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Abstract: The treatment of hepatitis C virus (HCV) with direct-acting antivirals (DAA) leads to high
sustained virological response (SVR) rates, but hepatocellular carcinoma (HCC) risk persists in people
with advanced liver disease even after SVR. We weighted the HCC risk in people with cirrhosis
achieving HCV eradication through DAA treatment and compared it with untreated participants in
the multicenter prospective Italian Platform for the Study of Viral Hepatitis Therapies (PITER) cohort.
Propensity matching with inverse probability weighting was used to compare DA A-treated and
untreated HCV-infected participants with liver cirrhosis. Kaplan-Meier analysis and competing risk
regression analysis were performed. Within the first 36 months, 30 de novo HCC cases occurred in the
untreated group (n = 307), with a weighted incidence rate of 0.34% (95%CI: 0.23-0.52%), compared to
63 cases among SVR patients (1 = 1111), with an incidence rate of 0.20% (95%CI: 0.16-0.26%). The 12-,
24-, and 36-month HCC weighted cumulative incidence rates were 6.7%, 8.4%, and 10.0% in untreated
cases and 2.3%, 4.5%, and 7.0% in the SVR group. Considering death or liver transplantation as
competing events, the untreated group showed a 64% higher risk of HCC incidence compared
to SVR patients (SubHR 1.64, 95%CI: 1.02-2.62). Other variables independently associated with
the HCC occurrence were male sex, increasing age, current alcohol use, HCV genotype 3, platelet
count < 120,000/ uL, and albumin < 3.5 g/dL. In real-life practice, the high efficacy of DAA in
achieving SVR is translated into high effectiveness in reducing the HCC incidence risk.

Keywords: hepatocellular carcinoma; hepatitis C virus; direct-acting antiviral; sustained virological
response; real-life cohort

1. Introduction

Chronic hepatitis C virus (HCV) infection is a global public health challenge as it
is a primary cause of liver disease-related morbidity and mortality. Worldwide, around
50 million people live with HCV, with about 1.0 million new infections annually [1]. WHO
estimated that in 2022, around 242,000 people died from hepatitis C, primarily due to
cirrhosis and hepatocellular carcinoma (HCC) [2]. The achievement of sustained virologic
response (SVR), characterized by undetectably low HCV RNA levels, has been associated
with a reduction in liver-related complications, an improvement in health-related quality
of life, and a reduced need for liver transplantation in individuals with chronic hepatitis
C [3]. Direct-acting antivirals (DAA) represent a class of drugs specifically designed to
inhibit viral replication by targeting key viral proteins involved in the viral life cycle [4].
DAA drastically changed the treatment efficacy of chronic HCV-related disease, reaching a
high sustained virological response (SVR) rate of over 98% [5,6]. These treatments not only
improve liver fibrosis and function but also reduce portal hypertension in most cases [7-10],
have an excellent safety profile, and are generally well tolerated [5,6]. Real-life data have
demonstrated similar or even higher rates of DAA efficacy to induce HCV clearance and
the improvement of liver-related disease [10,11]. However, efficacy is not the same as
effectiveness, and the risk of complications in cases with advanced liver disease was not
avoided. Several observational studies conducted by different research groups, based on
medium- and long-term prospective evaluations [12,13], have suggested that DA A-induced
SVR is associated with a reduced risk of HCC incidence, even if people with moderate or
severe stages of liver disease remain at risk for HCC and must continue surveillance after
viral eradication [10,14-20].

Earlier reports indicated an unexpectedly high rate of HCC occurrence in HCV-positive
individuals who achieved SVR following DAA therapy [21,22]. In these studies, the authors
hypothesized that the rapid HCV reduction could potentially weaken the immune surveil-
lance system for tumors, leading to HCC development. However, it must be considered
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that HCC occurrence after DAA therapy may be linked to treating patients at intrinsically
higher cancer risk, unlike IFN treatment, which was attempted only in patients with well-
compensated cirrhosis, often without clinically significant portal hypertension, and with
lower HCC risk. Indeed, prospective studies comparing lower HCC incidences in IFN-
vs. DAA-treated participants largely hinge on differences in group populations, as DAA
allows treatment in individuals with more advanced liver diseases and/or comorbidities
who were previously contraindicated to IFN-based therapy.

Given the ethical and practical constraints of conducting a DAA versus placebo trial,
the incidence rate of HCC in DAA-treated participants over time post-HCV eradication in
various cohorts, alongside the reduction in HCV mortality rates following DAA use, serve
as indirect evidence supporting the decreasing risk of HCC after viral eradication trough
DAA treatment [23,24].

In our previous study, conducted in the Italian Platform for the Study of Viral Hep-
atitis Therapies (PITER) cohort, we identified older age, genotype HCV-3, the presence of
diabetes, and pre-treatment low platelet count and albumin level as factors independently
associated with HCC occurrence after SVR, with the best predictability given by the associ-
ation of platelet count and albumin level, analyzed prospectively at long-term follow-up
(FU) after SVR [14]. In the present study, we took advantage of the data prospectively
collected in the PITER cohort to evaluate the real-life effectiveness of DAA in reducing
the risk of HCC development through a propensity-matched analysis of DA A-treated and
untreated HCV-infected participants with liver cirrhosis over a three-year follow-up period.

2. Methods
2.1. Study Population

The study population included participants with chronic HCV infection who were
consecutively enrolled in the ongoing, prospective PITER cohort from 60 tertiary centers in
liver and infectious diseases across university or general hospitals throughout Italy. For
each participant, demographic, clinical, and laboratory data were recorded in a dedicated
electronic Case Report Form during the participant’s enrolment visit and throughout the FU
period, in accordance with the real-life practice of each clinical center. The time of baseline
data collection was the enrolment visit for the untreated participants and the pre-treatment
visit for the treated group. Data quality was ensured through periodic remote monitoring,
which included the resolution of specific queries. For the purpose of this study, the database
was frozen as of April 2023.

2.2. Inclusion and Exclusion Criteria

We assessed participants enrolled in the PITER cohort between June 2014 and April
2023 who had a confirmed diagnosis of liver cirrhosis and were either treated with DAA
therapy or left untreated, for inclusion in this study. The control group comprised par-
ticipants who were enrolled but not treated with DAAs during the initial three years of
DAA availability, despite their progressive liver disease and was utilized to assess the risk
of HCC. All untreated participants included in the analysis did not receive DAA therapy
during the 36-month follow-up period. Liver cirrhosis was defined by either liver biopsy
(Metavir > 4 or Ishak score > 6) or Transient Elastography (liver stiffness measurement
[LSM] > 12.5 kPa) [25] or biochemical and/or imaging indicative of clinically significant
portal hypertension (i.e., presence of esophageal and/or gastric varices and/or platelet
count < 150,000/ uL. with splenomegaly). People classified as Child-Pugh-Turcotte (CPT)
class A or B with compensated liver disease or those with a history of decompensation
but showing a stable clinical condition with compensation within the preceding 12-month
period were included. Exclusion criteria comprised participants with a prior diagnosis
of HCC or pre-enrolment unclassified nodular lesions, individuals who had undergone
liver transplantation (LT) or were on an LT waiting list, as well as those with HIV or HBV
coinfection. Additionally, people who were treated but did not achieve an SVR were also
excluded from the analysis.
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2.3. Hepatocellular Carcinoma Occurrence

HCC surveillance was performed on all participants by ultrasound examination every
six months. In addition, HCC was diagnosed by needle biopsy or by non-invasive criteria
according to international guidelines [26]. For untreated participants, incident cases of
HCC diagnosed for the first time after the enrolment date were identified. In the SVR
group, HCC cases occurring after the end of treatment (EOT) were considered to be de
novo HCC.

2.4. Statistical Analysis

To address the imbalance between the untreated and the SVR groups, a propensity
score (PS) was calculated using a probit regression model including the following covariates:
age (years), bilirubin (mg/dL), platelets count (cells/puL), albumin level (g/dL), INR, creati-
nine (mg/dL), male sex, BMI, alcohol use, previous decompensation, and genotype HCV-3.

The standardized mean difference (Std-Diff) was calculated to ensure the balance
after weighting. Inverse probability weighting (IPW) was applied to weight comparisons.
The Std-Diff calculations in unweighted and weighted samples ensured a balance of
baseline covariates between the two groups, with a Std-Diff < 0.1 considered indicative of
reliable balancing.

The EOT was considered as the starting time point for SVR participants, while the en-
rollment date was used for untreated participants. A Fine-Gray competing-risks regression
model was utilized to evaluate the effect of demographic data and clinical variables on the
risk of HCC occurrence, considering death or LT as competing events (i.e., events that could
prevent the event of interest). Both univariable and multivariable analyses were conducted.
In the multivariable analysis, a forward stepwise selection method was used to obtain
robust results. Results were expressed as a sub-hazard ratio (subHR) with a corresponding
95% confidence interval (95%CI).

For all analyses, a p < 0.05 was considered statistically significant. All statistical
analyses were performed using STATA version 16.1 (Stata Corp., College Station, TX, USA).

3. Results
3.1. Comparison of HCC Incidence rate between Untreated and SVR Participants

Data from 307 untreated participants and 1111 DAA-treated participants who achieved
the SVR were included. As shown in Table 1, all the variables analyzed were well balanced
between the two groups after applying inverse probability weighting (IPW) (Weighted
Std-Diff < 0.1). Thanks to the propensity score, the untreated and DA A-treated groups
were match-balanced in terms of liver disease severity (CPT class A: 88.8% vs. 87.1%; CTP
class B: 11.2% vs. 12.9%, respectively).

Table 1. Descriptive values of variables included in the propensity model calculation.

SVR (n =1111) Untreated (1 = 307)
Men D Men s Unied el
Age (years) 63.7 11.73 67.16 10.28 —0.41 0.07
Bilirubin (mg/dL) 1.02 0.67 1.33 1.84 —0.23 —0.01
Platelet count (uL) 126,114.5 61,318.84 118,215.66 71,624.02 0.19 —0.05
Albumin level (g/dL) 3.88 0.52 3.77 0.6 0.24 —0.04
INR 1.1 0.23 1.18 0.37 —0.27 0.01
Creatinine (mg/dL) 0.81 0.21 0.94 0.74 —-0.24 —0.04
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Table 1. Cont.
SVR (n =1111) Untreated (1 = 307)
o o Unweighted Weighted
N o N " Std-Diff Std-Diff
Sex male 581 52.0 154 50.0 0.04 —0.02
BMI: Underweight 11 1.0 3 1.0 0.001 0.03
Normal weight 453 40.8 148 48.2 —0.15 —0.02
Overweight 473 42,6 114 37.1 0.11 0.04
Obese 174 15.7 42 13.7 0.06 —0.03
Alcohol use: Never 797 71.7 193 62.9 0.19 —0.03
Current 99 8.9 39 12.7 —0.12 0.0003
Past 215 19.3 75 24.4 -0.12 0.03
HCV-genotype 3 71 6.4 20 6.5 —0.01 —0.003
Previous decompensation 113 10.2 67 21.8 —0.32 0.01

All the analyzed variables were well matched between the two groups after inverse probability weighting (IPW)
(Weighted Std-Diff < 0.1). Body mass index (BMI) was categorized as underweight (<18.5), normal (>18.5 and
<25.0 kg/m?), overweight (>25.0 and <30.0 kg/m?) and obese (>30.0 kg/m?). SVR: sustained virological response;
Std-Diff: standardized mean difference; INR: international normalized ratio; HCV: hepatitis C virus.

In the first 36 months (starting from the EOT for the SVR participants and from the
enrollment date for untreated cases), there were 30 de novo HCC diagnoses in the untreated
group, with a weighted incidence rate of 0.34% (95%CI: 0.23-0.52%), and 63 in the SVR
group, with a weighted incidence rate of 0.20% (95%CI: 0.16-0.26%). The overall HCC
incidence rate is reported in Figure 1. The weighted cumulative incidence rates at 12, 24,
and 36 months were 6.7%, 8.4%, and 10.0% respectively, in the untreated group, and 2.3%,
4.5%, and 7.0%, respectively, in the SVR group.

Kaplan-Meier failure estimates

0.15 4
Untreated
0.10
0.05 SVR
0.00
T T T T
0 12 24 36
Number at risk Months
Untreated 307 278.4 186.4 127.5
SVR 1111 1084 8424 597.2
Weighted cumulative IR
Untreated 6.7% 8.4% 10.0%
SVR 2.3% 4.5% 7.0%

Figure 1. Kaplan—-Meier failure estimates in untreated and SVR groups.

3.2. Impact of Effective DAA Therapy on the Risk of HCC Incidence

Considering death or liver transplantation as competing events, untreated participants
showed a 64% higher risk of developing HCC compared to SVR participants (SubHR 1.64,
95%CI 1.02-2.62) (Table 2). Thanks to the propensity score, the treatment considered in the
univariable model accounts for possible confounding factors. A multivariable model was
applied to underline the effect of other variables adjusted for the treatment. After adjusting



Viruses 2024, 16, 0

60of 11

for the confounding effect of each variable identified through stepwise forward selection,
other variables independently associated with the HCC occurrence were male sex (SubHR
1.94, 95%ClI: 1.23-3.06), increasing age (SubHR 1.03, 95%CI: 1.01-1.05), current alcohol use
(SubHR 2.3, 95%CI: 1.18-4.49), genotype HCV-3 (SubHR 2.27, 95%CI: 1.09-4.70), platelet
count < 120,000/ uL (SubHR 1.71, 95%Cl: 1.07-2.73) and albumin level < 3.5 g/dL (SubHR
1.95, 95%CI: 1.23-3.09) (Table 2).

Table 2. Univariable and multivariable competing risk model results, outcome HCC.

Univariable Analysis Multivariable Analysis

Variable SubHR 95% CI p-Level SubHR 95% CI p-Level
Untreated (ref. SVR) 1.64 1.02-2.62 0.042 1.56 0.97-2.54 0.067
Male sex (ref. female) 1.72 1.11-2.66 0.014 1.94 1.23-3.06 0.004
Age (increasing years) 1.03 1.01-1.05 0.002 1.05 1.02-1.07 <0.001
BMI overweight,/obese 0.92 0.60-1.41 0714  notin the final

model
(ref. under-normal weight)
Alcohol use Current 2.02 1.09-3.74 0.026 2.30 1.18-4.49 0.015
(ref. never) Past 1.25 0.74-2.11 0.398 1.07 0.62-1.83 0.804
Genotype HCV-3 (ref. others) 1.74 0.89-3.40 0.104 2.27 1.09-4.70 0.028
IFN-experienced (ref. naive) 1.17 0.77-1.79 0.462 not n the final

model
Platelet count
(ref. > 120,000/ uL) 1.98 1.25-3.14 0.004 1.71 1.07-2.73 0.024
LSM (ref. < 20 kPa) 1.29 0.75-2.22 0350  notin the final

model
Past decompensation (ref. no) 1.76 1.01-3.05 0.045 not n the final

model
Diabetes (ref. no) 1.30 0.82-2.07 0269  notin the final

model
Albumin level 2.34 1.50-3.65 <0.001 1.95 1.23-3.09 0.004

(ref. >3.5g/dL)

Body mass index (BMI) was categorized as underweight (<18.5), normal (>18.5 and <25.0 kg/m?), overweight
(>25.0 and <30.0 kg/ m?) and obese (>30.0 kg/ m?2). SubHR: sub-hazard ratio; CI: confidence interval; SVR:
sustained virological response; HCV: hepatitis C virus; LSM: liver stiffness measurement. Bold numbers indicated
statistically significant values.

4. Discussion

The data from this study, based on a prospectively evaluated propensity-matched
analysis of a multicenter nationwide real-life clinical practice of 60 centers distributed
throughout Italy, clearly demonstrate that HCV clearance significantly reduces the risk of
HCC incidence compared to untreated HCV-positive individuals. Before DAA use in 2014,
Italy had the highest burden of HCV liver-related complications and deaths [27]. These data
were also confirmed by the greater number of HCV-positive individuals treated with DAA
in the 2015-2016 period in Europe, with a priority initially given to HCV-positive people
with liver cirrhosis [28], with an overall SVR rate in real-life practice of over 96% [29], which
is similar to the rates reported by clinical trials [5,6].

In our previous paper, we evaluated the HCC risk profile based on predictors mon-
itored after HCV eradication by DAA in people with cirrhosis. We showed that the best
predictor of HCC incidence after SVR was given by the association of two easy and accurate
markers, undoubtedly associated with portal hypertension and liver function: platelet
count and albumin level, analyzed prospectively at long-term FU after SVR [14]. In the
present study, we focused on the risk of HCC development in participants with cirrhosis
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that eradicated HCV infection by DAA treatment compared to a group of untreated par-
ticipants. The PITER cohort of consecutively enrolled individuals in care but not under
treatment at the time of enrollment offers a database of prospectively collected cases with
chronic hepatitis C and enables the comparison between treated and untreated participants
during a 36-month FU for the estimation of HCC risk. Thus, the PITER cohort provides
a unique opportunity to include a matched control group of untreated participants with
HCV-related cirrhosis, since not all cases included at the beginning of the DAA era could
be treated immediately after enrolment due to the limited availability of DAA during the
2014-2016 period in Italy.

In this analysis, we observed weighted cumulative incidence rates of HCC after 12,
24, and 36 months of 2.3%, 4.5%, and 7.0% in the DA A-treated participants who achieved
SVR and 6.7%, 8.4%, and 10.0% in untreated cases. These data were very similar to those
obtained from the prospective cohort of the HCV Sicily network (RESIST-HCV), which
showed an HCC incidence of 2.1% and 7.8% in people with CPT class A and B, respectively,
among SVR, but in 6.6% and 12.4% in the non-SVR group, respectively [19].

Consistent with this observation, several studies have shown that the risk for HCC
incidence is significantly higher among people who did not achieve SVR compared with
those who did [15,16]. Moreover, a protective role of SVR after DAA has been reported,
compared to that obtained with IFN [12,13]. These observations also confirm the avoidance
of de novo HCC onset after DAA, particularly in the CPT class A and SVR group of partici-
pants. However, although HCV eradication has promoted the reduction of HCC cases, its
occurrence has not been eliminated, especially in people with severe liver fibrosis, high-
lighting the importance of initiating DAA treatment before the development of advanced
cirrhosis [30,31]. Indeed, the evidence of older age, genotype 3, the presence of diabetes,
low albumin level and platelet count, and relapse of viremia after DAA therapy remain
important parameters independently associated with higher HCC incidence risk [14,19].

The greater number of HCC cases rose after DAA therapy in people with liver cirrhosis,
which is related to the more advanced stage of liver disease and is a known risk factor,
and this fact may explain the lower rates of HCC after IFN treatment, which was typically
only administered to people with chronic hepatitis or well-compensated cirrhosis, mostly
without clinically significant portal hypertension and thus with a lower HCC risk [13,32].

The treated population has changed significantly in the era of DAA and now includes
many patients with other risk factors of HCC. Due to universal access to treatment regard-
less of liver disease stage, in addition to the clinical variables reflecting disease severity,
it would be interesting to prospectively evaluate the role of social determinants of health
as risk factors for the development and different clinical outcomes of HCC [33]. Further
analysis focusing on this topic in the DA A-treated cohort is ongoing.

Original observations reported in our study include the comparative evaluation of
HCC risk after a balanced match between DAA-treated and untreated participants by
propensity analysis according to demographic and virological data (age, sex, genotype
HCV-3), as well as clinical variables serving as surrogate markers of liver function (bilirubin,
platelet count, albumin, INR, creatinine and a history of previous decompensation), which
are used in order to evaluate the effect of viral eradication and liver disease stage on the risk
of HCC occurrence. The results of this comparative analysis revealed that viral elimination
through DAA was associated with a 64% reduction in the risk of HCC development
compared to untreated controls. Additionally, considering death or liver transplantation as
competing events, factors independently associated with HCC incidence included male
seX, increasing age, current alcohol use, genotype HCV-3, platelet count < 120,000/ uL, and
albumin level < 3.5 g/dL.

These findings, comparing participants successfully treated with DAA or untreated
participants over nearly three years of follow-up, strongly suggest the important role of
achieving SVR through DAA therapy in reducing the risk of HCC in people with advanced
liver disease and cirrhosis. However, the HCC risk is still considerable after SVR among



Viruses 2024, 16, 0

8of 11

individuals with cirrhosis, emphasizing the importance of closely monitoring the high-risk
group of people with cirrhosis.

Strength and Limitations

The major strengths of our study are the large cohort of participants, the consecutive
enrolment, and the complete clinical characterization with specific essential real-life data
obtained in the tertiary liver unit.

The diffusion of DAA in Italy from the end of 2014 to 2016 was prioritized for people
with F3 and F4 liver cirrhosis, with the majority represented by IFN-experienced cases
and/or advanced liver disease. However, the magnitude of this class of people exceeded
the offer of therapy in Italy, since not all people with F4 fibrosis stage could be treated
at the start of DAA marketing in all clinical centers distributed in Italy. Thus, a group
of participants enrolled in the PITER platform did not receive the DAA therapy during
the first period of DAA distribution, despite their progressive liver disease. This allowed
us to prospectively compare treated vs. untreated participants in the first three years of
DAA administration. The untreated group was prospectively followed based on the same
criteria used for the DA A-treated group and was match-balanced with the approach of
inverse probability weighting. Therefore, we argue that our strategy minimizes bias due to
different demographics and/or the severity of liver disease between the groups.

However, in this study, we included only those individuals who achieved the SVR.
We could not analyze the data of people who did not achieve HCV eradication since most
of these individuals underwent a new antiviral treatment shortly after failing the first one.
Additionally, due to the DA A response rate surpassing 96% after a second treatment course,
it was not feasible to compare SVR-positive and SVR-negative participants. Moreover, even
if the PITER cohort includes participants with a medium- to long-term FU period of up to
8.4 years, the comparison between DA A-treated and untreated participants is limited to a
maximum FU period of 3 years. After this period, the number of untreated participants
decreases significantly, making a comparative analysis unfeasible.

5. Conclusions

In conclusion, using the consecutive and multicenter enrolment of the PITER cohort,
this study demonstrates the significant reduction of HCC incidence risk in people success-
fully treated with DAA with cirrhosis compared to untreated individuals over nearly three
years of follow-up. These findings reinforced the importance of curing HCV in all people,
particularly in individuals with advanced chronic liver disease in whom a virologic cure
will reduce but not eliminate the HCC risk.
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