with SVR. Indeed, the reason why
those who underwent DAA schedules, including SOF, seem to be likely associated with
early and late HCC may be related to several factors. These include potential effects on
immunosurveillance mechanisms in patients with advanced fibrosis, such as the downreg-
ulation of interferon genes during DAA therapy and increased hepatocyte proliferation
in the absence of appropriate checkpoints. This mechanism could potentially promote
tumor development [21]. While antiviral agents, including SOF, have been instrumental in
eradicating HCV and reducing the risk of liver-related complications, like HCC, our find-
ings on late HCC occurrence suggest that there is still a need for further studies. Insights
from studies comparing DAA versus interferon-based regimens and untreated cohorts
indicate a reduced risk of HCC recurrence with DAA therapy, attributed to the effective
suppression of viral replication and subsequent inflammation [22]. Moreover, both viral
and host-related factors significantly influence HCC development following HCV RNA
eradication [22]. Recent studies have highlighted distinct roles for viral factors, such as
HCYV genotype-specific mutations, including the HCV-1B core amino acid 70 mutation,
which have been associated with an increased risk of HCC post-treatment. Concurrently,
host-related factors, such as alpha-fetoprotein levels, have been identified as predictors
of HCC occurrence after successful HCV treatment to an SVR [14,24]. These findings
underscore the complexity of HCC pathogenesis post-HCV cure, suggesting that variations
in HCV genotypes, subtypes, and genetic mutations may contribute to differing HCC
risks [24,31]. Moreover, these findings underscore the need for enhanced surveillance of
patients who achieve an SVR but exhibit high liver stiffness or metabolic risk factors, as
they remain at risk for late-onset HCC [32-34]. Therefore, implementing more frequent
imaging and metabolic assessments, alongside updating guidelines and educating patients,
is crucial for this subset of patients [32-34]. Further investigations into the molecular
mechanisms underlying these associations are warranted to enhance our understanding
and optimize surveillance strategies for patients achieving an SVR.

This prospective multicenter study on the long-term outcomes of HCV patients treated
with second-generation DAAs and achieving an SVR possesses several notable strengths.
The prospective design enhances the reliability of the data, allowing for a meticulous
follow-up and documentation of patients over a 48-month period. The inclusion of consec-
utive HCV patients treated according to established guidelines reflects real-world clinical
practices, enhancing the external validity of the findings. The comprehensive assessment,
including clinical, laboratory, and imaging data, provides a robust foundation for analyzing
the factors influencing late HCC occurrence post-SVR. While the study holds strengths,
certain limitations must be considered. The observational nature of the study introduces
potential biases, and the absence of a control group may limit the ability to establish causal
relationships. The exclusion of patients with active HCC at baseline may impact the gener-
alizability of the findings to the broader HCV population. The study’s focus on patients
achieving SVR may introduce selection bias, and the association between specific DAA
regimens and HCC needs further exploration. Moreover, the study’s predominantly Italian
population may limit the applicability of its findings to more diverse populations, where ge-
netic and environmental factors influencing hepatocellular carcinoma (HCC) development
post-SVR could vary. Ethnic diversity plays a crucial role in shaping genetic predisposi-
tions and environmental exposures relevant to HCC. The study’s limited representation of
diverse ethnic backgrounds restricts an extrapolation of the findings to populations with
differing genetic susceptibilities and environmental risks for HCC [35-37]. Despite efforts
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to account for potential confounders, the study may not comprehensively address all fac-
tors influencing HCC development post-SVR. Additionally, the relatively short follow-up
duration may not capture the entirety of long-term risks. Despite these limitations, this
prospective study provides valuable insights into the real-world implications of SVR on
HCC outcomes in HCV patients treated with second-generation DAAs.

6. Conclusions

HCC remains a fearsome complication of cirrhosis in HCV, necessitating surgical
therapies, including the possibility of liver transplantation, and the use of last-generation
drugs [30,31]. Our findings, in accordance with previous evidence, underscore that vi-
ral clearance induced by DAA regimens does not eliminate the risk of late HCC onset.
Therefore, a comprehensive long-term follow-up, incorporating clinical, laboratory, and
expert ultrasonography assessments, should be diligently conducted for these patients. The
development of new antivirals should consider potential late adverse events, emphasizing
the need for a holistic approach in drug development.

Author Contributions: Conceptualization, L.R. and A.P,; writing—original draft preparation, L.R.,
AP, AC., AM. (Adelaide Maddaloni) and C.S.; writing—review and editing, L.R. and A.P.; data
collection, P.B., I.d.S. and L.M.V,; supervision RM., R.G., ECS,, BR,, EEB., U.T, GE,M.B.,, AC,EV,
AM. (Andrea Mormone), C.S. and A.L. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors received no financial support for the research, authorship, and/or publication
of this article.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and later amendments and was approved by the local Ethics Committee (University of
Campania Luigi Vanvitelli, 22 December 2017 protocol number 674).

Informed Consent Statement: All patients signed written informed consent to participate in the study.

Data Availability Statement: The data that support the findings of this study are available on
reasonable request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

World Health Organization. Global Hepatitis Report. 2017. Available online: https:/ /www.who.int/publications/i/item/global-
hepatitis-report-2017. (accessed on 6 February 2024).

European Association for the Study of the Liver. EASL Governing Board representative:; Panel members:. EASL recommendations
on treatment of hepatitis C: Final update of the series™. J. Hepatol. 2020, 73, 1170-1218. [CrossRef] [PubMed]

Sulkowski, M.S.; Vargas, H.E.; Di Bisceglie, A.M.; Kuo, A.; Reddy, K.R.; Lim, J.K; Morelli, G.; Darling, ].M.; Feld, ].J.; Brown,
R.S,; et al. Effectiveness of Simeprevir Plus Sofosbuvir, With or Without Ribavirin, in Real-World Patients With HCV Genotype
1 Infection. Gastroenterology 2016, 150, 419-429. [CrossRef] [PubMed]

Ioannou, G.N.; Beste, L.A.; Chang, M.E; Green, PK.; Lowy, E.; Tsui, J.I.; Su, E; Berry, K. Effectiveness of Sofosbuvir, Ledi-
pasvir/Sofosbuvir, or Paritaprevir/Ritonavir/Ombitasvir and Dasabuvir Regimens for Treatment of Patients With Hepatitis C in
the Veterans Affairs National Health Care System. Gastroenterology 2016, 151, 457-471.e5. [CrossRef] [PubMed]

Kwo, P; Gane, E.J.; Peng, C.-Y.; Pearlman, B.; Vierling, ] M.; Serfaty, L.; Buti, M.; Shafran, S.; Stryszak, P; Lin, L.; et al. Effectiveness
of Elbasvir and Grazoprevir Combination, With or Without Ribavirin, for Treatment-Experienced Patients With Chronic Hepatitis
C Infection. Gastroenterology 2017, 152, 164-175.e4. [CrossRef] [PubMed]

Reig, M.; Marifio, Z.; Perell6, C.; Ifarrairaegui, M.; Ribeiro, A.; Lens, S.; Diaz, A.; Vilana, R.; Darnell, A.; Varela, M.; et al.
Unexpected High Rate of Early Tumor Recurrence in Patients With HCV-Related HCC Undergoing Interferon-Free Therapy.
J. Hepatol. 2016, 65, 719-726. [CrossRef]

Cardoso, H.; Vale, A.M.; Rodrigues, S.; Gongalves, R.; Albuquerque, A.; Pereira, P.; Lopes, S.; Silva, M.; Andrade, P.; Morais,
R.; et al. High Incidence of Hepatocellular Carcinoma Following Successful Interferon-Free Antiviral Therapy for Hepatitis C
Associated Cirrhosis. J. Hepatol. 2016, 65, 1070-1071. [CrossRef]

Rinaldi, L.; Perrella, A.; Guarino, M.; De Luca, M.; Piai, G.; Coppola, N.; Pafundi, P.C.; Ciardiello, F; Fasano, M.; Martinelli, E.;
et al. Incidence and Risk Factors of Early HCC Occurrence in HCV Patients Treated With Direct Acting Antivirals: A Prospective
Multicentre Study. J. Transl. Med. 2019, 17, 292. [CrossRef]


https://www.who.int/publications/i/item/global-hepatitis-report-2017.
https://www.who.int/publications/i/item/global-hepatitis-report-2017.
https://doi.org/10.1016/j.jhep.2020.08.018
https://www.ncbi.nlm.nih.gov/pubmed/32956768
https://doi.org/10.1053/j.gastro.2015.10.013
https://www.ncbi.nlm.nih.gov/pubmed/26497081
https://doi.org/10.1053/j.gastro.2016.05.049
https://www.ncbi.nlm.nih.gov/pubmed/27267053
https://doi.org/10.1053/j.gastro.2016.09.045
https://www.ncbi.nlm.nih.gov/pubmed/27720838
https://doi.org/10.1016/j.jhep.2016.04.008
https://doi.org/10.1016/j.jhep.2016.07.027
https://doi.org/10.1186/s12967-019-2033-x

J. Clin. Med. 2024, 13, 5474 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

El-Serag, H.B.; Kanwal, F;; Richardson, P.; Kramer, J. Risk of Hepatocellular Carcinoma After Sustained Virological Response in
Veterans With Hepatitis C Virus Infection. Hepatology 2016, 64, 130-137. [CrossRef]

Nahon, P,; Bourcier, V.; Layese, R.; Audureau, E.; Cagnot, C.; Marcellin, P.; Dharancy, S. Eradication of Hepatitis C Virus Infection
in Patients With Cirrhosis Reduces Risk of Liver and Non-Liver Complications. Gastroenterology 2017, 152, 142-156.e2. [CrossRef]
Alazawi, W.; Cunningham, M.; Dearden, J.; Foster, G.R. Systematic Review: Outcome of Compensated Cirrhosis Due to Chronic
Hepatitis C Infection. Aliment. Pharmacol. Ther. 2010, 32, 344-355. [CrossRef]

Fattovich, G.; Pantalena, M.; Zagni, I.; Realdi, G.; Schalm, S.W.; Christensen, E. Effect of Hepatitis B and C Virus Infections on the
Natural History of Compensated Cirrhosis: A Cohort Study of 297 Patients. Am. ]. Gastroenterol. 2002, 97, 2886-2895. [CrossRef]
[PubMed]

D’Ambrosio, R.; Della Corte, C.; Colombo, M. Hepatocellular Carcinoma in Patients With a Sustained Response to Anti-Hepatitis
C Therapy. Int. ]. Mol. Sci. 2015, 16, 19698-19712. [CrossRef] [PubMed]

Morgan, R.L.; Baack, B.; Smith, B.D.; Yartel, A.; Pitasi, M.; Falck-Ytter, Y. Eradication of Hepatitis C Virus Infection and the
Development of Hepatocellular Carcinoma: A Meta-Analysis of Observational Studies. Ann. Intern. Med. 2013, 158, 329-337.
[CrossRef] [PubMed]

Kanwal, F,; Khaderi, S.; Singal, A.G.; Marrero, ]J.A.; Loo, N.; Asrani, S.K.; Amos, C.L; Thrift, A.P,; Gu, X.; Luster, M.; et al. Risk
Factors for HCC in Contemporary Cohorts of Patients With Cirrhosis. Hepatology 2023, 77, 997-1005. [CrossRef] [PubMed]
Associazione Italiana per lo Studio del Fegato. Documento di Indirizzo dell’ Associazione Italiana per lo Studio del Fegato per
I'Uso Razionale di Antivirali Diretti di Seconda Generazione nelle Categorie di Pazienti Affetti da Epatite C Cronica Ammesse
alla Rimborsabilita in Italia. 2016. Available online: https://webaisf.org/pubblicazioni/documento-aisf-hcv-2016.aspx (accessed
on 22 December 2023).

Boursier, J.; Zarski, J.P.; de Ledinghen, V.; Rousselet, M.C.; Sturm, N.; Lebail, B.; de Muret, A. Determination of Reliability Criteria
for Liver Stiffness Evaluation by Transient Elastography. Hepatology 2013, 57, 1182-1191. [CrossRef]

European Association for the Study of the Liver; European Organisation for Research and Treatment of Cancer. EASL-EORTC
Clinical Practice Guidelines: Management of Hepatocellular Carcinoma. J. Hepatol. 2012, 56, 908-943. [CrossRef]

Forner, A.; Reig, M.E.; de Lope, C.R.; Bruix, J. Current Strategy for Staging and Treatment: The BCLC Update and Future
Prospects. Semin. Liver Dis. 2010, 30, 61-74. [CrossRef]

Buchanan, R.; Hydes, T.; Khakoo, S.I. Innate and Adaptive Genetic Pathways in HCV Infection. Tissue Antigens 2015, 85, 231-240.
[CrossRef]

Shi, J.; Li, Y.; Chang, W.; Zhang, X.; Wang, F.S. Current Progress in Host Innate and Adaptive Immunity Against Hepatitis C Virus
Infection. Hepatol. Int. 2017, 11, 374-383. [CrossRef]

Perrella, A.; Sbreglia, C.; Atripaldi, L.; Esposito, C.; D’Antonio, A.; Perrella, O. Rapid Virological Response in Peripheral Blood
Mononuclear Cells With an Increase of Hepatitis C Virus-Specific Interferon-Gamma Production Predisposes to Sustained
Virological Response in Patients With Chronic Hepatitis C Genotype 1 Undergoing Treatment With Pegylated-Interferon Alpha
2a Plus Ribavirin. Scand. J. Gastroenterol. 2010, 45, 250-255. [CrossRef]

van der Ree, M.H.; Stelma, F.; Willemse, S.B.; Brown, A.; Swadling, L.; van der Valk, M.; Sinnige, M.J.; van Nuenen, A.C.; de Vree,
J.M.L,; Klenerman, P; et al. Immune Responses in DAA Treated Chronic Hepatitis C Patients With and Without Prior RG-101
Dosing. Antivir. Res. 2017, 146, 139-145. [CrossRef] [PubMed]

Yue, M.; Deng, X.; Zhai, X.; Xu, K.; Kong, J.; Zhang, J.; Zhou, Z.; Yu, X.; Xu, X,; Liu, Y,; et al. Th1 and Th2 Cytokine Profiles
Induced by Hepatitis C Virus F Protein in Peripheral Blood Mononuclear Cells From Chronic Hepatitis C Patients. Immunol. Lett.
2013, 152, 89-95. [CrossRef] [PubMed]

Hou, XJ.; Ye, E; Li, X.Y;; Liu, W.T,; Jing, Y.Y.; Han, Z.P; Wei, L.X. Immune Response Involved in Liver Damage and the Activation
of Hepatic Progenitor Cells During Liver Tumorigenesis. Cell Immunol. 2018, 326, 52-59. [CrossRef] [PubMed]

Werner, ].M.; Adenugba, A.; Protzer, U. Immune Reconstitution After HCV Clearance With Direct Antiviral Agents: Potential
Consequences for Patients With HCC? Transplantation 2017, 101, 904-909. [CrossRef]

Pinyopornpanish, K.; Al-Yaman, W.; Dasarathy, S.; Romero-Marrero, C.; McCullough, A. Hepatocellular Carcinoma in Patients
Without Cirrhosis: The Fibrosis Stage Distribution, Characteristics and Survival. Dig. Dis. Sci. 2022, 67, 2677-2687. [CrossRef]
[PubMed] [PubMed Central]

Aroucha, D.; Carmo, R.D.; Moura, P; Silva, J.; Vasconcelos, L.; Cavalcanti, M.; Muniz, M.; Aroucha, M.; Siqueira, E.; Cahu, G,;
et al. High Tumor Necrosis Factor-«/Interleukin-10 Ratio Is Associated With Hepatocellular Carcinoma in Patients With Chronic
Hepatitis C. Cytokine 2013, 62, 421-425. [CrossRef]

Lemon, S.M.; McGivern, D.R. Is Hepatitis C Virus Carcinogenic? Gastroenterology 2012, 142, 1274-1278. [CrossRef]

Raimondi, S.; Bruno, S.; Mondelli, M.U.; Maisonneuve, P. Hepatitis C virus genotype 1b as a risk factor for hepatocellular
carcinoma development: A meta-analysis. J. Hepatol. 2009, 50, 1142-1154. [CrossRef]

Caturano, A.; D’angelo, M.; Mormone, A.; Russo, V.; Mollica, M.P,; Salvatore, T.; Galiero, R.; Rinaldi, L.; Vetrano, E.; Marfella, R.;
et al. Oxidative Stress in Type 2 Diabetes: Impacts From Pathogenesis to Lifestyle Modifications. Curr. Issues Mol. Biol. 2023, 45,
6651-6666. [CrossRef]

Sasso, F.C.; Pafundi, P.C.; Caturano, A.; Galiero, R.; Vetrano, E.; Nevola, R.; Petta, S.; Fracanzani, A.L.; Coppola, C.; Di Marco, V,;
et al. Impact of direct acting antivirals (DAAs) on cardiovascular events in HCV cohort with pre-diabetes. Nutr. Metab. Cardiovasc.
Dis. 2021, 31, 2345-2353. [CrossRef]


https://doi.org/10.1002/hep.28535
https://doi.org/10.1053/j.gastro.2016.09.009
https://doi.org/10.1111/j.1365-2036.2010.04370.x
https://doi.org/10.1111/j.1572-0241.2002.07057.x
https://www.ncbi.nlm.nih.gov/pubmed/12425564
https://doi.org/10.3390/ijms160819698
https://www.ncbi.nlm.nih.gov/pubmed/26295392
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
https://www.ncbi.nlm.nih.gov/pubmed/23460056
https://doi.org/10.1002/hep.32434
https://www.ncbi.nlm.nih.gov/pubmed/35229329
https://webaisf.org/pubblicazioni/documento-aisf-hcv-2016.aspx
https://doi.org/10.1002/hep.25993
https://doi.org/10.1016/j.jhep.2011.12.001
https://doi.org/10.1055/s-0030-1247133
https://doi.org/10.1111/tan.12540
https://doi.org/10.1007/s12072-017-9805-2
https://doi.org/10.3109/00365520903428614
https://doi.org/10.1016/j.antiviral.2017.08.016
https://www.ncbi.nlm.nih.gov/pubmed/28844749
https://doi.org/10.1016/j.imlet.2013.05.002
https://www.ncbi.nlm.nih.gov/pubmed/23680070
https://doi.org/10.1016/j.cellimm.2017.08.004
https://www.ncbi.nlm.nih.gov/pubmed/28860007
https://doi.org/10.1097/TP.0000000000001606
https://doi.org/10.1007/s10620-021-07048-5
https://www.ncbi.nlm.nih.gov/pubmed/34027591
https://www.ncbi.nlm.nih.gov/pmc/PMC9087017
https://doi.org/10.1016/j.cyto.2013.03.024
https://doi.org/10.1053/j.gastro.2012.01.045
https://doi.org/10.1016/j.jhep.2009.01.019
https://doi.org/10.3390/cimb45080420
https://doi.org/10.1016/j.numecd.2021.04.016

J. Clin. Med. 2024, 13, 5474 11 0f 11

33.

34.

35.

36.

37.

Singal, A.G.; Lampertico, P.; Nahon, P. Epidemiology and surveillance for hepatocellular carcinoma: New trends. . Hepatol. 2020,
72,250-261. [CrossRef] [PubMed]

Singal, A.G.; Kanwal, F; Llovet, ].M. Global trends in hepatocellular carcinoma epidemiology: Implications for screening,
prevention and therapy. Nat. Rev. Clin. Oncol. 2023, 20, 864-884. [CrossRef] [PubMed]

Rinaldi, L.; Di Francia, R.; Coppola, N.; Guerrera, B.; Imparato, M.; Monari, C.; Nevola, R.; Rosato, V.; Fontanella, L.; Franci,
G.; et al. Hepatocellular Carcinoma in HCV Cirrhosis After Viral Clearance With Direct Acting Antiviral Therapy: Preliminary
Evidence and Possible Meanings. WCR] 2016, 3, e748.

Valente, G.; Rinaldi, L.; Sgambato, M.; Piai, G. Conversion From Twice-Daily to Once-Daily Tacrolimus in Stable Liver Transplant
Patients: Effectiveness in a Real-World Setting. Transplant. Proc. 2013, 45, 1273-1275. [CrossRef]

Caturano, A.; Galiero, R.; Vetrano, E.; Giorgione, C.; Mormone, A.; Rinaldi, M.; Marfella, R.; Sasso, F.C.; Rinaldi, L. Current
Hepatocellular Carcinoma Systemic Pharmacological Treatment Options. WCR] 2023, 10, e2570.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jhep.2019.08.025
https://www.ncbi.nlm.nih.gov/pubmed/31954490
https://doi.org/10.1038/s41571-023-00825-3
https://www.ncbi.nlm.nih.gov/pubmed/37884736
https://doi.org/10.1016/j.transproceed.2013.02.021

	Introduction 
	Methods 
	Study Design and Patient Population 
	Antiviral Treatment 
	Patients Follow-Up 
	Liver Stiffness Evaluation 
	Endpoints of the Study 

	Statistical Analysis 
	Results 
	Discussion 
	Conclusions 
	References

