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Samuilis, A.; Zablockis, R.;
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Abstract: Background and Objectives: Chronic hepatitis C virus infection affects about 71 million people
worldwide. It is one of the most common chronic liver conditions associated with an increased risk of
developing liver cirrhosis and cancer. The aim of this study was to evaluate changes in liver fibrosis
and the risk of developing hepatocellular carcinoma after direct-acting antiviral drug therapy, and
to assess factors, linked with these outcomes. Materials and Methods: 70 chronic hepatitis C patients
were evaluated for factors linked to increased risk of de novo liver cancer and ≥ 20% decrease of
ultrasound transient elastography values 12 weeks after the end of treatment. Results: The primary
outcome was an improvement of liver stiffness at the end of treatment (p = 0.004), except for patients
with diabetes mellitus type 2 (p = 0.49). Logistic regression analysis revealed factors associated with
≥ 20% decrease of liver stiffness values: lower degree of steatosis in liver tissue biopsy (p = 0.053);
no history of interferon-based therapy (p = 0.045); elevated liver enzymes (p = 0.023–0.036); higher
baseline liver stiffness value (p = 0.045) and absence of splenomegaly (p = 0.035). Hepatocellular
carcinoma developed in 4 (5.7%) patients, all with high alpha-fetoprotein values (p = 0.0043) and
hypoechoic liver mass (p = 0.0001), three of these patients had diabetes mellitus type 2. Conclusions:
Liver stiffness decrease was significant as early as 12 weeks after the end of treatment. Patients with
diabetes and advanced liver disease are at higher risk of developing non-regressive fibrosis and
hepatocellular carcinoma even after successful treatment.

Keywords: hepatitis C; liver stiffness; direct-acting antiviral drugs; liver ultrasound elastography;
hepatocellular carcinoma

1. Introduction

Hepatitis C virus (HCV) affects about 71 million people worldwide. Chronic HCV
infection is one of the most common chronic liver diseases, characterized by progressive
liver fibrosis and increased risk of developing hepatocellular carcinoma (HCC) [1]. Liver
cirrhosis develops in about 10–30% of patients within 20 years of infection [1–3]. About
1% to 4% of patients with HCV-induced liver cirrhosis are diagnosed with HCC each
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year [3]. Previously, patients with chronic HCV infection used to be treated with interferon-
based regimens. After reaching sustained virologic response (SVR), a reduction in portal
hypertension [4,5] and fibrosis regression [6,7] are usually observed. In 3010 patients with
HCV-induced liver cirrhosis successfully treated with interferon, the incidence of hepatic
fibrosis was reduced by 49% [8]. However, the relevant data are inconsistent in the case of
decompensated cirrhosis [9].

Since 2013 in the world, and since 2015 in Lithuania, a new generation of direct-
acting antiviral drugs (DAAs) has been introduced into clinical practice. Thess novel
and particularly effective HCV treatments require a shorter duration and causes fewer
side effects than interferon-based therapy. DAA treatment leads to SVR in up to 95% of
cases [10,11]. The new treatment (contrary to interferon regimens) is also available for
patients with decompensated liver cirrhosis [12]. However, data on the impact of this
successful next-generation treatment on liver fibrosis regression are still lacking.

Hepatic inflammatory activity and stage of liver fibrosis used to be assessed by his-
tological examination prior to treatment. Liver biopsy was considered the gold standard
for fibrosis assessment; however, it is associated with longer hospitalization, higher risk of
complications, and increased treatment costs [13]. The accuracy of the histological examina-
tion depends on the sampling technique, sample size and experience of the examiner [14].
In addition, liver biopsy is rarely repeated after the treatment due to the invasiveness of
the procedure and ethical considerations. Therefore, non-invasive liver fibrosis assess-
ment methods recently were widely introduced into clinical practice. Evaluation of liver
stiffness using transient elastography (TE, most known as FibroScan) is one of the most
used non-invasive liver fibrosis assessment methods. TE is also convenient for assessing
the dynamics of liver stiffness. Studies have shown that an SVR after DAA treatment is
linked to a decrease in liver stiffness, especially in patients with advanced HCV-induced
liver fibrosis [9,15,16]. There is also a reduction in fibrosis scores FIB-4 (which includes
the patient’s age, aspartate aminotransferase (AST), alanine aminotransferase (ALT) levels
and platelet count) and APRI (liver fibrosis index, calculated by measuring the ratio of
AST to platelet count). However, it is not clear whether these results are associated with
a reduction in fibrosis or the inhibition of chronic inflammation and interstitial edema in
hepatic tissue [15].

Treatment of chronic HCV infection using interferon-based regimens resulted in SVR
in up to 50% of cases [17]. Studies have shown that patients who achieved SVR after this
treatment had a reduction in liver fibrosis, lower risk of complications, mortality and lower
incidence of HCC compared with patients who have not reached SVR [18–21]. Higher
incidence of HCC has been reported in patient groups with diabetes mellitus and HCV
genotype 3 [22,23].

DAAs have only recently been introduced for the treatment of hepatitis C; therefore,
doubts remain about the effectiveness of this treatment in preventing the development of
HCC [17,24,25]. The incidence of HCC development in successfully treated patients could
be expected to decrease [16], but studies on the incidence of HCC after treatment with DAA
are not yet numerous, and the results are mixed. Conti and co-authors [26] evaluated DAA
treatment data from 285 patients with HCV liver cirrhosis. SVR was achieved in 91% of
cases. During 24 weeks posttreatment follow-up, HCC was diagnosed in 9 patients (3.2%;
95% CI 1.45–5.90). The authors concluded that SVR elicited by DAAs does not reduce the
risk of HCC development over a short follow-up period. In a meta-analysis of 26 studies
summarizing chronic HCV infection treated with DAAs (11.523 patients), the treatment
was not associated with a higher rate of HCC development (RR 0.68; 95% CI 0.18–2.55,
p = 0.55) [27]. In the other two large cohort studies, achieved SVR was associated with a
71–76% lower risk of developing HCC [28,29].

In the DAA era, the population of patients has changed-increasingly more patients
with advanced liver disease and decompensated cirrhosis are being treated. Individuals
with HCV-induced cirrhosis who were treated with DAAs remain at high risk of developing
HCC even after achieving SVR and should be monitored further [17]. This could also
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explain the higher-than-expected rate of HCC development in previously mentioned
studies. However, more detailed studies on HCC incidence in patients treated with DAAs
are needed to clarify the real factors associated with possible greater risk.

The aim of this study was to evaluate changes in liver stiffness and risk of developing
HCC after direct-acting antiviral therapy and to assess factors linked with these out- comes
in patients with advanced liver fibrosis treated with DAAs.

2. Materials and Methods
2.1. Study Population and Design

This retrospective analytical study was performed in the Center of Infectious Diseases
of Vilnius University Hospital Santaros Klinikos (VUH SK). The study population consisted
of adult women and men treated in the years 2015 to 2019. All patients had HCV-induced
F3 and higher hepatic fibrosis (according to the METAVIR score) or ultrasound transient
elastography technique (FibroScan) values greater than 9.5 kPa (in cases when a percuta-
neous liver biopsy was contraindicated) [30]. Depersonalized health records of all patients
who met the inclusion criteria were reviewed. Patients who discontinued DAA treatment,
cases with pre-existing HCC diagnosis, patients with HIV or hepatitis caused by other
viruses, and cases with insufficient data were excluded from the study. A detailed patient
selection process is provided in Figure 1.
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Figure 1. Study flowchart. HCV—hepatitis C virus; HBV—hepatitis B virus; HIV—human immun-
odeficiency virus; HCC—hepatocellular carcinoma; SVR—sustained virologic response.

From 1 January 2015 to 29 October 2019, 392 patients with chronic HCV were examined
and treated in the Center of Infectious Diseases of VUH SK. The retrospective study
included 70 subjects who met the mentioned inclusion criteria. The majority of cases were
excluded due to insufficient test data or grade F1-2 fibrosis. The study was approved by the
Vilnius Regional Biomedical Research Ethics Committee (No.2020/2-1195-681, approved
date 13, December 2019).

Patients were evaluated for their comorbidities (obesity, primary arterial hypertension
(PAH), diabetes mellitus type 2 (DM2)), possible route and duration of HCV infection, HCV
genotype. Patients were assessed by histological examination or FibroScan exam prior
to treatment. Histological evaluation of the liver included HAI (histology activity index),
degree of hepatic steatosis and fibrosis score according to the METAVIR). The cut-off value
for significant steatosis in liver biopsy was ≥30%.

2.2. Laboratory Test Data

Baseline and data after 12 weeks of follow-up (SVR12) were evaluated for these
factors: HCV viremia, ALT, AST and AFP (alpha-fetoprotein) concentration. Prothrombin
index (PTI), GGT (gamma-glutamyltransferase) and platelet count were evaluated before
treatment. A significant increase in hepatic biochemical inflammatory parameters was
defined as serum ALT or AST > 40 U/L, GGT > 36 U/L. Significant AFP concentration was
considered when >5.5 kU/L.
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2.3. Radiological Data

Baseline, EoT and SVR12 liver tissue stiffness measurements were obtained by ultra-
sound transient elastography using M or XL sensors (Echosens FibroScan 402, Paris, France)
in left lateral position (with at least 6 h of fasting). The test was considered as correct when
the following criteria were met: (1) at least 10 successful measures were obtained; (2)
success rate at least 60%; (3) IQR value < 30%. Measures were obtained by intercostal
approach on the 4th right intercostal space. Liver stiffness values were categorized as
follows: 7.1–8.5 kPa corresponds to F1–F2, 8.6–9.5 kPa-F2, 9.6–12.5 kPa-F3, 12.6–14.5 kPa-
F3–F4 and > 14.5 kPa—F4 fibrosis stage according to the METAVIR [30]. Reduction of
≥20% of transient elastography (TE) score was considered significant.

Conventional ultrasound (US) examination of the liver and spleen in grayscale mode
with convex probe (Mindray DC-7, C5-2 (3.5 MHz) probe, Shenzhen, China) was per-
formed before and 12 weeks after achieving SVR. Liver size, signs of hepatosteatosis,
focal liver lesions and signs of cirrhosis were evaluated. Patients were examined after at
least 6 h of fasting. All examinations were performed by the same experienced special-
ist. Splenomegaly was defined as US spleen length ≥ 20 mm and hepatomegaly as CC
(craniocaudal) measure ≥155 mm.

2.4. Statistical Analysis

The distribution of continuous variables was evaluated using the Shapiro-Wilk test,
histograms and boxplots. Normally distributed continuous variables are expressed as
mean (±standard deviation), non-normal distribution data are expressed as median and
IQR (Q1–Q3). Data from different groups were compared using Student’s t-test (for
normal distribution) or Mann-Whitney-Wilcoxon test (for non-normal distribution). Data
were compared by one-way analysis of variance (ANOVA) with Bonferroni correction.
Categorical variables were compared with chi-square or Fisher’s exact test. A binary
logistic regression model was applied to assess the risk factors. Regression results are
expressed as odds ratios (OR) with 95% confidence intervals (CI). Statistical significance
was defined when p < 0.05. Data were analyzed using the Statistical Package for Social
Science software for Windows v21.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Study Population

The average age of patients was 56.3 (44.8–67.8) years. Sixty percent of patients were
males. The body mass index (BMI) median was 27 (25–32) kg/m2. Of 57 patients whose
BMI was evaluated, 23 were diagnosed with obesity (BMI ≥ 30 kg/m2).

The most common HCV genotypes were 1b (54.3%) and 3 (25.7%). The most common
transmission routes were through blood donation or transfusion prior to donor screening
introduction in 1993 (54.8%) and intravenous drug abuse (21.4%). Nineteen (27.1%) patients
were previously treated with the combination of interferon and ribavirin, and 51 (72.9%)
were treatment-naive. DAA treatment regimens are available in Table 1.

Table 1. Different direct-acting antiviral drug DAA treatment regimens used in the study.

DAA TREATMENT Scheme Number of Patients (%)

ombitasvir/paritaprevir/ritonavir/dasabuvir +/− ribavirin 30 (42.9%)
glecaprevir/pibrentasvir 16 (22.9%)

elbasvir/grazoprevir +/− ribavirin * 15 (21.4%)
sofosbuvir/daclatasvir 5 (7.1%)
sofosbuvir/velpatasvir 3 (4.3%)
sofosbuvir/ledipasvir 1 (1.4%)

* ribavirin was included for all patients with confirmed grade F4 fibrosis. The duration of treatment was 12 to
24 weeks, depending on the regimen.
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Hepatic fibrosis score F4 according to the METAVIR was confirmed histologically in
62 (88.6%) patients. Fibrosis was assessed using TE (instead of histologic examination) in
8 patients.

When comparing F3 to F4 fibrosis score patients. Genotype 3 was found to be sta-
tistically significantly more often associated with grade F4 fibrosis than other genotypes
(p = 0.033). There was no statistically significant distribution of age, gender, obesity, PAH
and DM2 when comparing these two groups. More detailed patient demographic and
clinical data are available in Table A1.

3.2. DAA Treatment Outcomes
3.2.1. Laboratory Test Data

All patients enrolled in the study achieved SVR after treatment. There was a statis-
tically significant decrease in all evaluated biochemical markers of hepatitis (ALT, AST,
GGT) and AFP (p < 0.0001). More information is provided in Table 2 and Figure 2:

Table 2. All patient’s laboratory test data at baseline and at SVR12 1.

Characteristic Measure

Viremia (baseline), IU/mL 3,380,000 (965,000–6,620,000)
ALT 2, U/L

Baseline 74.8 (47.6–158.3)
SVR12 23.0 (18.3–34.0)

AST 3, U/L
Baseline 85.7 (41.9–144.1)
SVR12 26.0 (21.7–35.5)

GGT 4 (baseline), U/L 91.2 (48.2–199.9)
AFP 5, kU/L

Baseline 5.9 (3.8–11.2)
SVR12 4.2 (2.0–6.6)

PTI 6 (baseline), % 66 (50–83)
Platelets (baseline), 109/L 131.4 (83.1–179.7)

1 SVR12—sustained virologic response after 12 weeks of follow-up; 2 ALT—alanine aminotransferase; 3 AST—
aspartate aminotransferase; 4 GGT—γ-glutamyltransferase; 5 AFP—alpha-fetoprotein; 6 PTI—prothrombin
index.
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3.2.2. Transient Elastography Results

Liver stiffness was evaluated before, after and 12 weeks after treatment in 64 of the
70 patients (6 patients had incomplete liver stiffness evaluation). The median values of
TE of the liver decreased significantly after treatment (p = 0.004). A statistically signif-
icant decrease in TE values was found when comparing all data groups: baseline and
EoT—p = 0.004; baseline and SVR12—p = 0.00286; EoT and SVR12—p = 0.00470. Detailed
information is available in Table 3 and Figure 3.

Table 3. Changes in liver elastography values.

Baseline EoT 1 SVR12 2

Median values (kPa) 25.1 (14.5–36.3) 15 (11.4–22) 14.8 (12–27.2)
Median change (kPa) – −6.6 (−17.3–−0.9) −5.6 (−16.1–1.1)

Change, % – −26.3% −22.3%
1 EoT—end of treatment; 2 SVR12—sustained virologic response after 12 weeks of follow-up.
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Assessing the influence of comorbidities, the median decrease of TE values was found
insignificant only in the DM2 (p = 0.49) group. However, there was no evident in- fluence
of obesity or PAH on TE value changes (p < 0.05).

3.2.3. Ultrasound Examination Findings

Fifty-seven of 70 patients had a full US assessment (liver, spleen, lymphadenopathy,
ascites, and portosystemic collaterals) before treatment and at SVR12. The most common
findings were irregular liver contours (71.9%) and irregular texture (61.4%). Hepatomegaly
was found in 50.0% and splenomegaly in 28.6% of patients. A statistically significant
reduction of spleen (but not liver) size was observed at SVR12 (p = 0.015). More detailed
information is provided in Table 4 and Figure 4.
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Table 4. Liver and spleen ultrasound findings.

Measure Result

Baseline liver CC 1 1642 (141.0–187.4)
SVR12 2 liver CC 1599 (140.6–179.3)

Baseline spleen length 1200 (110.0–137.5)
SVR12 spleen length 1180 (108.5–135.0)

Characteristic Number of Patients

Irregular liver contour 35 (61.4%)
Irregular liver tissue 41 (71.9%)

Signs of hepatosteatosis 25 (43.9%)
Liver focal lesion 8 (14.0%)

Portal lymphadenopathy 5 (8.8%)
Portosystemic collaterals 2 (3.5%)

Ascites 6 (10.5%)
HCC 3 (confirmed by CECT 4 scan) 4 (5.7%)

1 CC—craniocaudal measure; 2 SVR12—sustained virologic response after 12 weeks of follow-up; 3 HCC—
hepatocellular carcinoma; 4 CECT—contrast enhanced computed tomography.
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3.3. Factors Contributing to Reduction of Liver Stiffness

A detailed assessment of liver stiffness comparing baseline TE estimates with esti-
mates at SVR12 showed that ≥20% reduction in TE values is more common in patients
with non-significant hepatic steatosis. (p = 0.05), as well as those who were treatment-
naive before starting DAA therapy (p = 0.04). More evident decrease in TE values was
observed in patients with increased baseline liver enzymes (ALT, p = 0.031; AST, p = 0.028;
GGT, p = 0.019). Higher (>14.5 kPa) initial elastography value (p = 0.04) and absence of
splenomegaly (p = 0.031) were also found to be a good predictors of significant TE value
decrease. More detailed information is provided in Table A2.

Regression analysis of the data (Table 5) confirms the mentioned results; however, the
influence of the degree of histologic hepatic steatosis was marginally insignificant (p = 0.053).
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Table 5. Factors associated with ≥20% decrease in FS 1 values. Logistic regression analysis.

Factor OR 2 (95% CI 3) p Value

Steatosis in liver bioptate
≥30% (significant)

<30% (non-significant) History of interferon-based
treatment

1
3.15 (0.99–10.08) 0.053

Yes 1
No 3.33 (1.03–10.81) 0.045

ALT 4, U/L
≤40 1
>40 5.54 (1.12–27.34) 0.036

AST 5, U/L
≤40 1
>40 6.00 (1.20–30.00) 0.029

GGT 6, U/L
≤36 1
>36 7.29 (1.31–40.57) 0.023

Baseline FS value, kPa
≤14.5 1
>14.5 3.33 (1.03–10.81) 0.045

Splenomegaly
Yes 1
No 3.67 (1.10–12.25) 0.035

1 FS—FibroScan; 2 OR—odds ratio; 3 CI—confidence interval; 4 ALT—alanine aminotransferase; 5 AST—aspartate
aminotransferase; 6 GGT—gamma-glutamyltransferase.

3.4. Frequency and Risk Factor Characteristics of de Novo HCC Development

During follow-up after the treatment, HCC developed in 4 of 70 patients (5.7%).
The previous conventional ultrasound reports of all the HCC patients were consistent
with severe hepatic cirrhosis: irregular liver contour and tissue, signs of hepatosteatosis
and hepatomegaly. Factors possibly related to the development of HCC included DM2
(p = 0.0419), clinically significant elevation in AFP (p = 0.0043) and finding of a hypoechoic
lesion (p = 0.0001). Regression analysis was not used to assess HCC risk factors due to the
limited sample size.

4. Discussion

The aim of this study was to evaluate patients with advanced liver fibrosis (F3–F4)
who require periodic follow-up after DAA treatment. To date, no such studies have been
conducted in Lithuania to our knowledge. Our study showed a significant regression of
liver stiffness values immediately after achieving SVR. As early as 12 to 24 weeks after the
beginning of treatment, patients had an average improvement in the fibrosis stage from
the previous F4 to F3 (according to TE values). Comparable results were obtained in other
similar studies [9,15,16]. A more pronounced decrease in elastography scores was observed
immediately after EoT and less marked at SVR12. This trend is particularly noticeable
in patients who had initial elastography values over 14.5 kPa. However, such expressed
therapeutic effect may be associated with reduced necroinflammation process in the liver,
but not with the regression of fibrosis itself [9]. Baseline FibroScan values in these studies
range from 10.2 to 32.5 kPa (25.1 kPa in our study). Such wide distribution of results could
be related to the timing of enrollment- in patients with active chronic hepatitis C the TE
values are markedly higher [15,16]. However, the reliability of the TE evaluation itself is
ambiguous, with only values up to 75 kPa being determined. Thus, the scores of some
patients are higher than measurable, but in this case, it is not clear to what extent this
affects the results (there were four such patients in our study). It should also be noted that
some investigators choose not to include patients with skipped TE examinations in the
study sample because they significantly skew the results (this sampling was also used in
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this study), and for some patients FibroScan examinations fail due to their body habitus or
other factors, these were excluded as well.

The HCV genotype 3 has been long associated with a higher risk of developing
hepatosteatosis [31]. Viruses of other genotypes also increase the risk of developing
steatosis, but indirectly (through association with increased BMI and insulin resistance),
whereas, for genotype 3, the degree of HCV viremia is directly associated with steatosis
progression [32,33]. The increase in steatosis (as well as a fibrosis) can be measured using
elastography. The mentioned association was also observed in this study-patients infected
with genotype 3 had significantly higher baseline elastography estimates, but it remains
unclear whether due to steatosis or fibrosis.

Associations have been found that may explain the role of liver inflammation (which
is also thought to influence changes in the values of the mentioned scales) in the regres-
sion of hepatic fibrosis. The significant association between reduced liver stiffness and
inflammation (expressed as transaminitis) in this study can be explained by the findings
of similar studies on the effect of necroinflammatory response on chronic HCV infection
stiffness regression-the greater the inflammation prior to initiating treatment, the better
the clinical outcome [34]. Although it remains questionable whether the reduction in
inflammatory response or fibrosis regression is measured in the early post-treatment TE
examinations, elevated ALT, AST, and GGT are significant in predicting regression of
elastography estimates in the early post-treatment period [35–37]. However, the use of
inflammatory indices to predict a decrease in elastography values is less reliable in patients
with decompensated liver cirrhosis (especially with periods of disease exacerbation and
elevations in aminotransferases) because the potential for fibrosis regression in such cases
is poor [38].

Another significant feature of decompensated liver cirrhosis is splenomegaly. The
pathophysiological mechanism that triggers the process is portal hypertension caused by
liver fibrosis and inflammation [34,39]. In this study, the reduction in TE values was more
often observed in patients without splenomegaly (this is in contrast to other findings which
associated higher baseline fibrosis and inflammatory markers with more expressed clinical
response). This may be explained by the fact that when portal venous pressure reaches
10–12 mmHg, the progression of portal hypertension largely becomes a spontaneous pro-
cess independent of hepatic fibrosis [39,40]. Regression of hepatic fibrosis after achieving
SVR in these cases becomes less clinically significant. Therefore, US measurement and
TE evaluation of spleen are increasingly important in the assessment of particularly ad-
vanced liver disease, to predict improvement in patients or to assess regression of portal
hypertension after liver transplantation [39–41].

The influence of diabetes on the necroinflammatory process of the liver is another
important topic. Chronic HCV infection has been associated with an increased risk of
developing glucose intolerance, and DM2 has been identified as a factor reducing the
potential for fibrosis regression [34,42] and promoting steatogenesis [33,34]. Cases of
treatment failure associated with insulin resistance and histological liver damage have also
been frequently reported. Some studies have even found an association between circulating
insulin concentration and the stage of fibrosis [32,34]. This association may be expressed as
a feedback loop in which increased hepatic fibrosis and steatosis lead to increased insulin
resistance and vice versa [42]. Even after achieving treatment success and SVR, liver TE
values in DM2 patients remain significantly worse [43]. Diagnosing chronic HCV infection
in such patients is also complicated as transaminitis in such cases can be misinterpreted as
an expression of non-alcoholic steatohepatitis associated with metabolic syndrome. This
way, the diagnosis of chronic HCV infection can be delayed to the point of pronounced
progression of liver fibrosis. In this study, patients with type 2 diabetes (nearly a quarter of
subjects) also had significantly higher TE values before and after treatment, but the effect
of DM2 on liver stiffness reduction was not confirmed by regression analysis. Nevertheless,
active monitoring of these patients is important in clinical practice, especially in view of
the increased risk of developing HCC [23].
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Interferon-based treatment leads to fibrosis regression after achieving SVR [6,7,16].
Patients who failed treatment with interferons and were later treated with DAAs are also
included in this study. Significant reduction of TE values was observed less frequently
in this group than in treatment-naive patients. This is possibly related to a prolonged
inflammatory process (due to treatment failure) that has led to decompensated liver cir-
rhosis in some patients [44]. In addition, interferon therapy has been indicated in patients
with advanced hepatic inflammation (to balance the benefits and harms of adverse drug
reactions), and fibrosis in such patients often progressed prior to initiating DAA [45]. Thus,
the greater reduction in fibrosis in treatment naive patients is probably not a consequence of
the direct effects of the drugs themselves, but of the peculiarities of the treatment regimen.

Not only the development of fibrosis but also hepatosteatosis as a result of chronic
HCV infection is one of the most widely discussed topics in the field of hepatology in recent
years [46]. Methods used in our study could not directly assess the degree of steatosis, as
CAP score calculation is unavailable on FibroScan 402; however, a significant association
was found between a low degree of steatosis on biopsy (<30%) and an improvement
in FS values. It should be noted that DAAs have been associated with the progression
of steatosis in some studies even after achieving SVR, with the proportion of steatosis
increasing as fibrosis decreases [33]. However, no reliable association was found between
the hepatosteatosis and elastography values, and the logistic regression findings were
statistically insignificant, requiring more specific methods and a larger sample size for
estimating the degree of steatosis in future studies, especially when it is known that liver
steatosis influences TE values [47].

One of the main aims of the study was to determine the incidence of hepatocellular
carcinoma after DAA treatment. HCC was confirmed in 4 (5.7%) patients (cf. 3–7% in other
studies [17,26]). Although a small study sample posed difficulties in statistical analysis,
an association was found with HCC risk factors often mentioned in literature—DM2,
increased AFP levels, and hypoechoic nodule finding in US examination. Detection of
elevated AFP combined with hypoechoic nodule or mass is essential in the diagnosis of
HCC with 82.6% sensitivity and 70.4% specificity [48], and confirmation of higher cancer
risk in DM2 patients encourages special attention in this group [23].

Our study has several limitations. One of them (in part due to the short time since the
introduction of DAAs into clinical practice) is a relatively small sample size. Another limita-
tion is that the TE findings were not corroborated with liver biopsy findings, as histological
examinations were not routinely performed after treatment. Since that correlation has not
been established, the changes in TE after DAA therapy may not necessarily correlate with
findings on biopsy. Some other notable limitations of our study are related to insufficient
laboratory test data. We were unable to provide Child-Pugh classification for patients with
advanced liver disease due to lack of serum albumin evaluation in a significant number
of patients, as at that time, it was not a routine test in our clinic. In this study, we also
expected to assess the change in FIB-4 and APRI liver fibrosis scores; however, due to lack
of platelet count data at week 12 posttreatment, it was not possible.

5. Conclusions

1. Evaluation of elastography values showed a significant decrease in liver stiffness as
early as 12 weeks after the end of treatment;

2. Factors linked to more pronounced regression of elastography values were: low per-
centage of steatosis in liver biopsy, no previous interferon-based treatment, elevated
biochemical markers of hepatitis (AST, ALT, and GGT), high baseline elastography
measures and absence of splenomegaly;

3. Even after successful DAA treatment, the risk of developing hepatocellular carcinoma
seems not to subside completely; therefore, patients should still be monitored closely.

4. The risk groups for non-regressive fibrosis and hepatocellular carcinoma in this study
are patients with diabetes mellitus type 2 and advanced liver disease. Correction of
risk factors in these patients is particularly important.
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Appendix A

Table A1. Patient demographic and clinical data.

Characteristic n (%)

Age, years (mean, ±SD 1) 56.3 (44.8–67.8)
Gender:
Female 28 (40.0%)
Male 42 (60.0%)

BMI 2, kg/m2 27 (25–32)
<30 kg/m2 34 (48.6%)
≥30 kg/m2 23 (32.8%)
Unknown 13 (18.6%)

PAH 3

Yes 36 (51.4%)
No 34 (48.6%)

DM2 4

Yes 17 (24.3%)
No 53 (75.7%)

Alcohol abuse
Yes 21 (30.0%)
No 49 (70.0%)

Possible route of HCV 5 infection
Blood transfusion 19 (27.4%)

IV drug abuse 19 (27.4%)
Tattoo 15 (21.4%)

Surgical intervention 2 (2.8%)
Unknown 13 (21.0%)

HCV genotype
1 46 (65.7%)
2 4 (5.7%)
3 18 (25.7%)

HAI 6

4–8 55 (94.8%)
9–12 3 (5.2%)

METAVIR 8 (11.4%)
F3 F4 62 (88.6%)

Degree of steatosis (liver bioptate, median) 20% (7.0–30.0)
History of interferon-based treatment

No 51 (72.9%)
Yes 19 (27.1%)

1 SD—standard deviation; 2 BMI—body mass index; 3 PAH—primary arterial hypertension; 4 DM2—diabetes
mellitus type 2; 5 HCV—hepatitis C virus; 6 HAI—histology activity index.
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Table A2. Factors without sufficient statistical significance to decrease in elastography values.

Factor Decreased ≥ 20%, n = 38 (%) Decreased < 20%, n = 26 (%) p Value

Age, years 56.3 (44.8–67.8) – – 0.289
Gender
Female 20 (76.9) 16 (42.1) 0.06
Male 6 (23.1) 22 (57.9)

BMI 1, kg/m2

<30 20 (83.3) 24 (63.2) 0.088
≥30 4 (16.7) 14 (36.8)

PAH 2

No 16 (61.5) 18 (47.4) 0.265
Yes 10 (38.5) 20 (52.6)

DM2 3

No 22 (84.6) 30 (78.9) 0.747
Yes 4 (15.4) 8 (21.1)

Genotype
1 22 (84.6) 18 (47.4) 0.07
2 2 (7.7) 4 (10.5)
3 2 (7.7) 16 (42.1)

METAVIR score
F3 2 (7.7) 4 (10.5) 0.531
F4 2 (92.3) 34 (89.5)

Treatment scheme 4

VE 12 (46.2) 10 (26.3) 0.07
MVR 2 (7.7) 16 (42.1)

ZR 10 (38.5) 6 (15.8)
SOF 2 (7.7) 6 (15.8)

Duration of treatment
12 weeks 24 (92.3) 32 (84.2) 0.456
24 weeks 2 (7.7) 6 (15.8)

Viremia, IU/mL
≤600,000 4 (16.7) 2 (5.9) 0.22
>600,000 20 (83.3) 32 (94.1)

AFP 5, kU/L
≤5.5 14 (63.6) 26 (68.4) 0.705
>5.5 8 (36.4) 12 (31.6)

Platelets
≥150 × 109/L 10 (41.7) 8 (21.1) 0.082
<150 × 109/L 14 (58.3) 30 (78.9)

Signs of steatosis (US 6)
No 20 (76.9) 24 (70.6) 0.582
Yes 6 (23.1) 10 (29.4)

Hepatomegaly (US)
No 10 (50.0) 18 (52.9) 0.835
Yes 10 (50.0) 16 (47.1)

1 BMI—body mass index; 2 PAH—primary arterial hypertension; 3 DM2—diabetes mellitus type 2; 4 treatment
scheme abbreviations are provided in Table 1; 5 AFP—alpha-fetoprotein; 6 US—ultrasound. Liver stiffness was
evaluated before, after and at SVR12 in 64 of the 70 patients (6 patients had incomplete liver stiffness evaluation).
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