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Abstract: Purpose: To assess whether HCC (LR-5) occurrence may be associated with the presence of
Liver Imaging Reporting and Data System (LI-RADS) indeterminate observations in patients with
hepatitis C virus infection treated with direct acting antiviral (DAA) therapy. Materials and methods:
This retrospective study included patients with HCV-related cirrhosis who achieved sustained
virologic response (SVR) after DAA therapy between 2015 and 2019 and submitted to CT/MRI follow-
ups with a minimum interval time of six months before and after DAA. Two blinded readers reviewed
CT/MRI to categorize observations according to LI-RADS version 2018. Differences in rate of LI-
RADS 5 observations (i.e., LR-5) before and after SVR were assessed. Time to LR-5 occurrence and risk
factors for HCC after DAAs were evaluated by using Kaplan-Meier method and Cox proportional
hazard model, respectively. Results: Our final study population comprised 115 patients (median
age 72 years) with a median CT/MRI follow-up of 47 months (IQR 26-77 months). Twenty-nine
(25.2%) patients were diagnosed with LR-5 after DAA. The incidence of LR-5 after DAAs was 10.4%
(12/115) at one year and 17.4% (20/115) at two years. LR-5 occurrence after DAA was significantly
higher in patients with Child Pugh class B (log-rank p = 0.048) and with LR-3 or LR-4 observations
(log-rank p = 0.024). At multivariate analysis, Child-Pugh class B (hazard ratio 2.62, p = 0.023) and
presence of LR-3 or LR-4 observations (hazard ratio 2.40, p = 0.048) were independent risk factors
for LR-5 occurrence after DAA therapy. Conclusions: The presence of LR-3 and LR-4 observations
significantly increases HCC risk following the eradication of HCV infection.

Keywords: hepatocellular carcinoma; sustained virologic response; chronic hepatitis C; liver cirrhosis;

magnetic resonance imaging

1. Introduction

The incidence of hepatocellular carcinoma (HCC) in at-risk population keeps grow-
ing [1] with prognosis depending on tumor stage at diagnosis [2]. In patients with hepatitis
C virus (HCV) chronic infection, treatment for hepatitis C came in the early 1980s and
has improved over the years with current direct acting antiviral (DAA) therapy achieving
viral clearance and then sustained virological response (SVR) rates above 90%, with a
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good safety profile, and reducing the risk of complications, including hepatic decompen-
sation, bleeding and encephalopathy [3-8]. DAA therapy, however, does not eliminate
the risk of HCC in presence of cirrhosis [6,9-11]. Initial studies reported an unexpected
increase of HCC incidence following the eradication of HCV infection with DAAs [5,12,13].
This concern was then rebutted by other studies [6-8] and by an individual patient-data
meta-analysis [14] that showed either a stable or a decreased overall HCC incidence after
DAAs. These controversial data triggered an interesting debate on the residual risk of HCC
following the eradication of HCV infection and until now lifelong HCC surveillance is
recommended after DAA therapy [11].

CT and MRI diagnosis of HCC are based on several International guidelines and
guidance documents [11,15-18]. Among these, Liver Imaging Reporting and Data System
(LI-RADS) [17], which has been integrated into the American Association for the Study
of Liver Diseases (AASLD) practice guidance [11], and EASL guidelines [15] are the most
used in the Western countries, with the former having a higher sensitivity with similar
specificity for HCC diagnosis and allowing for stratification of indeterminate nodules into
different risk categories of being HCC [19]. Prior studies analyzing the risk of HCC after
DAAs adopted only EASL guidelines for HCC diagnosis, thus potentially skewing the
rates of HCC and not considering the role of indeterminate observations that do not meet
the imaging criteria for the diagnosis of HCC [5-8,12,13]. In addition, these studies were
unable to identify patients at greater risk for HCC occurrence after SVR. To our knowledge,
the rate of HCC before and after SVR by using LI-RADS and the weight of observations at
intermediate (LR-3) and high probability for HCC (LR-4) on HCC risk remain unknown.
We postulate that the presence of LR-3 and LR-4-i.e., observations with a baseline HCC risk
of 33-38%, 64-87% of being HCC, and a risk of 6-15%, 46-48% of progression into HCC,
respectively [11,20]-can potentially identify patients at greater risk for HCC occurrence
after SVR.

The objective of this study was to assess whether HCC (LR-5) occurrence may be
associated with the presence of LI-RADS indeterminate in HCV patients treated with DAA
therapy.

2. Materials and Methods

This retrospective single-center study was approved by the local Ethical Committee,
and a waiver of informed consent was obtained. This Institution is a referral academic
center for chronic liver diseases. The authors had control of the data and the information
submitted for publication. There was no industry support for this study.

2.1. Study Cohort

Figure 1 portrays the subjects” accrual flowchart following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) initiative [21]. We retro-
spectively searched the departmental electronic database at our tertiary academic insti-
tution for consecutive HCV patients treated with DAA therapy who achieved SVR from
1 January 2015 to 30 April 2019 and who underwent contrast-enhanced CT/MRI liver ex-
ams (n = 434). SVR was defined as absence of detectable HCV RNA 12 weeks after the
completion of treatment [22]. At our Institution, screening and surveillance of patients at
risk of HCC are performed based on EASL guidelines and ACR recommendations [15,17].

Patients were considered ineligible for this study in the following cases: (a) lack of
multiple contrast-enhanced CT/MRI performed with at least six months follow-up before
and after DAA (n = 299); (b) incomplete clinical data at the time of DAA therapy (n = 17);
(c) patients with observations consistent with probably or definitively malignant but not
HCC specific (LR-M) or tumor in vein (LR-TIV) observations based on the retrospective
assessment of CT/MRI exams (1 = 3). Indeed, if patients treated with antiviral therapy
develop more aggressive forms of HCC, these may appear as LR-M or LR-TIV; these
particularly aggressive forms as well as eventual not-HCC malignancy or venous infiltration
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Any LR-5 (pre or post DAA)

median age [IQR], 76 years [68-79]

from malignancy other than HCC may introduce a bias in the analysis of our research
question.

Target population

HCV patients treated with DAA therapy who achieved SVR from January
1, 2015 to April 30, 2019 and who underwent contrast-enhanced
CT/MRI liver exams

Excluded patients

- lack of multiple contrast-enhanced CT/MRI performed with
at least six months follow-up before and after DAA (n = 299)
- incomplete clinical data at the time of DAA therapy (n = 17)
- patients with observations consistent with definitively
malignant but not HCC specific (LR-M) or tumor in vein (LR-
TIV) observations based on the retrospective assessment of
CT/MRI exams (n = 3)

Final study population

HCV patient with DAA therapy who achieved SVR and
who underwent CT/MRI liver exams
median age [IQR], 72 years [59-78];

68 men, 47 women

No LR-5 (pre or post DAA)

median age [IQR], 68 years [55-73]
23 men 24 women

45 men 23 women

Figure 1. Flowchart of the study populations following the Strengthening the Reporting of Observa-
tional Studies in Epidemiology initiative.

2.2. Clinical Data

Using the electronic data repository systems we collected patient-related variables,
including the patient’s gender, age, body mass index (BMI), diabetes or hypertension,
laboratory markers (i.e., alanine transaminase, aspartate transaminase, hemoglobin, In-
ternational Normalized Ratio, creatinine, bilirubin, platelet count), clinical stratification
scores including FIB-4 score [23], Child-Pugh [24,25] and Model for End-Stage Liver Dis-
ease (MELD) scores [26], HCV genotype, transient elastography and date of start of DAA
therapy.

2.3. CT/MRI Technique

Dynamic contrast-enhanced liver CT and MRI exams were performed with a 128-detector
row scanner (Somatom Definition AS, Siemens Healthineers, Forchheim, Germany) and two
clinical 1.5-T MRI systems (Signa Excite, General Electric, Milwaukee, WI, USA; Achieva,
Philips, Amsterdam, The, Netherlands), respectively. The choice of CT vs MRI as well as the
use of extracellular or hepatobiliary contrast agents was based on patient clinical evaluation
and availability. Specifically, CT is usually performed as it is the most available imaging
technique at our center. However, if MR is available and the patient has no contraindication
to MRI or if CT is inconclusive with MRI recommended by the reporting radiologist or
by the clinical multidisciplinary team, liver MRI is then performed. Overall, in patients
submitted to MRI, hepatobiliary agent is usually preferred if prior recent contrast enhanced
CT was performed or in follow-up of cirrhotic patients when liver function is adequate
and quality of arterial phase on prior MRI exams was adequate. In the remaining cases,
MRI with extracellular agents or is usually performed. CT/MRI protocols and technical
parameters were all performed in accordance with the LI-RADS recommendations [27].
CT scan parameters were slice thickness of 2 mm with an interval reconstruction of 2 mm,
kV 120, mAs 200 and pitch of 0.6. Liver protocol included precontrast scan, followed
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by hepatic arterial, portal venous and delayed phases, acquired using the bolus tracking
technique. Our liver MRI protocol included in all patients the following sequences: axial
T2-weighted sequence usually acquired with both single-shot fast spin-echo (SSFSE or
HASTE) technique and with T2-fat saturated technique TSE, axial T1-weighted dual echo
spoiled GRE, fat suppressed axial T1-weighted 3D GRE before and after i.e., contrast agent
injection and diffusion weighted imaging with b values of 0, 150 and 800 sec/mm?2. On
MR, after the precontrast acquisition, hepatic arterial, portal venous, 3-min phases were
acquired with scanning delays after detection of contrast bolus at the origin of the celiac
artery of 14, 60, and 180 s, respectively. If extracellular agents or gadobenate dimeglumine
were used 5-min equilibrium phase was also acquired. If gadoxetate disodium was used
5-min transitional phase was also acquired. If hepatobiliary agents were used, hepatobiliary
phase (HBP) images were obtained 120 and 20 min after intravenous administration of
gadobenate dimeglumine and gadoxetate disodium, respectively.

2.4. Imaging Analysis

CT/MRI exams at baseline acquitted at least six months before treatment and at all
follow-up timepoints after DAA therapy were reviewed to categorize observations based
on LI-RADS v2018 algorithm by two readers in consensus (i.e., two trained in liver imaging
radiologists) using a clinical picture archiving and communication system (PACS-Impax,
Agfa-Gevaert, Belgium) [17]. The readers were blinded to the purpose of the study, patients’
history, date of the DAA therapy, and CT/MRI reports. After excluding observations
categorized as noncategorizable (LR-NC), definitely benign (LR-1), probably benign (LR-2),
or treated (LR-TR), the readers documented the presence of any observation categorized as
at intermediate probability of malignancy (LR-3), probably HCC (LR-4), or definitely HCC
(LR-5) at CT/MRI exams before and after DAA therapy.

2.5. Statistical Analysis

Statistical analysis was conducted using SPSS Software (Version 20.0. IBM Corp,
Armonk, NY, USA) and MedCalc Statistical Software (version 14.8 Ostend, Belgium).
Categorical variables were expressed as numbers and percentages and differences were
assessed using the Pearson x2 or Fisher exact test. Continuous variables were reported
using median and interquartile ranges (IQR) according to the Shapiro-Wilk normality test
and the differences were assessed using the Mann-Whitney U test.

First it was tested whether the rate of LR-5 changes before and after DAAs. Incidence
of HCC after DAAs was assessed by using the Kaplan-Meier method and the curves
were compared by using the log-rank test. Time to LR-5 occurrence after DAAs was
calculated as the interval between DAA therapy and post-DAA CT/MRI follow-up exam
with diagnosis of LR-5. Then, univariate and multivariate analyses were performed using
the Cox proportional hazard models to identify whether clinical and radiological variables
could be related to LR-5 occurrence after DAAs. Variables with p < 0.1 at univariate analyses
were included in the multivariate models. Hazard ratios with 95% confidence intervals
(CIs) were calculated at univariate and multivariate analysis. Statistical significance level
was set at p < 0.05.

3. Results
3.1. Study Cohort

Our final study population included 115 patients (median age, 72 years) who were
deemed eligible for inclusion in the study. Characteristics of the study population are
summarized in Table 1. The overall CT/MRI median follow-up time was 47 months
(IQR 26-77 months) with a median imaging follow-up of 13 months (IQR 6-38 months)
before DAA and 24 months (IQR 12-42 months) after DAA therapy. LR-5 observations
were encountered before or after DAA therapy in 68 (59.1%) patients and their presence
was significantly higher in patients with older age (median, 76 vs. 68 years), p < 0.001),
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higher FIB-4 score (median, 7.60 vs. 5.46, p = 0.034), and with LR-3 or LR-4 observations
(n =34,50.0% vs. n =11, 23.4%; p = 0.004).

Table 1. Characteristics of the final population of patients with any LR-5 diagnosed before or after
direct antiviral therapy and in patients without any LR-5 before or after direct antiviral therapy.

Characteristics (n"l;otlalls) Aay:[él;; 5 Lai: :1];}{-5 p Value
Age (years) 72 (59.0, 78.0) 76 (68.2, 78.7) 68.0 (55.0, 73.0) <0.001
Sex

Men 68 (59.1) 45 (66.2) 23 (48.9) 0.064
Women 47 (40.9) 23 (33.8) 24 (51.1)

HCV genotype

la 4(3.5) 1(1.5) 3 (6.4)

1b 86 (74.8) 51 (75.0) 35 (74.5)

2 9(7.8) 6 (8.8) 3(6.4) 0.586
3 15 (13.0) 9 (13.2) 6 (12.8)

4 1(0.9) 1(1.5) 0(0)

BMI (kg/m?) 242(22.0,27.6)  259(24.2,27.6) 253 (23.8,27.3) 0.391
AST (IU/L) 64.0 (44.5,947)  69.0 (50.0,90.0)  59.0 (40.0, 107.0) 0.896
ALT (IU/L) 645 (41.5,86.0)  65.0 (49.0, 84.0) 64.0 (37.0, 97.0) 0.871
Hemoglobin (g/dL) 133 (119,146)  13.1(11.9,147) 134 (11.6,145) 0.852
WBC (x103/mL) 4900 (3885, 6055) 4810 (4000, 6313) 5050 (3607, 5997) 0.675
INR 1.0(1.0,1.2) 1.0 (1.0, 1.2) 1.0(1.0,1.2) 0.120
Albumin (g/dL) 3.6 (3.3,4.0) 3.6 (3.1,4.0) 3.7 (3.5, 4.0) 0.204
Creatinine (mg/dL) 0.8 (0.7, 1.0) 0.8 (0.7, 1.0) 0.8 (0.6, 0.9) 0.604
Bilirubin (mg/dL) 1.0(0.7, 1.3) 1.0 (0.6, 1.3) 1.0(0.7, 1.8) 0.352
(Pialtggxgunt 92.0(73.0,138.0)  89.0 (70.0,128.0)  103.0(73.0,1455)  0.133
Diabetes, 1 (%) 27 (23.5) 17 (25.0) 10 (21.3) 0.643
Hypertension, 1 (%) 55 (47.8) 34 (61.8) 21 (44.7) 0.575
TE (kPa) 132(17.2,29.6)  20.0 (15.0,33.8) 16.0 (12.7, 29.0) 0.108
Child-Pugh Score 6.0 (5.0, 6.0) 5.0 (5.0, 6.0) 6.0 (5.0, 6.0) 0.979
Child-Pugh Class

A 90 (78.3) 53 (77.9) 37 (78.7)

B 25 (21.7) 15 (22.1) 10 (21.3) 0920
FIB-4 score 6.45 (3.86,9.37)  7.60 (4.34,1028)  5.46 (2.86, 8.60) 0.034
MELD score 8.0 (6.0, 10.0) 8.0 (6.0, 10.0) 7.0 (6.0, 10.0) 0.431
LR-3/LR-4 45 (39.1) 34 (50.0) 11 (23.4) 0.004

Note: Continuous variables are expressed as median and interquartile range (25th to 75th percentile), categorical
variables are expressed as numbers and percentages. Statistically significant values (p < 0.05) are highlighted
in bold. Abbreviations: BMI, body mass index; ALT, alanine transaminase, AST, aspartate transaminase; HCV,
hepatitis C virus; TE, transient elastography; MELD, Model for End-Stage Liver Disease; WBC, white blood cells.

3.2. Time to LR-5 Occurrence after DAAs

After DAA therapy, 29 (25.2%) patients were diagnosed with LR-5, including 13 (11.3%)
patients with history of pre-DAAs LR-5 and 16 (13.9%) with de-novo LR-5 (Figures 2 and 3).
The number of patients diagnosed with LR-5 after DAA therapy was significantly lower
compared to those with LR-5 at baseline imaging pre-DAAs (n = 29, 25.2% vs. n = 52, 45.2%;
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p = 0.001). Patients with LR-5 post-DAAs showed significantly lower levels of albumin
(p = 0.002), higher Child Pugh score (p = 0.010), higher Model for End-Stage Liver Disease
(MELD) score (p = 0.031), higher liver stiffness (p = 0.015), and higher FIB-4 score (p = 0.009)
as well as a higher frequency of LR-3 or LR-4 observations (p = 0.001) (Table 2).

The median time to LR-5 occurrence after DA As was 16 months (IQR 6-34 months).
The cumulative incidence of LR-5 after DAA was 10.4% (12/115) at 1 year, 17.4% (20/115)
at 2 years, 20.9 (24/115) at 3 years, and 24.3% (28/115) at 4 years.

Kaplan-Meier curves according to Child Pugh class and presence of LR-3 or LR-4
observations are reported in Figures 4 and 5, respectively. Pairwise curves comparisons
showed significantly higher cumulative incidence of LR-5 occurrence after DA As in patients
with Child Pugh class B (log-rank p = 0.048) and with LR-3 or LR-4 observations (log-rank
p = 0.024). The cumulative 6-months, 1-year, and 2-years LR-5 incidence ranged from
16.0% to 40.0% in patients in Child Pugh class B (HCC rate: 10/25, 40%) vs. 4.4% to 11.1%
in patients in Child Pugh class A (HCC rate: 19/90, 21.1%), and from 11.1% to 24.1% in
patients with LR-3 or LR-4 observation (HCC rate: 21/54, 38.9%) vs. from 3.2% to 11.4% in
patients without LR-3 and LR-4 (HCC rate: 8/61, 13.1%).

Figure 2. 77-year-old woman with history of cirrhosis who achieved sustained virologic response
with direct acting antiviral therapy. Contrast-enhanced MRI shows (A) a 1.2 cm observation (arrow)
with nonrim arterial phase hyperenhancement, and (B) nonperipheral washout on portal venous
phase, consistent with de novo hepatocellular carcinoma.

Figure 3. 71-year-old woman with cirrhosis who achieved sustained virologic response with direct
acting antiviral therapy and history of HCC before HCV eradication. Contrast-enhanced CT reveals a
1.7 cm observation (arrow) nonrim arterial phase hyperenhancement (A), and nonperipheral washout
(arrows) on portal venous (B) and delayed (C) phases, consistent with de novo hepatocellular
carcinoma at 16 months after DAA.
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Table 2. Characteristics of the patients with LR-5 occurrence after direct acting antivirals.

LR-5 Post-DAA

Lack of LR-5 Post-DAA

Characteristics (1 = 29) (1 = 86) p Value
Age (years) 77.0 (63.0, 78.0) 71.5(58.0,72.7) 0.057
Sex

Men 21 (72.4) 47 (57.7) 0,092
Women 8 (27.6) 39 (45.3)

HCV genotype

la 0(0) 4(4.7)

1b 22 (75.9) 64 (74.4)

2 3(10.3) 6 (7.0) 0.303
3 3(10.3) 12 (14.0)

4 1(1.4) 0(0)

BMI (kg/m?) 25.0 (24.2, 27.6) 25.7 (24.2,27.6) 0.841
AST (IU/L) 73.0 (57.5, 99.5) 70.0 (46.0, 106.0) 0.521
ALT (IU/L) 68.0 (49.0, 85.5) 68.0 (50.0, 104.5) 0.747
Hemoglobin (g/dL) 13.1 (12.0, 14.4) 13.4 (11.9,14.5) 0.695
WBC (x103/mL) 4130 (3715, 5850) 4950 (3847, 6130) 0.658
INR 1.0 (1.0,1.2) 1.0 (1.0, 1.3) 0.105
Albumin (g/dL) 3.5(3.0,3.9) 3.7 (3.4, 4.0) 0.002
Creatinine (mg/dL) 0.8 (0.7,1.0) 0.8(0.7,0.9) 0.448
Bilirubin (mg/dL) 1.0 (0.5, 1.6) 1.0 (0.7, 1.3) 0.377
Platelet count (x10%/uL) 80.0 (62.0, 114.0) 98.0 (70.7, 156.0) 0.063
Diabetes, 1 (%) 10 (34.4) 17 (19.8) 0.106
Hypertension, 1 (%) 13 (48.8) 42 (48.8) 0.709
TE (kPa) 26.0 (16.9, 35.1) 17.0 (13.0, 29.0) 0.015
Child-Pugh Score 6.0 (5.0,7.0) 5.0 (5.0, 6.0) 0.010
Child-Pugh Class

A 19 (65.5) 71 (82.6)

B 10 (34.5) 15 (17.4) 0.054
FIB-4 score 8.84 (5.46, 11.65) 5.59 (3.25, 8.80) 0.009
MELD score 8.0 (7.0, 11.0) 8.0 (6.0,9.0) 0.031
LR-5 pre-DAA 13 (44.8) 39 (45.3) 0.961
LR-3/LR-4 21 (72.4) 33 (38.4) 0.001

Note: Continuous variables are expressed as median and interquartile range (25th to 75th percentile), categorical
variables are expressed as numbers and percentages. Statistically significant values (p < 0.05) are highlighted
in bold. Abbreviations: BMI, body mass index; ALT, alanine transaminase, AST, aspartate transaminase; HCV,
hepatitis C virus; TE, transient elastography; MELD, Model for End-Stage Liver Disease; WBC, white blood cells.
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Figure 4. Cumulative Kaplan-Meier curves for LR-5 occurrence after direct acting antivirals, according
to the Child-Pugh class. Log-rank p for comparison of curves: 0.048.

LR-5 post-DAA
100 -
5 — Without LR-3 or LR-4
90 — With LR-3 or LR-4
80 |-
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0 6 12 18 24 30 36 42 48 54 60
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Figure 5. Cumulative Kaplan-Meier curves for LR-5 occurrence after direct acting antivirals, according
to the presence of other LR-3 or LR-4 observations. Log-rank p for comparison of curves: 0.024.
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3.3. Risk Factors for LR-5 after DAAs

Univariate cox proportional hazards analysis revealed that FIB-4 score (p = 0.005)
and presence of LR-3 or LR-4 observations (p = 0.030) were significant predictors of LR-5
occurrence after DAA (Table 3). Of note, as shown in Table 3, history of LR-5 before DAA
therapy (i.e., LR-5 pre-DAA) was not significantly associated with LR-5 occurrence after
DAA at univariate analysis (p = 0.522). At multivariate analysis, Child-Pugh class B (HR
2.62, 95% CI 1.13-6.02, p = 0.023) and presence of LR-3 or LR-4 observations (HR 2.40,
95% CI 1.03-5.74, p = 0.048) were independent risk factors for LR-5 occurrence after DAA
therapy (Table 3).

Table 3. Univariate and multivariate cox proportional hazards model for LR-5 occurrence after direct

acting antivirals.

Univariate Analysis Multivariate Analysis

Characteristics HRa:;;d 95% CI p Value I-}::;:)d 95% CI  p Value
Age 1.03 0.99, 1.07 0.093 1.03 0.99, 1.08 0.093
Male sex 1.52 0.67,3.46 0.314

Transient elastography 1.01 0.98,1.51 0.215

Child-Pugh Class B 2.13 0.98, 4.62 0.055 2.62 1.13, 6.02 0.023
FIB-4 score 1.11 1.03,1.20 0.005 1.07 0.98,1.16 0.103
MELD score 1.09 0.98,1.26 0.100

LR-5 pre-DAA 0.787 0.37,1.64 0.522

Egsgrgign‘: 247 109,561  0.030 240 103,574  0.048

Note: Variables with p < 0.1 at univariate analyses were included in the multivariate models. Statistically
significant values (p < 0.05) are highlighted in bold. Abbreviations: 95% CI, 95% confidence interval; DAA,
direct-acting antivirals; FIB-4, Fibrosis-4 index for liver fibrosis; MELD, Model for End-Stage Liver Disease.

4. Discussion

In patients with HCV-related cirrhosis, the risk of HCC following HCV eradication
with DAA therapy remains high compared to patients who did not receive DAAs [14].
Our results based on imaging follow-up using CT and MRI showed that rate of HCC
diagnosed by LI-RADS criteria was lower after HCV eradication in this specific cohort,
with an HCC rate of 45% before DAA to an HCC rate of 25% after DAA therapy. This is
in accordance with prior studies demonstrating that HCV cure following DAA therapy
reduces individual HCC risk [28,29] and with clinical practice update of the American
Gastroenterological Association stating that DAA therapy is associated with a reduction
in the risk of incident HCC with a similar relative risk reduction in patients with and
without cirrhosis [30]. Nonetheless, the rates of HCC reported in our study might seem
surprisingly high in comparison with prior studies showing a rate of HCC occurrence of
1-8% and recurrence of 27-29% following DAA therapy [5-7,10,13,29]. However, prior
studies adopted only EASL guideline for HCC diagnosis, lacked LI-RADS categorization
of indeterminate liver observations, and considered separately the risk of HCC occurrence
and recurrence. Most importantly, our study is based on radiological assessment of CT and
MRI exams in high-risk cirrhotic patients with indeterminate focal liver lesions detected
on ultrasound or with prior HCC, thus overestimating the incidence of HCC compared to
other studies evaluating non-cirrhotic HCV patients. On the counter side, LI-RADS has
a higher sensitivity for HCC diagnosis compared to EASL guidelines due to the analysis
of a higher number of imaging features for HCC diagnosis (i.e., enhancing “capsule” as
major feature and several ancillary features to adjust the final category) and this may have
allowed for identification of a higher number of HCC as compared to prior studies using
EASL criteria only [17,19,31].
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Another benefit of LI-RADS is the possibility to stratify liver observations based on
their estimated probability of being HCC, thus identifying observations at intermediate
(LR-3) and high probability (LR-4) for HCC [17,32,33]. According to our multivariate
analysis, Child Pugh B and the presence of LR-3 and LR-4 are independent predictors of
HCC following HCV eradication. While liver function was previously reported as predictor
of HCC risk [5,34,35], to our knowledge the role of LR-3 and LR-4 observations in predicting
HCC risk after HCV eradication was not previously investigated. Prior studies identified a
higher risk of recurrence after SVR in patients with non-characterized nodules or “imaging
dysplastic nodules” at baseline [34,36,37]. Sangiovanni A et al. [38] recently suggested
a time-dependent relationship between de novo appearance of HCC after SVR and the
presence of radiologically undefined /non-malignant liver nodules. However, the definition
of radiologically non-characterized or undefined /non-malignant liver nodules or imaging
“dysplastic nodules” is vague and often non-reproducible [39]. When using LI-RADS, it
is possible to stratify these observations into different categories reflecting their relative
probability of being HCC, which is 33-38% for LR-3 and 64-87% for LR-4 [11,20]. It has
been recently shown that DAA therapy does not increase progression of indeterminate
observations, including LR-3 and LR-4 [40]. Even though, our results show that patients
with LR-3 and LR-4 observations or Child-Pugh B are respectively 2.40 and 2.62 times more
likely to have LR-5 observations following HCV eradication, with an HCC incidence at
2-years after DAA therapy of 25.1% and 40.0% in our cohort, respectively. Our results
may provide preliminary evidence to justify a close follow-up using CT or MRI after HCV
eradication by DAA therapy in HCV patients with LR-3 and LR-4 observations or with
more advanced liver disease (i.e., Child-Pugh B) due to the high risk of HCC after DAAs.

Similarly, to prior studies, our results showed a low overall incidence for develop-
ment of HCC at 1 year and that about one third of LR-5 occur after 2 years from DAA
therapy [6,10,35]. Our results demonstrate a median time to LR-5 occurrence after DAAs
of 16 months overall but ranged from 8 to 27 months depending on Child-Pugh class and
presence of LR-3 or LR-4 observations, with the longest time to LR-5 occurrence being
49 months after HCV eradication. Therefore, regardless of the presence of above-mentioned
predictors, we suggest long-term surveillance following HCV eradication, in accordance
with current EASL guidelines, AASLD guidance, and AGA practical advices [11,15,30]. In
addition, patients at higher risk of HCC after SVR (i.e., those with LR-3 and LR-4) may
be potentially benefit of adjuvant therapy after resection/ablation/TACE with checkpoint
inhibitors that are drugs being studied by ongoing trials [41,42].

In addition to its retrospective design and the small study cohort, several limitations
of our study deserve attention. First, we did not have pathologic proof of LR-3, LR-4,
or LR-5 observations, thus potentially skewing our HCC rate or misdiagnosing a small
number (5%) of LR-5 lesions [11,20]. However, this approach reflects routine practice in
guiding clinical decisions for patients at risk of HCC with preferred management being
3-6 months imaging follow-up for LR-3, multidisciplinary discussion for LR-4 to determine
individualized management and individualized treatment for LR-5 [43]. Second, we
selected only HCV-cured patients that underwent diagnostic CT/MRI for positive US
screening, with available long-term follow-ups and with cirrhosis or prior history of HCC
in order to comply with LI-RADS requirements for the definition of at-risk patients [17].
Therefore, our results may not be generalizable for HCV-cured subjects with negative US
screening. Third, the rate of HCC after DAA therapy included both patients without or
with pre-DAA diagnosis of LR-5, thus potentially mixing patients with different baseline
risk of HCC. However, LR-5 observations are considered as new lesions for HCC diagnosis
according to LI-RADS even in patients with prior HCC and are considered separately from
LR-TR viable observations that instead are considered a recurrence of the prior-HCC [17].
Finally, the lack of a control group (i.e., patients with LR-3/4 observations who did not get
antiviral treatment, and patients who did not have LR3/4 observations and had no antiviral
treatment) does not allow to compare our results with the baseline HCC risk of untreated or
DAA not-responsive HCV patients and therefore to establish the exact relationship between
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the presence of LR3/4 observations, antiviral therapy, and risk of HCC. DAA therapy is
currently the standard of care in HCV infection and achieves SVR rates above 90% also in
patients with pre-DAA history of HCC.

5. Conclusions

To conclude, the presence of observations at intermediate and high probability for
HCC increases the risk of HCC following the eradication of HCV infection. The persistence
of the risk of HCC after HCV eradication suggests the need for long-term follow-up after
DAA therapy, especially in patients with compromised liver function and indeterminate
liver observations.

Author Contributions: Conceptualization, FV.,, R.C., G.C., V.D.M., C.C. (Ciro Celsa) and G.B.; Data
curation, EV,, R.C,, S.G., EM. and C.C. (Ciro Celsa); Formal analysis, R.C.; Investigation, EM., P.G.
and G.B.; Methodology, FV,, R.C., G.C,, EM., VD.M,, C.C. (Calogero Camma) and G.B.; Project
administration, F V., C.C. (Calogero Camma), M.M. and G.B.; Supervision, M.M. and G.B.; Validation,
R.C.; Writing—original draft, EV. and R.C.; Writing—review & editing, G.C., S.G., C.C. (Ciro Celsa),
FM., VD.M,, C.C. (Calogero Camma) and G.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
University Hospital of Palermo (protocol code 10/2020 and date of approval 25 November 2020).

Informed Consent Statement: Patient consent was waived by the local Ethics Committee.
Data Availability Statement: Authors will be made available upon reasonable request.

Conflicts of Interest: None of the authors declared conflict of interest for this study. Roberto Cannella
has the following disclosure, not related to this work: received support from Bracco to attend a
meeting. Federica Vernuccio has the following disclosure, not related to this work: received support
from GE Healthcare to attend a meeting and from Guerbet for a lecture.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7-30. [CrossRef] [PubMed]

2. Tzartzeva, K.; Obi, J.; Rich, N.E.; Parikh, N.D.; Marrero, ].A.; Yopp, A.; Waljee, A.K; Singal, A.G. Surveillance Imaging and Alpha
Fetoprotein for Early Detection of Hepatocellular Carcinoma in Patients with Cirrhosis: A Meta-analysis. Gastroenterology 2018,
154,1706-1718.el. [CrossRef] [PubMed]

3.  Afdhal, N.; Zeuzem, S.; Kwo, P.; Chojkier, M; Gitlin, N.; Puoti, M.; Romero-Gomez, M.; Zarski, J.-P.; Agarwal, K.; Buggisch, P,;
et al. Ledipasvir and Sofosbuvir for Untreated HCV Genotype 1 Infection. N. Engl. . Med. 2014, 370, 1889-1898. [CrossRef]
[PubMed]

4. Kowdley, K.V.; Gordon, S.C.; Reddy, K.R.; Rossaro, L.; Bernstein, D.E.; Lawitz, E.; Shiffman, M.L.; Schiff, E.; Ghalib, R.; Ryan, M.;
et al. Ledipasvir and Sofosbuvir for 8 or 12 Weeks for Chronic HCV without Cirrhosis. N. Engl. |. Med. 2014, 370, 1879-1888.
[CrossRef]

5. Conti, F; Buonfiglioli, F; Scuteri, A.; Crespi, C.; Bolondi, L.; Caraceni, P.; Foschi, EG.; Lenzi, M.; Mazzella, G.; Verucchi, G.;
et al. Early occurrence and recurrence of hepatocellular carcinoma in HCV-related cirrhosis treated with direct-acting antivirals.
J. Hepatol. 2016, 65, 727-733. [CrossRef]

6.  Calvaruso, V.; Cabibbo, G.; Cacciola, I; Petta, S.; Madonia, S.; Bellia, A.; Tine, E,; Distefano, M.; Licata, A.; Giannitrapani, L.; et al.
Incidence of Hepatocellular Carcinoma in Patients with HCV-Associated Cirrhosis Treated with Direct-Acting Antiviral Agents.
Gastroenterology 2018, 155, 411-421.e4. [CrossRef]

7. Cabibbo, G.; Celsa, C.; Calvaruso, V.; Petta, S.; Cacciola, I.; Cannavo, M.R.; Madonia, S.; Rossi, M.; Magro, B.; Rini, F; et al.
Direct-acting antivirals after successful treatment of early hepatocellular carcinoma improve survival in HCV-cirrhotic patients.
J. Hepatol. 2019, 71, 265-273. [CrossRef]

8. Persico, M.; Aglitti, A.; Aghemo, A.; Rendina, M.; Lleo, A.; Ciancio, A.; Di Marco, V.; Lampertico, P.; Brunetto, M.R.; Zuin, M.;
et al. High efficacy of direct-acting anti-viral agents in hepatitis C virus-infected cirrhotic patients with successfully treated
hepatocellular carcinoma. Aliment. Pharmacol. Ther. 2018, 47, 1705-1712. [CrossRef]

9. Galati, G.; Muley, M.; Vigano, M.; lavarone, M.; Vitale, A.; Dell'Unto, C.; Lai, Q.; Cabibbo, G.; Sacco, R.; Villa, E.; et al. Occurrence
of hepatocellular carcinoma after direct-acting antiviral therapy for hepatitis C virus infection: Literature review and risk analysis.
Expert Opin. Drug Saf. 2019, 18, 603-610. [CrossRef]


http://doi.org/10.3322/caac.21590
http://www.ncbi.nlm.nih.gov/pubmed/31912902
http://doi.org/10.1053/j.gastro.2018.01.064
http://www.ncbi.nlm.nih.gov/pubmed/29425931
http://doi.org/10.1056/NEJMoa1402454
http://www.ncbi.nlm.nih.gov/pubmed/24725239
http://doi.org/10.1056/NEJMoa1402355
http://doi.org/10.1016/j.jhep.2016.06.015
http://doi.org/10.1053/j.gastro.2018.04.008
http://doi.org/10.1016/j.jhep.2019.03.027
http://doi.org/10.1111/apt.14685
http://doi.org/10.1080/14740338.2019.1617272

Diagnostics 2022, 12, 1187 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ogawa, E.; Nomura, H.; Nakamuta, M.; Furusyo, N.; Kajiwara, E.; Dohmen, K.; Kawano, A.; Ooho, A.; Azuma, K,; Takahashi, K,;
et al. Incidence of Hepatocellular Carcinoma after Treatment with Sofosbuvir-Based or Sofosbuvir-Free Regimens in Patients with
Chronic Hepatitis C. Cancers 2020, 12, 2602. [CrossRef]

Marrero, J.A.; Kulik, L.M.; Sirlin, C.B.; Zhu, A.X,; Finn, R.S.; Abecassis, M.M.; Roberts, L.R.; Heimbach, J.K. Diagnosis, Staging,
and Management of Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver
Diseases. Hepatology 2018, 68, 723-750. [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 early tumor recurrence in patients with hepatitis C virus-related hepatocellular carcinoma undergoing interferon-free
therapy: A note of caution. J. Hepatol. 2016, 65, 719-726. [CrossRef]

Kozbial, K.; Moser, S.; Schwarzer, R.; Laferl, H.; Al-Zoairy, R.; Stauber, R.; Stittermayer, A.F.; Beinhardt, S.; Graziadei, I.;
Freissmuth, C.; et al. Unexpected high incidence of hepatocellular carcinoma in cirrhotic patients with sustained virologic
response following interferon-free direct-acting antiviral treatment. J. Hepatol. 2016, 65, 856-858. [CrossRef] [PubMed]

Sapena, V.; Enea, M,; Torres, F; Celsa, C.; Rios, J.; Rizzo, G.E.M.; Nahon, P.; Marifio, Z.; Tateishi, R.; Minami, T.; et al. Hepatocellular
carcinoma recurrence after direct-acting antiviral therapy: An individual patient data meta-analysis. Gut 2021, 71, 593-604.
[CrossRef] [PubMed]

European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma.
J. Hepatol. 2018, 69, 182-236. [CrossRef]

Korean Liver Cancer Association-National Cancer Center (KLCANCC). 2018 KLCA-NCC Korea Practice Guideline for the
Management of Hepatocellular Carcinoma. Korean |. Radiol. 2019, 20, 1042-1113. [CrossRef]

American College of Radiology (ACR). Liver Imaging Reporting and Data System Version 2018. Available online:
https:/ /www.acr.org/Clinical-Resources /Reporting-and-Data-Systems/LI-RADS (accessed on 7 November 2021).

Organ Procurement and Transplantation Network (OPTN) Policies. Available online: https://optn.transplant.hrsa.gov/media/
1200/ optn_policies.pdf (accessed on 21 February 2021).

Lee, S.; Kim, M.-J.; Kim, S.-S; Shin, H.; Kim, D.Y.; Choi, ].-Y.; Park, M.-S.; Mitchell, D.G. Retrospective comparison of EASL 2018
and LI-RADS 2018 for the noninvasive diagnosis of hepatocellular carcinoma using magnetic resonance imaging. Hepatol. Int.
2019, 14, 70-79. [CrossRef]

van der Pol, C.; Lim, C.S,; Sirlin, C.B.; McGrath, T.A.; Salameh, J.-P,; Bashir, M.R; Tang, A.; Singal, A.G.; Costa, A.F,; Fowler, K ; et al.
Accuracy of the Liver Imaging Reporting and Data System in Computed Tomography and Magnetic Resonance Image Analysis
of Hepatocellular Carcinoma or Overall Malignancy—A Systematic Review. Gastroenterology 2019, 156, 976-986. [CrossRef]

von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.]J.; Getzsche, P.C.; Vandenbroucke, ].P.; STROBE Initiative. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)statement: Guidelines for reporting observational studies. J. Clin.
Epidemiol. 2008, 61, 344-349. [CrossRef]

Yoshida, E.M.; Sulkowski, M.S.; Gane, E.J.; Herring, R.W,, Jr.; Ratziu, V; Ding, X.; Wang, J.; Chuang, SM.; Ma, J.; McNally, J.;
et al. Concordance of sustained virological response 4, 12, and 24 weeks post-treatment with sofosbuvir-containing regimens for
hepatitis C virus. Hepatology 2015, 61, 41-45. [CrossRef]

Sterling, RK,; Lissen, E.; Clumeck, N.; Sola, R.; Correa, M.C.; Montaner, J.; Sulkowski, M.S.; Torriani, FJ.; Dieterich, D.T,;
Thomas, D.L.; et al. Development of a simple noninvasive index to predict significant fibrosis in patients with HIV/HCV
coinfection. Hepatology 2006, 43, 1317-1325. [CrossRef] [PubMed]

Child, C.G.; Turcotte, ]J.G. Surgery and portal hypertension. In The Liver and Portal Hypertension; Child, C.G., Ed.; Saunders:
Philadelphia, PA, USA, 1964; pp. 50-64.

Pugh, RN.H.; Murray-Lyon, LM.; Dawson, J.L.; Pietroni, M.C.; Williams, R. Transection of the esophagus in bleeding oesophageal
varices. Br. J. Surg. 1973, 60, 648-652.

Kamath, P.S.; Wiesner, R H.; Malinchoc, M.; Kremers, W.K.; Therneau, T.M.; Kosberg, C.L.; D’Amico, G.; Dickson, E.R.; Kim, W.R.
A model to predict survival in patients with end-stage liver disease. Hepatology 2001, 33, 464—470. [CrossRef] [PubMed]
Kambadakone, A.R.; Fung, A.; Gupta, R.T.; Hope, T.A.; Fowler, K.; Lyshchik, A.; Ganesan, K.; Yaghmai, V.; Guimaraes, A.R,;
Sahani, D.V,; et al. LI-RADS technical requirements for CT, MRI, and contrast-enhanced ultrasound. Abdom. Radiol. 2017, 43,
56-74. [CrossRef]

Waziry, R.; Hajarizadeh, B.; Grebely, J.; Amin, J.; Law, M.; Danta, M.; George, J.; Dore, G.]. Hepatocellular carcinoma risk following
direct-acting antiviral HCV therapy: A systematic review, meta-analyses, and meta-regression. |. Hepatol. 2017, 67, 1204-1212.
[CrossRef]

Kanwal, F,; Kramer, J.; Asch, S.M.; Chayanupatkul, M.; Cao, Y.; El-Serag, H.B. Risk of Hepatocellular Cancer in HCV Patients
Treated with Direct-Acting Antiviral Agents. Gastroenterology 2017, 153, 996-1005.e1. [CrossRef]

Singal, A.G.; Lim, ] K.; Kanwal, F. AGA Clinical Practice Update on Interaction Between Oral Direct-Acting Antivirals for Chronic
Hepatitis C Infection and Hepatocellular Carcinoma: Expert Review. Gastroenterology 2019, 156, 2149-2157. [CrossRef]

Erkan, B.; Meier, J.; Clark, T.J.; Kaplan, J.; Lambert, J.R.; Chang, S. Non-invasive diagnostic criteria of hepatocellular carcinoma:
Comparison of diagnostic accuracy of updated LI-RADS with clinical practice guidelines of OPTN-UNOS, AASLD, NCCN,
EASL-EORTC, and KLSCG-NCC. PLoS ONE 2019, 14, €0226291. [CrossRef]


http://doi.org/10.3390/cancers12092602
http://doi.org/10.1002/hep.29913
http://www.ncbi.nlm.nih.gov/pubmed/29624699
http://doi.org/10.1016/j.jhep.2016.04.008
http://doi.org/10.1016/j.jhep.2016.06.009
http://www.ncbi.nlm.nih.gov/pubmed/27318327
http://doi.org/10.1136/gutjnl-2020-323663
http://www.ncbi.nlm.nih.gov/pubmed/33741640
http://doi.org/10.1016/j.jhep.2018.03.019
http://doi.org/10.3348/kjr.2019.0140
https://www.acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS
https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf
https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf
http://doi.org/10.1007/s12072-019-10002-3
http://doi.org/10.1053/j.gastro.2018.11.020
http://doi.org/10.1016/j.jclinepi.2007.11.008
http://doi.org/10.1002/hep.27366
http://doi.org/10.1002/hep.21178
http://www.ncbi.nlm.nih.gov/pubmed/16729309
http://doi.org/10.1053/jhep.2001.22172
http://www.ncbi.nlm.nih.gov/pubmed/11172350
http://doi.org/10.1007/s00261-017-1325-y
http://doi.org/10.1016/j.jhep.2017.07.025
http://doi.org/10.1053/j.gastro.2017.06.012
http://doi.org/10.1053/j.gastro.2019.02.046
http://doi.org/10.1371/journal.pone.0226291

Diagnostics 2022, 12, 1187 13 of 13

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cannella, R.; Vernuccio, F; Sagreiya, H.; Choudhury, K.R,; Iranpour, N.; Marin, D.; Furlan, A. Liver Imaging Reporting and Data
System (LI-RADS) v2018: Diagnostic value of ancillary features favoring malignancy in hypervascular observations > 10 mm at
intermediate (LR-3) and high probability (LR-4) for hepatocellular carcinoma. Eur. Radiol. 2020, 30, 3770-3781. [CrossRef]
Vernuccio, F; Cannella, R.; Meyer, M.; Choudhoury, K.R.; Gonzales, F; Schwartz, ER.; Gupta, R.T.; Bashir, M.R.; Furlan, A;
Marin, D. LI-RADS: Diagnostic Performance of Hepatobiliary Phase Hypointensity and Major Imaging Features of LR-3 and LR-4
Lesions Measuring 10-19 mm With Arterial Phase Hyperenhancement. Am. J. Roentgenol. 2019, 213, W57-W65. [CrossRef]
Marifio, Z.; Darnell, A; Lens, S.; Sapena, V.; Diaz, A.; Belmonte, E.; Perell6, C.; Calleja, ].L.; Varela, M.; Rodriguez, M.; et al. Time
association between hepatitis C therapy and hepatocellular carcinoma emergence in cirrhosis: Relevance of non-characterized
nodules. J. Hepatol. 2019, 70, 874-884. [CrossRef] [PubMed]

Romano, A.; Angeli, P.; Piovesan, S.; Noventa, F.; Anastassopoulos, G.; Chemello, L.; Cavalletto, L.; Gambato, M.; Russo, F.P,;
Burra, P; et al. Newly diagnosed hepatocellular carcinoma in patients with advanced hepatitis C treated with DAAs: A
prospective population study. J. Hepatol. 2018, 69, 345-352. [CrossRef] [PubMed]

Ooka, Y.; Miho, K.; Shuntaro, O.; Nakamura, M.; Ogasawara, S.; Suzuki, E.; Yasui, S.; Chiba, T.; Arai, M.; Kanda, T.; et al.
Prediction of the very early occurrence of HCC right after DAA therapy for HCV infection. Hepatol. Int. 2018, 12, 523-530.
[CrossRef] [PubMed]

Morimoto, N.; Miura, K.; Watanabe, S.; Tsukui, M.; Takaoka, Y.; Nomoto, H.; Murayama, K.; Hirosawa, T.; Goka, R.; Kunitomo, N.;
et al. Usefulness of Gd-EOB-DTPA-enhanced MRI for evaluating the potential for early development of hepatocellular carcinoma
after HCV eradication by direct-acting antiviral treatment. J. Rural Med. 2019, 14, 78-86. [CrossRef]

Sangiovanni, A.; Alimenti, E.; Gattai, R.; Filomia, R.; Parente, E.; Valenti, L.; Marzi, L.; Pellegatta, G.; Borgia, G.; Gambato, M.;
et al. Undefined /non-malignant hepatic nodules are associated with early occurrence of HCC in DA A-treated patients with
HCV-related cirrhosis. J. Hepatol. 2020, 73, 593-602. [CrossRef]

Corwin, M.T.; Lee, A.Y.; Fananapazir, G.; Loehfelm, T.W.; Sarkar, S.; Sirlin, C.B. Nonstandardized Terminology to Describe
Focal Liver Lesions in Patients at Risk for Hepatocellular Carcinoma: Implications Regarding Clinical Communication. Am. J.
Roentgenol. 2018, 210, 85-90. [CrossRef]

Cannella, R.; Vernuccio, F; Celsa, C.; Cabibbo, G.; Calvaruso, V.; Greco, S.; Battaglia, S.; Choudhury, K.R; Tang, A.; Midiri, M;
et al. Long-term evolution of LI-RADS observations in HCV-related cirrhosis treated with direct-acting antivirals. Liver Int. 2021,
41,2179-2188. [CrossRef]

Kudo, M. Immune Checkpoint Inhibition in Hepatocellular Carcinoma: Basics and Ongoing Clinical Trials. Oncology 2017, 92
(Suppl. 1), 50-62. [CrossRef]

Huppert, L.A.; Gordan, J.D.; Kelley, R.K. Checkpoint Inhibitors for the Treatment of Advanced Hepatocellular Carcinoma. Clin.
Liver Dis. 2020, 15, 53-58. [CrossRef]

Kamath, A.; Roudenko, A.; Hecht, E.; Sirlin, C.; Chernyak, V.; Fowler, K.; Mitchell, D.G. CT/MR LI-RADS 2018: Clinical
implications and management recommendations. Abdom. Radiol. 2019, 44, 1306-1322. [CrossRef]


http://doi.org/10.1007/s00330-020-06698-9
http://doi.org/10.2214/AJR.18.20979
http://doi.org/10.1016/j.jhep.2019.01.005
http://www.ncbi.nlm.nih.gov/pubmed/30684506
http://doi.org/10.1016/j.jhep.2018.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29551707
http://doi.org/10.1007/s12072-018-9895-5
http://www.ncbi.nlm.nih.gov/pubmed/30242733
http://doi.org/10.2185/jrm.2993
http://doi.org/10.1016/j.jhep.2020.03.030
http://doi.org/10.2214/AJR.17.18416
http://doi.org/10.1111/liv.14914
http://doi.org/10.1159/000451016
http://doi.org/10.1002/cld.879
http://doi.org/10.1007/s00261-018-1868-6

	Introduction 
	Materials and Methods 
	Study Cohort 
	Clinical Data 
	CT/MRI Technique 
	Imaging Analysis 
	Statistical Analysis 

	Results 
	Study Cohort 
	Time to LR-5 Occurrence after DAAs 
	Risk Factors for LR-5 after DAAs 

	Discussion 
	Conclusions 
	References

