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ABSTRACT

Background and aims: 58 million people live with chronic hepatitis C virus (HCV) infection which can
lead to liver cirrhosis and hepatocellular carcinoma (HCC). Currently, a non-interferon therapy based
on direct-acting antivirals (DAA) is the standard treatment of HCV infection. This study aimed to assess
the occurrence of HCC after treatment with DAA and evaluate whether the course of the disease and
liver function is different in patients treated with DAA compared to those who did not receive such
therapy. Materials and methods: We studied the population of adult patients from the 2015-2021
period and analyzed the demographic and clinical data, including alcohol abuse, liver enzymes, Child-
Pugh and model for end-stage liver disease scores, imaging tests, liver biopsy and elastography,
if performed. The Mann-Whitney U and the McNemar’s tests were used. The p-value was set at 0.05.
Results: The study included n=34 patients with HCC. In this group n=22 patients (61%) were diagnosed
with a chronic HCV infection and n=11 (50%) were receiving DAA treatment. Patients who were
receiving DAA developed multiple HCC significantly less often compared to patients not treated with
DAA (45.5% vs. 69.6%). We also observed a significantly less common occurrence of portal vein
thrombosis (8.7% vs. 18.2%) and distant metastases (0.0% vs. 13.0%) in patients with HCC receiving DAA.
Patients with HCC who underwent DAA therapy had significantly lower levels of serum liver enzymes
in comparison with patients diagnosed with HCC and not receiving DAA. Conclusions: HCC occurring
in patients treated with DAA was more often associated with lymphadenopathy, multiple tumors, portal
vein thrombosis and distant metastases probably due to restricted treatment qualification criteria. DAA
treatment led to a decrease in the inflammatory activity in the liver. It is important to adjust
qualification protocols so that all patients suffering from chronic HCV infection could receive the
treatment as soon as possible.
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1. Introduction

According to the World Health Organization (WHO) around
58 million people live with chronic hepatitis C virus (HCV)
infection. HCV is a bloodborne virus, transmitted mostly by
injecting drugs with unsterile needles, inadequate sterilization
of medical equipment, unscreened blood transfusions and
sometimes vertically and during sexual intercourse [1].

It is estimated that approximately 15-45% of HCV-
infected individuals have the capacity to spontaneously
clear HCV viraemia [2]. In the remaining population, it
advances to a chronic infection which means that HCV
viraemia is persistent for over 6 months [3]. Chronic HCV
infection and inflammation may lead to the development

of potentially life-threatening outcomes including liver
cirrhosis and hepatocellular carcinoma (HCC) [1]. HCC is
a widely occurring disease and is currently the fifth most
common cancer worldwide [4]. Liver cirrhosis is considered
one of the most common risk factors of HCC [5].

The aim of HCV treatment is to reach sustained
virological response (SVR). SVR is defined as a non-
detectable HCV RNA in the patient’s serum 3 months
after the end of the therapy [6]. The treatment
underwent a revolutionary change since the introduction
of direct-acting antivirals (DAA). Previously, pegylated
interferon (PEG-INF) in combination with ribavirin was
commonly used in the treatment of an HCV infection and
the successfulness of this therapy depended on the HCV
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genotype [7]. SVR rates in patients with genotype 1 were
approximately 42-46%, whereas in patients with non-type 1
genotype SVR reached 76-82% [8]. DAA paved the way to
the increase in SVR rates to over 90% [9].

DAA agents consist of three main groups, depending on
their target of action: NS3/4A inhibitors, NS5A protease
inhibitors and NS5B nucleoside and non-nucleoside
polymerase inhibitors [10]. The first DAA drugs, which were
boceprevir and telaprevir, were approved in combination
with PEG-IFN-alpha and ribavirin for the treatment of
a chronic HCV genotype 1 infection in 2011. Soon the non-
interferon DAA-based regimens became the standard HCV
infection therapy [11]. In Poland, the new therapeutic
options became available in 2015 [12].

As the new treatment began to be widely available, the
researchers took notice of HCC cases among patients
undergoing DAA therapy [13]. It is now suggested that the
virus eradication reduces the risk of HCC but does not
eliminate it completely. This is especially concerning for
patients with liver cirrhosis or previous HCC history.
The etiology of that phenomenon is multidirectional and
can depend on various factors [14]. In the available
literature, reports of early occurrence of HCC after
the DAA treatment can be found [15,16]. Therefore,
patients undergoing successful HCV treatment should be
monitored for the contingency of HCC occurrence [17].

This study aimed to assess the occurrence of HCC after
DAA treatment and evaluate whether the course of HCC
and liver function differ among the population of patients
treated with DAA and those who did not receive such
therapy.

2. Materials and Methods
2.1. Patients

This is an observative cohort retrospective study. We
studied the population of adult patients from the 2015-
2021 period. The inclusion criteria were: hepatocellular
carcinoma diagnosis, age >18 years. The exclusion criteria
were: another cancer diagnosis and non-specific liver
lesions occurrence.

2.2. Assessments

All  patients underwent physical examination,
laboratory tests, abdominal ultrasound examination,
transient elastography or histopathological examination of
the liver biopsy and abdominal computed tomography (CT)
or magnetic resonance imaging (MRI). We analyzed the
tumor size in patients with single and multiple lesions;
in patients with multiple lesions the size of the largest
tumor was used in the analysis.

We collected epidemiological data: age, gender,
comorbidities, alcohol abuse - which was defined as
consuming more than 14 units of alcohol a week, and
clinical data: serum bilirubin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), alkaline phosphatase (ALP) and alpha-
fetoprotein (AFP) concentrations, international normalized
ratio (INR), Child-Pugh and model for end-stage liver
disease (MELD) scores, imaging tests, liver biopsy and
elastography, if performed. In all patients HCV infection
and co-infections were identified. In the group undergoing
the DAA treatment, the composition of therapy and the

- 115 -

Prospects in Pharmaceutical Sciences, 22(3), 114-119. https://doi.org/ 10.56782/pps.236

response to treatment was evaluated.
2.3. Statistical analysis

The Mann-Whitney U test was performed to evaluate
the difference in the mean value among quantitative
variables. The McNemar’s test was used to determine
the difference in proportions between the paired data.
The p-value was set at 0.05. All statistical analyses were
performed using Python 3.7 software.

3. Results
3.1. Patients

Our study included n=34 patients (n=26 men, n=8
women), all of whom were diagnosed with HCC. In this
group n=22 patients (61%) were diagnosed with a chronic
HCV infection (n=17 men, n=5 women), n=2 patients had
a chronic HBV infection (n=2 men), n=10 patients had
alcohol-related liver disease (n=9 men, n=1 woman).
There were n=30 (83%) patients (n=23 men, n=7 women)
diagnosed with liver cirrhosis. In the study population
n=11 patients (32%) had chronic HCV infection and were
receiving DAA treatment (n=9 men, n=2 women) and the
rest of the analyzed patients (n=23) were not receiving it
(n=17 men, n=6 women), regardless the HCV status.
The characteristics of the patients are presented in Table 1.

Table 1. Baseline characteristics of the patients,
regardless the HCV status.

Patients not
Patients receiving
receiving DAA regardless
DAA (n=11) the HCV status
(n=23)

Characteristics of
the patients

p-
value

Age mean (min-max)

years 62.5 (42-79)  60.4 (36-76)  0.606

ALT mean (min-max)

U/L 61.5 (14-240) 100.6 (12-274) 0.041

AST mean (Min-Max) 25 3 95 105)  158.1 (33-670) 0.045

u/L

GGT mean (min- i 333.7 (22-

max) U/L 118.9 (18-495) 1315) 0.027
ALP mean (min-max) i 334.1 (38-

U/L 124.0 (44-289) 1491) 0.039
Total bilirubin mean 33.4 (8.7- 69.3 (10.8- 0.439
(min-max) pmol/L 149.4) 409.7) ’

INR ratio mean (min- 4 45 15 8)  1.4(0.9-2.5) 0.740

max) score

AFP mean (min-max) 1012.7 (2.1-  1012.8 (1.04- 0.568
IU/mL 10000.0) 10000.0) ’

Ca 19.9 mean (min- 95.0 (3.0- 92.7 (3.0- 0.736
max) U/mL 828.9) 1500.0) ’
Hemoglobin mean 12.4 (6.8- 12.4 (8.3- 0.685
(min-max) g/dL 15.7) 16.0) ’
Platelets mean (min-  128.7 (34.0- 184.6 (52.0- 0.544

max) G/L 229.0) 629.0)

Child-Pugh mean

(min-max) score 6.5 (5.0-11.0) 6.6 (5.0-11.0) 0.696

MELD mean (min- 12.0 (3.0- 12.0 (4.0-

max) score 23.0) 32.0) 0.644

Alcohol abuse n (%) 3(27.3) 7 (30.4) 0.796




In comparison to patients diagnosed with HCC and not
receiving DAA treatment, patients with HCC who
underwent DAA therapy had significantly lower serum
levels of AST, ALT, GGT and ALP. Table 2 presents the
differences among basic characteristics in patients with
a chronic HCV infection who were and were not receiving
the DAA therapy.

Table 2. Baseline characteristics of the patients with
a chronic HCV infection.
Patients
with HCV Patients with

Characteristics of infection HCV infection

p-value
the patients receiving not receiving
DAA DAA (n=11)
(n=11)
Age mean (min- 62.5 (42-
63.0 (50-76) 1.000
max) years 79)
ALT mean (min- 61.5 (14- 100.5 (12-
0.178
max) U/L 240) 274)
AST mean (min- 73.3 (25- 136.1 (38- 0.131
max) U/L 195) 335) '
GGT mean (min- 118.9 (18- 105.1 (22-
0.554
max) U/L 495) 182)
ALP mean (min- 124.0 (44- 144.1 (38- 0.511
max) U/L 289) 386) ’
Total bilirubin
. 33.4 (8.7- 22.4 (13.5-
mean (min-max) 0.743

umol/L 149.4) 39.3)

INR mean (min-
1.4 (1-2.8) 1.4 (1.0-2.4) 0.743

max) score
1012.7
AFP mean (min- 507.4 (4.18-
(2.1- 0.743
max) IU/mL 3600.0)
10000.0)
Ca 19.9 mean (min- 95.01 (3-
19.31 (3-95) 0.685
max) U/mL 828.9)
Hemoglobin mean 12.4 (6.8- 13.6 (10.4-
0.767
(min-max) g/dL 15.7) 16.0)
Platelets mean 128.7 (34- 116.9 (57-
0.844
(min-max) G/L 229) 198)
Child-Pugh mean
6.4 (5-11) 5.8 (5-7) 0.861

(min-max) score

MELD mean (min-
12 (3-23) 10.8 (6-20) 0.306
max) score

Alcohol abuse n (%) 3(27.3) 3(27.3) 1.000

We did not observe significant differences in laboratory
tests results between patients with both chronic HCV
hepatitis and HCC who were and were not receiving DAA
therapy. The underlying reason for this might have been
the small number of patients in the analyzed groups.

3.2. DAA therapy.

Among n=11 patients treated with DAA, various
compositions of the therapy were used. The applied drugs
are presented in Table 3.
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Table 3. DAA treatment compositions in the studied
patients.

DAA treatment composition n (%)
Ledipasvir + sofosbuvir 3(27.3)
Sofosbuvir + velpatasvir 1(9.1)
Ledipasvir + sofosbuvir + ribavirin 3(27.3)
Sofosbuvir + ribavirin + PEG-IFN 1(9.1)
Dasabuvir + ombitasvir 2 (18.2)
Sofosbuvir + velpatasvir + ribavirin 19.1)

In n=2 of n=11 patients the treatment was ceased due
to a decompensation of liver function. In both patients
HCC diagnosis was later confirmed; n=1 patient stopped
the treatment after one week and the other one after
10 weeks. All of the n=9 remaining patients (82%)
completed the therapy successfully and reached SVR
after 12 weeks. Among these patients, HCC was
diagnosed 1-6 years after the end of the DAA treatment.

3.3. HCC characteristics

All patients participating in the study underwent
abdominal ultrasound examination, followed by a CT or
an MRI of the abdomen. We compared the size of the tumor,
number of lesions, intraabdominal lymphadenopathy,
splenomegaly, portal vein thrombosis (PVT), presence of
metastases and liver cirrhosis. The tumor characteristics
of the studied patients are presented in Table 4.

Table 4. Tumor characteristics among patients
receiving and not receiving DAA treatment, regardless the
HCV status.

Patients Patients not
Characteristics. receiving receiving p-value
DAA (n=11).  DAA (n=23).

Tumor size mean 45.18 (7- 66.7 (15- 0.246
(min-max) mm 133) 172) :
gl;lt'ple umorsn - 5 45,5 16 (69.6)  0.033
Lymphadenopathy 34 4) 4(16.4) 0.546
n (/%)

f‘;;emmegaly n 3(27.3) 6 (26.1) 0.789
PVT n (%) 2 (18.2) 2 (8.7) 0.035
Distant

metastases n (%) 0(0.0) 3 (13.0) 0.033
Cirrhosis n (%) 10 (90.9) 20 (86.9)  0.000

45.5% of the patients who were receiving DAA
treatment developed multiple HCC, whereas among
patients who were not receiving DAA treatment, multiple
HCC were diagnosed in 69.6% and this difference was
statistically significant. Another significant difference
concerned PVT and distant metastases. PVT was present



in 18.2% of the patients who were receiving and in 8.7% of
those who were not receiving DAA treatment. Distant
metastases for these groups were detected in 0.0% and
13.0%, respectively. Furthermore, we also compared those
characteristics in patients with a chronic HCV infection
who were and were not receiving the DAA treatment.
The results are presented in Table 5.

Table 5. Tumor characteristics among patients with
a chronic HCV infection receiving and not receiving DAA
treatment.

Patients with Patients with

HCV infection = HCV infection p-
Characteristics

receiving not receiving  value
DAA (n=11). DAA (n=11).
Tumor size mean 46.63 (15-
45.18 (7-133) 0.870
(min-max) mm 160)
Multiple tumors n
5 (45.5) 7 (63.6) 0.782
(%)
Lymphadenopath
ymp P 4 (36.4) 1(9.1) 0.034
yn (%)
Splenomegaly n
3(27.3) 5 (45.5) 0.405
(%)
PVT n (%) 2 (18.2) 0 (0.0) 0.003
Distant
0 (0.0) 0 (0.0) 1.000
metastases n (%)
Cirrhosis n (%) 10 (90.9) 11 (100.0) 0.004

We did not observe similar correlation in the
occurrence of multiple tumors and distant metastases in
patients with chronic HCV hepatitis. However, we
observed that PVT was diagnosed significantly more often
among patients receiving DAA therapy compared to those
who were not receiving it (18.2% vs. 0.0%). Moreover,
abdominal lymphadenopathy was observed significantly
more often in the group of patients treated with DAA
compared to the other group (36.4% vs. 9.1%).

In our observation n=1 patient who was receiving DAA
treatment in the past developed HCC without the diagnosis
of liver cirrhosis. There was no such patient in the group of
individuals with HCV hepatitis who were not receiving DAA
therapy.

4. Discussion

Our findings point that many people with liver disease
are at risk of developing HCC, regardless of the etiology of
the primary disease. The population of patients with liver
cirrhosis is especially susceptible to the development of
HCC. HCV infection remains one of the most common
causes of liver cirrhosis worldwide [18]. It is estimated that
0.6% of the Polish population is infected with HCV [19].
The introduction of DAA therapy was a milestone in
combating HCV which allows to reach SVR, regardless of
the HCV genotype, in over 90% of cases [9,20].
As a consequence of DAA therapy becoming more and more
available, the WHO Global Health Sector Strategy (GHSS)
on viral hepatitis designed a program for the elimination of
viral hepatitis as a public health problem by 2030 [21].
Shortly after the introduction of DAA treatment, reports of
high HCC incidence after that therapy emerged [22,23].
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However, according to the current knowledge, DAA
treatment does not increase the risk of HCC development
[24,25].

We observed lower serum levels of AST, ALT, GGT and
ALP among patients who were receiving DAA therapy in
comparison to those who were not receiving the
treatment. That finding leads us to the conclusion that
DAA therapy may lower the inflammatory activity in the
liver. Other studies seem to support this thesis. Cento
et al. also observed the lowering of ALT levels and
implied that DAA can possibly set the process of ,,cell-
cure” since that treatment regimen provokes liver cells
death to a lesser extent than INF-based therapies [26].
In contrast, a study by Liu et al. points out the possibility
of the elevation of ALT during the therapy [27]. However,
in that study the elevation of transaminases’ levels did
not lead to the lower efficacy of the treatment. Although
in other studies such elevation could possibly result in the
premature termination of the therapy [28,29].
Furthermore, a study by Orzechowska et al. confirms the
lowering of GGT concentrations after DAA treatment and
even suggests that the persistence of high GGT paired
with high AFP levels after the treatment may be a risk
factor for HCC development [30].

Additionally, our study also showed that patients
diagnosed with HCC regardless of the chronic liver disease
etiology who were not receiving DAA therapy were more
likely to present lymphadenopathy and distant metastases
at the point of diagnosis in comparison to patients
undergoing the therapy. In contrast, while analyzing only
HCV-infected patients, lymphadenopathy and PVT were
present at the point of diagnosis significantly more often
among patients receiving DAA compared to the patients
who were not receiving the treatement. In the available
literature there are other studies where similar results
were obtained. The researchers from Egypt observed
lymphadenopathy and PVT more frequently among
patients treated with DAA compared to the patients
undergoing other therapy regimens [31]. Moreover, other
studies suggest that in DAA-treated patients HCC reaches
more advanced stages and its behavior may be more
aggressive [32,33]. There are also studies which imply
that there are no significant differences in the course of
HCC among patients who were and were not treated with
DAA [34]. In the studies which report more aggressive
course of HCC after DAA therapy, the possible reason may
be different qualification criteria for the therapy. During
the first years of DAA regimens in Poland not every HCV-
infected individual could receive this type of treatment.
To undergo the therapy the patient needed to have
a history of unsuccessful IFN-based treatment or the
minimum of stage 2 fibrosis, with the priority for patients
with liver cirrhosis [35]. With the increase in the
availability of DAA in Poland, the criteria for the
treatment became less rigorous and now it is possible for
every patient with chronic HCV infection to receive DAA
treatment [36]. Our study included patients hospitalized
between 2015 and 2021, therefore for some of them the
more restricted criteria for DAA regimen therapy were
applied.

5. Conclusions

HCC is prevalent among patients with underlying liver
cirrhosis, regardless of the cause of the disease. In our



findings, HCC occurring in patients treated with DAA was
more often associated with lymphadenopathy, multiple
tumors, PVT and distant metastases. The reason for that
was probably restricted qualification criteria for the
treatment, especially advanced liver cirrhosis. However,
DAA treatment led to a decrease in the inflammatory
activity in the liver. Therefore it is important to adjust
qualification protocols so that all patients suffering from
chronic HCV infection could receive the treatment as soon
as possible.

Ethics approval and registration: Ethical approval for this
study was obtained from Ethics Committee of the Medical
University of Warsaw, Poland (AKBE/118/2021). The study
was registered on clinicaltrials.gov with the number
NCT05376943.

Data availability: The full study protocol is available upon
request.

Author Contributions: Conceptualization, A.L., A.Z., T.M.
and J.J.; methodology, A.L., A.Z., T.M. and J.J.;
investigation, A.L., A.Z., T.M., J.J., S.B. and B.B.; data
curation, A.L., A.Z., T.M. and J.J.; writing—original draft
preparation, A.L., A.Z., T.M., J.J., S.B. and B.B.;; writing—
review and editing, A.L., S.B. and B.B.; supervision, A.W.-
D.; AUl authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Informed consent was
obtained from all subjects involved in the study.

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

References:

1. Hepatitis C. Available online: https://www.who.int/
news-room/fact-sheets/detail/hepatitis-c (accessed on
09.03.2024)

2. Freiman, J.M.; Wang, J.; Easterbrook, P.J.; et al.
Deriving the optimal limit of detection for an HCV
point-of-care test for viraemic infection: Analysis of a
global dataset. J. Hepatol. 2019, 71(1), 62-70.
DOI:10.1016/j.jhep.2019.02.011

3. Moosavy, S.H.; Davoodian, P.; Nazarnezhad, M.A.; et al.
Epidemiology, transmission, diagnosis, and outcome of
Hepatitis C virus infection. Electron. Physician 2017,
9(10), 5646. DOI:10.19082/5646

4. safo-Agyei, K.O.; Samant, H. Hepatocellular
Carcinoma. In StatPearls [Internet]. StatPearls
Publishing. Published online June 12, 2023. Available
online: https://www.ncbi.nlm.nih.gov/books/
NBK559177/ (accessed on 09.03.2024).

5. Reddy, K.R.; McLerran, D.; Marsh, T.; et al. Incidence
and Risk Factors for Hepatocellular Carcinoma in
Cirrhosis: The Multicenter Hepatocellular Carcinoma
Early Detection Strategy (HEDS) Study.
Gastroenterology 2023, 165(4), 1053-1063.e6.
DOI:10.1053/J.GASTR0O.2023.06.027

6. Ahmed, O.A.; Elsebaey, M.A.; Fouad, M.H.A.; et al.
Outcomes of Treatment and Predictors of Response to
Sofosbuvir Plus Simeprevir in Hepatitis C Virus with
Genotype-4 Infection. Infect. Disord. Drug Targets
2020, 20(3), 389-395. DOI:10.2174/187152651966618

- 118 -

Prospects in Pharmaceutical Sciences, 22(3), 114-119. https://doi.org/ 10.56782/pps.236

1218104600

7. Wang, M.; Zhang, Y.; Li, Z.; et al. Hepatitis C virus

(HCV) genotype 2a has a better virologic response to
antiviral therapy than HCV genotype 1b. Int. J. Clin.
Exp. Med. 2015, 8(5), 7446-7456.

8. Liu, T.; Sha, K.; Yang, L.; et al. IL-28B Polymorphisms

Correlated with Treatment Response in HCV-4 Mono-
Infected Patients: A Meta-Analysis. PLoS One 2014,
9(3), Art. No: €98312. DOI:10.1371/JOURNAL.PONE.
0091316

9. Daniel, K.E.; Saeian, K.; Rizvi, S. Real-world

experiences with direct-acting antiviral agents for
chronic hepatitis C treatment. J. Viral Hepat. 2020,
27(2), 195-204. DOI:10.1111/JVH.13218

. Asselah, T.; Marcellin, P. Direct acting antivirals for

the treatment of chronic hepatitis C: one pill a day
for tomorrow. Liver Int. 2012, 32 Suppl. 1, 88-102.
DOI:10.1111/J.1478-3231.2011.02699.X

. Ghany, M.G.; Nelson, D.R.; Strader, D.B.; et al. An

Update on Treatment of Genotype 1 Chronic
Hepatitis C Virus Infection: 2011 Practice Guideline
by the American Association for the Study of Liver
Diseases. Hepatology 2011, 54(4), 1433-1444.
DOI:10.1002/HEP.24641

Flisiak, R.; Urbanek, P.; Rokusz, L.; et al. New
therapeutic options for HCV in Central Europe. Clin.
Exp. Hepatol. 2016, 2(1), 7-11. DOI:10.5114/
CEH.2016.58850

Kozbial, K.; Moser, S.; Schwarzer, R.; 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(4),
856-858. DOI:10.1016/J.JHEP.2016.06.009

loannou, G.N. HCC surveillance after SVR in patients
with F3/F4 fibrosis. J. Hepatol. 2021, 74(2), 458-
465. DOI:10.1016/J.JHEP.2020.10.016

. Kolly, P.; Waidmann, O.; Vermehren, J.; et al.

Hepatocellular carcinoma recurrence after direct
antiviral agent treatment: A European multicentre
study. J. Hepatol. 2017, 67(4), 876-878.
DOI:10.1016/J.JHEP.2017.07.007

. Cardoso, H.; Vale, A.M.; Rodrigues, S.; et al. High

incidence of hepatocellular carcinoma following
successful interferon-free antiviral therapy for
hepatitis C associated cirrhosis. J. Hepatol. 2016,
65(5), 1070-1071. DOI:10.1016/J.JHEP.2016.07.027

. Kanda, T.; Lau, G.K.K.; Wei, L.; et al. APASL HCV

guidelines of virus-eradicated patients by DAA on
how to monitor HCC occurrence and HBV
reactivation. Hepatol. Int. 2019, 13(6), 649-661.
DOI:10.1007/512072-019-09988-7

. Sepanlou, S.G.; Safiri, S.; Bisignano, C.; et al. The

global, regional, and national burden of cirrhosis by
cause in 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease
Study 2017. Lancet Gastroenterol. Hepatol. 2020,
5(3), 245-266. DOI:10.1016/52468-1253(19)30349-8

. Flisiak, R.; Halota, W.; Tomasiewicz, K.; et al.

Forecasting the disease burden of chronic hepatitis



Prospects in Pharmaceutical Sciences, 22(3), 114-119. https://doi.org/ 10.56782/pps.236

20.

21

22

23.

24.

25.

26.

27

28

29

30

C virus in Poland. Eur. J. Gastroenterol. Hepatol.

2015, 27(1), 70-76. DOI:10.1097/MEG.0000000000
000237
Lawitz, E.; Sulkowski, M.S.; Ghalib, R.; et al.

Simeprevir plus sofosbuvir, with or without ribavirin,
to treat chronic infection with hepatitis C virus
genotype 1 in non-responders to pegylated interferon
and ribavirin and treatment-naive patients: the
COSMOS randomised study. Lancet 2014, 384(9956),
1756-1765. DOI:10.1016/50140-6736(14)61036-9

. Easterbrook, P.; Luhmann, N.; Newman, M.; et al. New

WHO guidance for country validation of viral hepatitis
B and C elimination. Lancet Gastroenterol. Hepatol.
2021, 6(10), 778-780. DOI:10.1016/52468-1253(21)
00267-3

. Reig, M.; Marino, Z.; Perello; C.; et al. Unexpected

high rate of early tumor recurrence in patients with
HCV-related HCC undergoing interferon-free therapy.
J. Hepatol. 2016, 65(4), 719-726. DOI:10.1016/
J.JHEP.2016.04.008

Conti, F.; Buonfiglioli; F.; Scuteri, A.; et al. Early
occurrence and recurrence of hepatocellular
carcinoma in HCV-related cirrhosis treated with
direct-acting antivirals. J. Hepatol. 2016, 65(4), 727-
733. DOI:10.1016/J.JHEP.2016.06.015

Frazzoni, L.; Sikandar, U.; Metelli, F.; et al.
Hepatocellular Carcinoma Recurrence after Hepatitis
C Virus Therapy with Direct-Acting Antivirals. A
Systematic Review and Meta-Analysis. J. Clin. Med.

2021, 10(8), Art. No: 1694. DOI:10.3390/
JCM10081694
Waziry, R.; Hajarizadeh, B.; Grebely, J.; et al.

Hepatocellular carcinoma risk following direct-acting
antiviral HCV therapy: A systematic review, meta-
analyses, and meta-regression. J. Hepatol. 2017,
67(6), 1204-1212. DOI:10.1016/J.JHEP.2017.07.025

Cento, V.; Nguyen, T.H.T.; Di Carlo, D.; et al.
Improvement of ALT decay kinetics by all-oral HCV
treatment: Role of NS5A inhibitors and differences
with IFN-based regimens. PLoS One 2017, 12(5), Art.
No: e0177352. DOI:10.1371/JOURNAL.PONE.0177352

. Liu, Y.C.; Jeng, W.J.; Cheng, Y.T.; et al. Incidence and

predictors for abnormal liver function during direct-
acting antiviral agents in chronic hepatitis C patients.
Medicine 2020, 99(37), Art. No €21898. DOI:10.1097/
MD.0000000000021898

. Asselah, T.; Kowdley, K.V.; Zadeikis, N.; et al. Efficacy

of Glecaprevir/Pibrentasvir for 8 or 12 Weeks in
Patients With Hepatitis C Virus Genotype 2, 4, 5, or 6
Infection Without Cirrhosis. Clin. Gastroenterol.
Hepatol. 2018, 16(3), 417-426. DOI:10.1016/J.CGH.
2017.09.027

. Puoti, M.; Foster, G.R.; Wang, S.; et al. High SVR12

with 8-week and 12-week glecaprevir/pibrentasvir
therapy: An integrated analysis of HCV genotype 1-6
patients without cirrhosis. J. Hepatol. 2018, 69(2),
293-300. DOI:10.1016/J.JHEP.2018.03.007

. Orzechowska, D.; Klimowicz, K.; Stepien, A.; et al.

Change in y-glutamyl transpeptidase activity as a
useful tool in identifying a group of patients with
elevated risk of hepatocellular  carcinoma

- 119 -

31

32

33

34

35

36.

development after DAA treatment of chronic
hepatitis C. Clin. Exp. Hepatol. 2021, 7(1), 93-100.
DOI:10.5114/CEH.2021.104466

. Abdelaziz, A.O.; Nabil, M.M.; Abdelmaksoud, A.H.; et
al. Tumor behavior of hepatocellular carcinoma
after hepatitis C treatment by direct-acting
antivirals: comparative analysis with non-direct-
acting  antivirals-treated  patients.  Eur. J.
Gastroenterol. Hepatol. 2019, 31(1), 75-79.
DOI:10.1097/MEG.0000000000001264

. El Fayoumie, M.; Abdelhady, M.; Gawish, A.; et al.
Changing Patterns of Hepatocellular Carcinoma after
Treatment  with Direct  Antiviral  Agents.
Gastrointest.  Tumors 2020, 7(1-2), 50-60.
DOI:10.1159/000505326

. Fouad, M.; El Kassas, M.; Ahmed, E.; El Sheemy, R.
Tumor characteristics of hepatocellular carcinoma
after direct-acting antiviral treatment for hepatitis
C: Comparative analysis with antiviral therapy-naive
patients. World J. Hepatol. 2021, 13(11), 1743-
1752. DOI:10.4254/WJH.V13.111.1743

. Fatima, T.; Mumtaz, H.; Khan, M.H.; et al. Patterns
of Hepatocellular Carcinoma After Direct Antiviral
Agents and Pegylated-Interferon Therapy. Cureus
2020, 12(11), Art. No: e11565. DOI:10.7759/
CUREUS. 11565

. Rekomendacja nr 24/2015 z dnia 30 marca 2015 r.
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mg, 7 kapsutek, stosowanego w ramach programu
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zapalenia watroby typu C terapia bezinterferonowa
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