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also one of the most important predictors de‑
termining the effectiveness of antiviral thera‑
py. At that time, GT1 and GT4 ‑infected patients 
treated with pegylated IFN (pegIFN) and riba‑
virin (RBV) were considered “difficult to treat” 
due to lower effectiveness when compared with 
GT2‑ and GT3 ‑infected individuals.3,4 The situ‑
ation changed with the availability of the first 
direct ‑acting antivirals (DAA) in 2011, telapre‑
vir and boceprevir, which were registered to use 
with pegIFN+RBV in patients with GT1 infec‑
tion only, while the combination with the next‑
‑generation DAAs, simeprevir (SMV), and dacla‑
tasvir (DCV) widened the therapeutic options 

INTROduCTION According to the most recent 
data provided by the World Health Organiza‑
tion (WHO), there are 58 million people glob‑
ally chronically infected with hepatitis C virus 
(HCV).1 Nearly 400 000 deaths each year caused 
by chronic hepatitis C (CHC) are reported world‑
wide, mainly from its severe complications, in‑
cluding liver cirrhosis and hepatocellular carci‑
noma (HCC).2

The risk of progression of liver fibrosis leading 
to cirrhosis equals 20%, but the incidence varies 
with the host and viral predictors, one of which 
is the HCV genotype (GT).2 In the era of inter‑
feron (IFN)‑based regimens, HCV genotype was 
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INTROduCTION The highly effective and safe interferon (IFN)‑free options were a breakthrough in 
the treatment of patients infected with hepatitis C virus (HCV).
ObjECTIvEs The current analysis was designed to evaluate changes in the patient profile and antiviral 
treatment characteristics over time.
PATIENTs ANd mEThOds The study population consisted of 963 consecutive HCV ‑infected patients 
who started IFN ‑free regimens between July 2015 and December 2020 in the Department of Infectious 
Diseases in Kielce, Poland. The analysis was carried out for 5 time intervals.
REsuLTs The studied group was sex ‑balanced, with the median (interquartile range) age changing 
from 58 (44.8–63) in 2015–2016 to 43 (35–61) in 2020. The proportion of patients with comorbidities 
decreased over the years. The rate of treatment ‑naïve individuals increased from 40.9% in 2015–2016 to 
91% in 2020, while the percentage of patients with liver cirrhosis decreased from 51.1% in 2015–2016 
to 13.3% in 2020. Genotype ‑specific regimens dominated in the years 2015–2017, while pangenotypic 
options gained an advantage in 2019 and reached 91% in 2020. Overall effectiveness achieved 98.4% 
in the per ‑protocol analysis and was comparable over the years with lower efficacy among patients 
with liver cirrhosis and those infected with genotype 3. The therapy was well ‑tolerated, and the safety 
profile improved over time.
CONCLusIONs The median age of HCV ‑infected patients decreased over the years. They were less bur‑
dened with comorbidities and comedications, more likely to be treatment ‑naïve, and had less advanced 
liver disease. The genotype ‑specific regimens, predominantly used at the beginning of the IFN ‑free era, 
were superseded by the pangenotypic regimens.
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antiviral treatment at the Department of Infec‑
tious Diseases, Provincial Hospital in Kielce, 
from July 1, 2015, through December 31, 2020. 
The treatment was based on IFN ‑free regimens 
fully reimbursed by the NFZ. The regimen, dos‑
age, and length of the treatment course were se‑
lected by the treating physician from available 
therapeutic options and administered according 
to the protocol of the NFZ therapeutic program, 
product characteristics, and recommendations 
of the PGE HCV.9-13

data collection The patients provided informed 
consent for the treatment and processing of their 
personal data. The data were collected retrospec‑
tively using a hospital database. The study popula‑
tion was divided into 5 groups based on the time 
of treatment initiation: 2015–2016, 2017, 2018, 
2019, and 2020. These 5 groups were compared 
for demographic and clinical characteristics, in‑
cluding age, sex, body mass index (BMI), HCV 
genotype, comorbidities, concomitant medica‑
tions, severity of liver disease, and treatment 
regimens.

Assessment of liver disease severity The stage 
of liver fibrosis was evaluated using real ‑time 
shear ‑wave elastography with an Aixplorer device 
(SuperSonic Imagine, Aix‑en‑Provence, France) 
and defined as F0–F4 according to the META‑
VIR score.16 The cutoffs for the prediction of 
F0–F1 and F2 were adopted at the level of 5 and 
7 kilopascals, respectively. Advanced liver fi‑
brosis was determined as F3 and liver cirrho‑
sis was determined as F4, and the cutoff levels 
of 9 and 13 kilopascals were used to predict F3 
and F4, respectively.17,18 The patients with liv‑
er stiffness corresponding to F4 were evaluated 
for the presence of esophageal varices and rat‑
ed using the Child–Pugh scale.19 Data regard‑
ing liver decompensation were captured before 
treatment and at the baseline. The incidence of 
HCC and liver transplantation was assessed be‑
fore treatment.

Assessment of treatment effectiveness Sustained 
virological response (SVR) was the efficacy end 
point. It was defined as undetectable HCV RNA 
at  least 12 weeks after the end of treatment 
(EOT). The concentration of HCV RNA was mea‑
sured using the Xpert HCV Viral Load real ‑time 
assay (Cepheid, Sunnyvale, California, United 
States) with a lower limit of detection of 10 IU/ml. 
The patients lost to the follow ‑up were consid‑
ered non virologic failures due to no HCV RNA 
assessment, whereas those with detectable vire‑
mia 12 weeks after the EOT were considered vi‑
rologic non responders.

Assessment of safety Safety outcomes were col‑
lected during the treatment and followed for 12 
weeks after the EOT. The following information 
was gathered during the treatment course and 
follow ‑up period: therapy course modification 

also for GT4 ‑infected patients.5-7 The possibility 
of using triple therapy in patients infected with all 
HCV genotypes appeared with the registration of 
sofosbuvir (SOF), the first drug to be used with‑
out IFN, thus opening the era of IFN ‑free thera‑
py in the treatment of HCV.8

DAAs became available to Polish patients in 
mid ‑2015 under a therapeutic program reim‑
bursed by the Polish National Health Fund (Nar‑
odowy Fundusz Zdrowia, NFZ). From the begin‑
ning, there were no limitations regarding liver 
fibrosis, genotype, history of previous therapy, 
and co ‑infections. The order of treatment and 
the choice of the therapeutic regimen were en‑
tirely decided by the attending physician, guid‑
ed by the stage of the liver disease, previous in‑
effective therapies, and according to the current 
medical knowledge, recommendations of the Pol‑
ish Group of Expert for HCV (PGE HCV), and 
drug labels.9-13 Initially, due to the long waiting 
list of patients, priority was given to those who 
previously had limited access to the therapy due 
to IFN contraindications or intolerability, and to 
patients who were expected to have poor treat‑
ment outcomes.

The patients with liver cirrhosis were a spe‑
cial group awaiting therapy, whom the substan‑
tially higher efficacy and a better safety profile of 
DAA offered a chance for the effective treatment.

The prognosis of patients infected with GT3, 
for whom the only available IFN ‑free option at the 
beginning of the DAA era was a suboptimal reg‑
imen of SOF+RBV, improved with the introduc‑
tion of pangenotypic regimens.14,15 The priori‑
tization of particular patient groups, the emer‑
gence of new therapeutic options, and demo‑
graphic changes in the HCV ‑infected population 
influenced the profile of patients treated during 
the several years of DAA availability.15

Analysis of the evolution of data is essential to 
provide the highest standard of care tailored to 
the population. Therefore, the current study was 
designed to evaluate the changes in patient pro‑
files and HCV therapeutic options and to assess 
the treatment efficacy and safety in real world 
experience after more than 5 years of access to 
IFN ‑free therapy.

PATIENTs ANd mEThOds study population  
The data analyzed in the study were collected 
from consecutive patients with CHC who initiated 

whAT’s NEw?

The introduction of interferon ‑free therapy was a revolution in the treatment 
of patients infected with hepatitis C virus (HCV), and raised the hope of elimi‑
nating HCV as a significant public problem. This analysis describes changes 
in patient characteristics and therapeutic options along with their efficacy 
and safety over the years. We believe that our research, which also covers 
the time of the COVID‑19 pandemic, provides valuable data to predict HCV 
eradication. Furthermore, it can contribute to ensuring the highest standard 
of care tailored to the treated population.
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was observed in consecutive years, both in men 
and women. The median (IQR) age at enrollment 
ranged from 58 (44.8–63) years in 2015–2016 
to 43 (35–61) years in 2020. The majority of pa‑
tients qualified for the treatment were over 30 
years of age. Women were older, with a median 
(IQR) age of 59 (55.3–65) years in 2015–2016, 
and 43 (35.5–61.5) years in 2020. Men were old‑
er only in 2019, with a median (IQR) age of 42 
(35.8–60) years (TAbLE 1).

The  age distribution graph demonstrates 
the increase in the number of patients treated 
at the age of 31 to 35 years as compared with 
the first time interval, where the age of treat‑
ment initiation showed 2 peaks, a lower one for 
36–40 years, and a dominant one for 56–60 years 
(FIGuRE 1).

The patient BMI remained nearly the same 
throughout all 5 time intervals (TAbLE 1). The ma‑
jority of patients included in the analysis had co‑
morbidities, with the most common being arteri‑
al hypertension and diabetes at all time intervals. 
The prevalence of hypertension and diabetes de‑
creased from 2015–2016 to 2019, and then it was 
higher in the last time interval. An upward ten‑
dency in 2020 was also visible in the case of pa‑
tients with chronic kidney diseases. An increase 
in non ‑HCC tumors was recorded from 3.4% in 
2015–2016 to 7.1% in 2020.

Along with the decrease in the proportion of 
comorbidities over the years, a systematic decline 
in the proportion of patients taking concomi‑
tant medications was documented, from 76.1% 
in 2015–2016 to 52.2% in 2020 (TAbLE 1).

Characteristics of liver disease The most com‑
mon genotype was GT1b for all 5 time intervals, 
with a reduction in percentage in favor of GT3 in 

or discontinuation, the occurrence of adverse 
events (AE), severe AEs, and death. AEs of par‑
ticular interest, related directly to the liver func‑
tion, involved gastrointestinal bleeding, ascites, 
and encephalopathy, and were monitored in pa‑
tients with liver cirrhosis.

Ethics Ethics committee approval was not nec‑
essary. This observational study was conducted 
in real ‑world settings with registered medica‑
tions. The patients were not exposed to any exper‑
imental interventions. The study did not change 
the patients’ clinical management. The data were 
originally collected not for scientific purposes 
but to assess treatment efficacy and safety. Due 
to the study’s retrospective design, patient con‑
sent was not required. Patient data were gathered 
and analyzed according to the applicable person‑
al data protection principles.

statistical analysis Continuous data were pre‑
sented as mean (SD), median and interquar‑
tile ranges (IQR), whereas categorical data were 
expressed as numbers and percentages. All pa‑
tients who initiated the treatment were included 
in the intent ‑to ‑treat (ITT) analysis. Per ‑protocol 
(PP) analysis appraised patients who had HCV 
RNA evaluation 12 weeks after the treatment 
completion.

REsuLTs Patient characteristics A  total of 
963 patients were included in the  analysis. 
The 5 groups, according to the date of therapy 
initiation, included 176 (2015–2016), 202 (2017), 
271 (2018), 201 (2019), and 113 (2020) patients. 
The study population was sex ‑balanced, with 
a minor predominance of women until 2019, and 
slightly more men in 2020. A reduction in age 

TAbLE 1 Baseline characteristics of patients in 5 time intervals

Parameter 2015–2016 2017 2018 2019 2020

Patients, n 176 202 271 201 113

Sex, n (%) Women 102 (58) 101 (50) 158 (58.3) 113 (56.2) 51 (45.1)

Men 74 (42) 101 (50) 113 (41.7) 88 (43.8) 62 (54.9)

Age, median (IQR) 58 (44.8–63) 53.5 (37–64.8) 46 (35–64) 42 (34–60) 43 (35–61)

Women 59 (55.3–65) 59 (42–67) 49.5 (34.3–67) 41 (32–60) 43 (35.5–61.5)

Men 52.5 (40–60) 48 (35–61) 43 (35–61) 42 (35.8–60) 43 (35–60.3)

BMI, kg/m2, mean (SD); 
min ‑max

26.3 (4.5); 
17.5–44.9

26.4 (4.4); 
17.8–44.1

25.5 (4.5); 
15.6–45

25.6 (4.7); 
17.5–41.3

25.8 (4.3); 
18.1–41.2

Comorbidities, n (%)

Any comorbidity 152 (86.4) 154 (76.2) 219 (80.8) 149 (74.1) 78 (69)

Hypertension 76 (43.2) 75 (37.1) 96 (35.4) 53 (26.4) 37 (32.7)

Diabetes 35 (19.9) 26 (12.9) 30 (11.1) 16 (8) 10 (8.8)

Renal disease 17 (9.7) 20 (9.9) 26 (9.6) 6 (3) 13 (11.5)

Autoimmune diseases 22 (12.5) 2 (1) 23 (8.5) 18 (9) 3 (2.7)

Non ‑HCC tumors 6 (3.4) 5 (2.5) 18 (6.6) 15 (7.5) 8 (7.1)

Other 140 (79.5) 142 (70.3) 189 (69.7) 132 (65.7) 70 (61.9)

Concomitant 
medications, n (%)

134 (76.1) 130 (64.4) 172 (63.5) 126 (62.7) 59 (52.2)

Abbreviations: BMI, body mass index; HCC, hepatocellular carcinoma; IQR, interquartile range
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time interval to 33.4% (Supplementary materi‑
al, Table S1).

Treatment characteristics The rate of treatment‑
‑naïve patients was 40.9% in 2015–2016 and then 
systematically increased at consecutive time inter‑
vals until 2019, when it was 94%, while in 2020, 
there was a slight decrease to 91.2% (TAbLE 3).

The most common type of non response in 
previous treatment failures was a null response 
in the first analyzed period and relapse during 

2019 and 2020 (TAbLE 2). A history of HCC and liver 
transplantation was documented more frequent‑
ly at the beginning of the IFN ‑free era.

The rate of patients diagnosed with liver cir‑
rhosis (F4) at the baseline decreased significant‑
ly from 51.1% in 2015–2016, through 22.3% in 
2017, to 11.8% in 2018. An upward trend was ob‑
served in subsequent years, reaching 12.4% and 
13.3% in 2019 and 2020, respectively. Addition‑
ally, the percentage of patients who scored B and 
C on the Child–Pugh scale increased in the last 

FIGuRE 1 Age distribution in all patients treated in 5 time intervals (A) and in women and men in the following years: 
2015–2016 (b), 2017 (C), 2018 (d), 2019 (E), 2020 (F)
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and SOF/velpatasvir ± RBV. Among the currently 
used therapeutic options, genotype ‑specific reg‑
imens accounted for over 90% of treatments in 
2015–2017, and in 2020 new pangenotypic reg‑
imens accounted for such a percentage (Supple‑
mentary material, Figure S1).

Treatment effectiveness A total 937 out of 963 
patients responded to the therapy representing 
an SVR of 97.3% in the ITT analysis. After ex‑
cluding 11 patients (1.1%) lost to the follow ‑up, 
the efficacy rate was 98.4%. The lowest effective‑
ness was achieved with SOF+RBV and ASV+DCV 
combinations, 93.9% and 94.1% in PP analysis, 
respectively. The remaining genotype ‑specific and 
pangenotypic regimens resulted in high and com‑
parable effectiveness exceeding 98% (TAbLE 4).

the remaining time intervals. The most com‑
monly used regimen in the previous treatment 
course was a combination of pegIFN and RBV 
until 2019 (58%–80%), whereas in 2020, half of 
the 10 previous ineffective therapies were IFN‑
‑free regimens.

The patients were treated with genotype ‑specific 
or pangenotypic options. Genotype ‑specific reg‑
imens included asunaprevir (ASV)+DCV, om‑
bitasvir / paritaprevir±dasabuvir±RBV, ledipas‑
vir / SOF±RBV, SOF+SMV±RBV, and grazopre‑
vir / elbasvir±RBV combination. Pangenotypic 
regimens were divided into “old,” available from 
the beginning of the IFN ‑free era and represented 
by SOF+RBV and SOF+DCV±RBV, and “new,” reg‑
istered later and made available for Polish patients 
since 2018, including glecaprevir / pibrentasvir 

TAbLE 2 Characteristics of liver disease in 5 time intervals

Parameter 2015–2016 2017 2018 2019 2020

Patients, n 176 202 271 201 113

GT, n (%)

1 0 0 9 (3.3) 15 (7.5) 10 (8.8)

1a 2 (1.1) 0 5 (1.8) 2 (1) 3 (2.7)

1b 156 (88.6) 179 (88.6) 221 (81.5) 157 (78.1) 84 (74.3)

2 0 0 0 0 0

3 11 (6.3) 18 (8.9) 23 (8.4) 24 (11.9) 13 (11.5)

4 7 (4) 5 (2.5) 11 (4) 3 (1.5) 3 (2.7)

5 0 0 0 0 0

6 0 0 2 (1) 0 0

Fibrosis, METAVIR score, n (%)

F0 2 (1.1) 12 (5.9) 11 (4.1) 6 (3) 12 (10.6)

F1 34 (19.3) 80 (39.6) 169 (62.4) 132 (65.7) 57 (50.4)

F2 29 (16.5 30 (14.9) 34 (12.5) 25 (12.4) 21 (18.6)

F3 21 (12) 35 (17.3) 25 (9.2) 13 (6.5) 8 (7.1)

F4 90 (51.1) 45 (22.3) 32 (11.8) 25 (12.4) 15 (13.3)

History of HCC, n (%) 5 (2.8) 2 (1) 2 (0.7) 0 1 (0.9)

History of liver transplantation, n (%) 3 (1.7) 0 1 (0.4) 0 0

Extrahepatic manifestations, n (%)

Any manifestation 95 (54) 117 (57.9) 150 (55.4) 110 (54.7) 55 (48.7)

Cryoglobulinemia 75 (42.6) 104 (51.5) 128 (47.2) 91 (45.3) 48 (42.5)

Thyroid abnormalities with antithyroid 
antibodies

20 (11.4) 22 (10.9) 17 (6.3) 23 (11.4) 4 (3.5)

Thrombocytopenia in patients without 
advanced liver fibrosis / cirrhosis and 
splenomegaly

4 (2.3) 6 (3) 14 (5.2) 6 (3) 7 (6.2)

Other 9 (5.1)a 0 8 (3)b 0 0

HIV coinfection, n (%) 0 0 2 (0.7) 0 0

HBV coinfection, n (%)

Anti ‑HBc total (+) only 34 (19.3) 37 (18.3) 32 (11.7) 24 (11.9) 12 (10.6)

HBsAg(+); incl. HBV DNA(+) 2 (1.1); 1 (0.6) 3 (1.5); 0 1 (0.4); 1 1 (0.5); 1 0

a 3 cases of arthralgia without pathological changes in the joints, 2 cases of monoclonal gammopathy, Sjogren’s 
syndrome, dryness syndrome, lichen planus, B ‑cell lymphoma

b 2 cases of monoclonal gammopathy, arthralgia without pathological changes in the joints, non ‑Hodgkin lymphoma, 
diffuse large B ‑cell lymphoma, alopecia areata, peripheral T cell lymphoma, porphyria cutanea tarda

Abbreviations: Anti ‑HBc, antibodies against hepatitis B core antigen; GT, genotype; HBsAg, hepatitis B surface antigen; 
HBV, hepatitis B virus; HIV, human immunodeficiency virus; others, see TAbLE 1
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to 13.3% in 2020. A similar tendency can be ob‑
served regarding serious AEs, AEs leading to treat‑
ment discontinuation, and deaths. The most com‑
mon AEs, such as weakness / fatigue and ane‑
mia remained similar across the analyzed time 
intervals.

Increasing the safety profile over time was ac‑
companied by a reduction of RBV ‑containing reg‑
imens (TAbLE 3).

dIsCussION The therapeutic program for pa‑
tients with CHC covering IFN ‑free regimens was 
introduced in Poland in mid ‑2015. Our analysis 
was carried out taking into account all consec‑
utive therapies conducted in a single hepatolo‑
gy center, which makes it unique from the be‑
ginning of the availability of DAA regimens. To 
date, only 3 large analyses of changes in the pa‑
tient profile and HCV antiviral therapy have 
been published, and the most prolonged obser‑
vation included the DAA era through 2019.15,20,21 
The  current study documents changes in 

The response rates calculated for HCV geno‑
types were comparable over time. The lowest ef‑
ficacy was documented in the patients infected 
with GT3 (FIGuRE 2) and patients diagnosed with 
F4 liver fibrosis (FIGuRE 3).

All 15 virologic non responders were men, of 
those 7 were treatment ‑experienced, including 
3 DAA failures, 8 were infected with GT1b, and 
8 had F4 liver fibrosis, and among them 3 scored 
B on the Child–Pugh scale (Supplementary ma‑
terial, Table S2).

Treatment safety The therapy was well ‑tolerated, 
as can be seen in Supplementary material, 
Table S3. The  percentage of individuals who 
completed the treatment course according to 
the schedule increased over time (from 92.6% 
in 2015–2016 to 99.1% in 2020). Consequently, 
the percentage of patients with therapy modifica‑
tion or discontinuation decreased over the years. 
At successive time intervals, the prevalence of ad‑
verse events decreased from 28.4% in 2015–2016 

FIGuRE 2  Sustained virologic response rates according to genotypes in 5 time intervals (per protocol analysis) 
Abbreviations: see TAbLE 1
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FIGuRE 3  Sustained virologic response rates according to the grade of hepatic fibrosis in 5 time intervals (per protocol analysis) 
Abbreviations: F, fibrosis
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the demographic and clinical data of CHC pa‑
tients over more than 5 years. These data are 
a valuable source of information on predict‑
ing HCV eradication. The fact that our analysis 
also includes the COVID ‑19 pandemic period 
makes it unique. The WHO established the goal 
of eliminating HCV as a significant public threat 
by 2030. According to the analysis of Polish per‑
spectives carried out in 2019, achieving this 
goal without the population screening was un‑
realistic.1,22 In recent years, COVID ‑19 affected 
the number of diagnosed and treated patients, 
delaying the potential HCV elimination, not only 
in Poland.22-24 The current analysis also confirms 
the reduction in the number of patients under‑
going DAA therapy. While in 2019 the decrease 
in the number of patients treated for CHC re‑
sulted from the lack of a national screening pro‑
gram and the failure to detect HCV infection in 
patients unaware of the disease, in 2020 it was 
combined with the impact of the pandemic. Our 
findings are consistent with many national and 
global observations.25-27

Despite the lack of barriers in access to reim‑
bursed DAA options at the level of a therapeutic 
program, at the beginning of the IFN ‑free era, 
physicians prioritized the treatment of patients 
with advanced liver fibrosis and cirrhosis. It was 

TAbLE 3 Treatment characteristics in 5 time intervals

Parameter 2015–2016 2017 2018 2019 2020

Patients, n 176 202 271 201 113

History of previous therapy, n (%)

Treatment ‑naïve 72 (40.9) 152 (75.2) 243 (89.7) 189 (94) 103 (91.2)

Relapsers 32 (18.2) 21 (10.4) 12 (4.4) 8 (4) 5 (4)

Null responders 55 (31.3) 12 (6) 7 (2.6) 2 (1) 3 (3)

Discontinuation for safety reasons 17 (9.6) 17 (8.4) 9 (3.3) 2 (1) 2 (1.8)

Previous regimen in patients with 
treatment failure, n

104 50 28 12 10

IFN+RBV 13 (12.5) 4 (8) 0 0 1 (10)

PegIFN + RBV 60 (57.7) 40 (80) 19 (67.9) 9 (75) 4 (40)

PI+ PegIFN + RBV 29 (27.8) 6 (12) 4 (14.3) 0 0

SOF + PegIFN + RBV 1 (1) 0 1 (3.5) 0 0

IFN ‑free 1 (1) 0 4 (14.3) 3 (25) 5 (50)

Current treatment regimen

ASV+DCV 9 (5.1) 10 (5) 0 0 0

OBV/PTV/r±DSV±RBV 100 (56.8) 73 (36.1) 60 (22.1) 0 0

LDV/SOF±RBV 52 (29.5) 59 (29.2) 61 (22.5) 6 (2.9) 0

SOF+RBV 10 (5.7) 18 (8.9) 6 (2.2) 0 0

SOF+SMV±RBV 4 (2.3) 0 0 0 0

SOF+DCV±RBV 1 (0.6) 1 (0.5) 0 0 0

GZR/EBR±RBV 0 41 (20.3) 56 (20.6) 49 (24.4) 10 (8.8)

SOF/VEL±RBV 0 0 35 (12.8) 54 (26.9) 35 (31)

GLE/PIB 0 0 53 (19.8) 92 (45.8) 68 (60.2)

RBV‑containing therapies 84 (47.7) 16 (7.9) 16 (5.9) 5 (2.5) 12 (10.6)

Abbreviations: ASV, asunaprevir; DCV, daclatasvir; DSV, dasabuvir; EBR, elbasvir; GLE, glecaprevir; GZR, grazoprevir; 
IFN, interferon; LDV, ledipasvir; OBV, ombitasvir; PegIFN, pegylated interferon; PI, protease inhibitors; PIB, pibrentasvir; 
PTV, paritaprevir; r, ritonavir; RBV, ribavirin; SMV, simeprevir; SOF, sofosbuvir; VEL, velpatasvir

TAbLE 4 Treatment effectiveness according to regimen, calculated as intent ‑to ‑treat 
and per protocol analysis

Regimen SVR ITT, n / N (%) SVR PP, n / N (%)

All regimens 937 / 963 (97.3) 937 / 952 (98.4)

OBV / PTV / r ± DSV ± RBV 229 / 233 (98.3) 229 / 232 (98.7)

OBV / PTV / r + DSV 193 / 194 (99.5) 193 / 194 (99.5)

OBV / PTV / r + RBV 11 / 12 (91.7) 11 / 12 (91.7)

OBV / PTV / r + DSV + RBV 25 / 27 (92.6) 25 / 26 (92.6)

LDV / SOF ± RBV 173 / 178 (97.2) 173 / 175 (98.9)

LDV / SOF 120 / 121 (99.2) 120 / 120 (100)

LDV / SOF + RBV 53 / 57 (93) 53 / 55 (96.4)

GZR / EBR ± RBV 152 / 156 (97.4) 152 / 153 (99.3)

VEL / SOF ± RBV 121 / 124 (97.6) 121 / 123 (98.4)

VEL / SOF 106 / 107 (99.1) 106 / 106 (100)

VEL / SOF + RBV 15 / 17 (88.2) 15 / 17 (88.2)

GLE / PIB 209 / 213 (98.1) 209 / 213 (98.1)

ASV+DCV 16 / 19 (84.2) 16 / 17 (94.1)

SOF + DCV ± RBV 2 / 2 (100) 2 / 2 (100)

SOF + RBV 31 / 34 (91.2) 31 / 33 (93.9)

SOF + SMV ± RBV 4 / 4 (100) 4 / 4 (100)

Abbreviations: ITT, intent ‑to ‑treat; n, number of SVR patients; N, total numer of patients 
in the analyzed regimen; PP, per protocol; SVR, sustained virologic response; others, 
see TAbLE 3
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Therefore, it is understandable that in the first 
analyzed time intervals, the vast majority of DAA‑
‑treated patients were those infected with GT1b. 
It is important to emphasize that this genotype 
is dominant in the Polish HCV ‑infected popula‑
tion, which explains its prevalence also in subse‑
quent time intervals.31

At the beginning of the IFN ‑free era, Polish pa‑
tients infected with GT3 had access only to a sub‑
optimal regimen of SOF+RBV. Therefore, those 
with GT3 infection without contraindications to 
IFN continued to receive IFN ‑based therapy, in‑
cluding SOF, which was more efficacious.14

In 2018, we gained access to pangenotypic regi‑
mens in Poland, which are highly effective regard‑
less of the HCV genotype. This fact explains why, 
since then, there has been an increase in the pro‑
portion of patients infected with GT3 among 
the treated individuals. A similar tendency was 
also documented in a German HCV ‑infected pop‑
ulation treated with DAA.20

The changing profile of patients and thera‑
peutic regimens did not affect the effectiveness 
of the therapy, which remained at a consistent‑
ly high and comparable level for all the analyzed 
periods. The results confirmed the high cure rate 
of both genotype ‑specific and pangenotypic reg‑
imens, supporting findings of other RWE stud‑
ies.32-34 In addition to the suboptimal SOF+RBV 
option used in GT3 ‑infected patients, lower ef‑
ficacy was achieved in GT1b ‑infected patients 
treated with ASV+DCV, which is consistent with 
the literature data.35

Despite the excellent overall efficacy achieved 
in the current study, we documented a lower SVR 
rate in the patients infected with GT3. The in‑
troduction of pangenotypic regimens increased 
the cure rate in this subpopulation but the ef‑
fectiveness is still worse than for the other gen‑
otypes, particularly in individuals with cirrho‑
sis.36 It should be emphasized that all 15 virologic 
nonresponders were men, and 6 of them were in‑
fected with GT3, 4 of whom were diagnosed with 
liver cirrhosis and were previous treatment fail‑
ures. Male sex, prior treatment failure, liver cir‑
rhosis, and GT3 infection are recognized risk fac‑
tors for failure to respond to DAA therapy, which 
was confirmed by a recent analysis.37

As in other RWE analyses and clinical trials, 
we observed a favorable safety profile of DAA 
therapy.38 It should be noted that the incidence 
of AEs decreased over time, which was related to 
less frequent administration of RBV ‑containing 
therapy, shortening treatment duration according 
to labels, and changes in patient characteristics. 
The most common AEs were weakness / fatigue in 
all analyzed time intervals, while anemia was doc‑
umented more frequently in the first analyzed pe‑
riods, which was associated with the use of RBV.

Our study has several limitations. The retro‑
spective nature of the analysis makes it sensitive 
to data entry errors, the possible bias of the phy‑
sician, and underreporting of AEs. The  real‑
‑world nature of the study may result in a lack of 

also reflected in the current analysis and support‑
ed by other real ‑world studies.15,20 In the first an‑
alyzed time interval, cirrhotic patients constitut‑
ed more than half of all treated individuals. After 
that, the proportion of these patients decreased, 
and from 2019 it increased again. The document‑
ed growth in the percentage of patients with liv‑
er cirrhosis was not high but the trend continued 
into 2020. A possible explanation is the detec‑
tion of HCV infection in patients at an advanced 
stage of the disease. In the absence of a nation‑
al screening program, the scale of this phenom‑
enon was not large but the tendency was clearly 
outlined. Further observations are necessary to 
determine whether this trend will continue. It is 
a worrying phenomenon given that DAA thera‑
py in patients with liver cirrhosis is effective and 
safe, and HCV eradication reduces the risk of se‑
rious complications, including decompensation 
and HCC.28,29

Patients who previously failed antiviral thera‑
py also had priority access to treatment at the be‑
ginning of the IFN ‑free era. In our analysis, they 
accounted for almost 60% of all treated individ‑
uals in 2015–2016, while in 2020, only 10 such 
patients, accounting for nearly 9%, were includ‑
ed in the study, and half of them were already 
DAA failures.

The age distribution of the treated population 
also evolved in successive time intervals. Patients 
treated with IFN ‑free therapy became younger 
over the years, so the proportion of those with 
comorbidities and receiving comedications de‑
creased throughout the entire analyzed period.

A similar tendency was also reported by both 
Real World Evidence (RWE) studies concerning 
changes in the profile of CHC patients treated 
with DAA.15,20,21 The irregularity in the age dis‑
tribution was noted in all 5 time intervals. In 
2015–2016, there were 2 visible peaks in the age 
of the population. Regardless of sex, the first in‑
cluded patients between 36 and 40 years of age, 
and the second those between 56 and 65 years. 
It seems to be distinctive for the Polish popu‑
lation.15,30 However, in 2017 the dominant age 
group among men was 26–40 years. Interestingly, 
in 2018, the same age distribution became dom‑
inant also among women. The tendency was ob‑
served both in men and women through the fol‑
lowing years. These demographic changes may be 
due to the aforementioned prioritization of pa‑
tients with more advanced liver fibrosis at the be‑
ginning of the IFN ‑free era. Such patients were 
generally older than those with lower severity of 
the liver disease.

The changes in the percentage of individual 
HCV genotypes documented in the current analy‑
sis were in line with the availability of therapeutic 
regimens active against specific genotypes. At the 
beginning of the IFN ‑free era, genotype ‑specific 
options active against GT1 and GT4 were avail‑
able. In addition, a combination of ASV and DCV, 
registered exclusively for GT1b ‑infected patients, 
was available in Poland.
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sufficient rigor during therapy. Moreover, some 
populations in our analysis are too small to draw 
reliable conclusions. The data were collected from 
a single treating center and may not reflect trends 
in the whole of Poland. However, this limitation 
is also a strong point of the analysis, as it makes 
the study the only one of this type that tracks 
changes in the population of patients treated 
and followed by the same researchers according 
to a unified protocol. Another strong point is col‑
lecting data from a diverse real ‑world population, 
representative of routine practice. Noteworthy is 
the small proportion of patients lost to the follow‑
‑up, which is unique in a retrospective RWE study.

It is also important to note that the analysis 
includes the COVID ‑19 pandemic period, which 
disrupted some previously observed trends, mak‑
ing it more difficult for HCV patients to access di‑
agnosis and therapy.

Conclusion Our results show that the profile of 
HCV ‑infected patients evolved from the begin‑
ning of the IFN ‑free era over time. The median 
age of HCV ‑infected patients decreased during 
the consecutive analyzed periods. The patients 
were less burdened by comorbidities and come‑
dications, more likely to be treatment ‑naïve, and 
had less advanced liver disease. The genotype‑
‑specific regimens, predominantly used at the 
beginning of the IFN ‑free era, were superseded 
by the pangenotypic regimens, with consistently 
high effectiveness in all analyzed periods. A lower 
cure rate was documented in the patients infect‑
ed with GT3 and those diagnosed with liver cir‑
rhosis irrespective of the time interval. The cur‑
rent analysis also showed a good safety profile 
of the DAA therapy, which improved over time 
due to the reduction in RBV use and shortening 
of the treatment course.

suPPLEmENTARy mATERIAL

Supplementary material is available at www.mp.pl/paim.

ARTICLE INFORmATION

ACKNOwLEdGmENTs None.

FuNdING Project financed under the program of the Minister of Edu‑
cation and Science called “Regional Initiative of Excellence” in the years 
2019–2022, project no. 024/RID/2018/19, for 11 999 000 PLN.

CONTRIbuTION sTATEmENT Study design: MB, DZM; data collection: 
PP, DZM; statistical analysis: MB, KD; data interpretation: MB, KD, DZM; 
manuscript preparation: MB, KD, DZM; literature search: MB, KD, PP, DZM.

CONFLICT OF INTEREsT None declared.

OPEN ACCEss This is an Open Access article distributed under the terms 
of the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 Inter‑
national License (CC BY ‑NC ‑SA 4.0), allowing third parties to copy and re‑
distribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib‑
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

hOw TO CITE Brzdęk M, Dobrowolska K, Pabjan P, Zarębska ‑Michaluk D. 
Clinical characteristics and antiviral therapy in patients infected with hep‑
atitis C virus in the interferon ‑free era. Pol Arch Intern Med. 2022; 132: 
16282. doi:10.20452/pamw.16282

REFERENCEs

1 World Health Organization. 2022. https://www.who.int/news ‑room/fact‑
‑sheets/detail/hepatitis ‑c. Accessed March 12, 2022.

https://doi.org/10.1016/j.jhep.2014.07.012
https://doi.org/10.1016/j.jhep.2014.07.012
https://doi.org/10.5114/ceh.2016.63870
https://doi.org/10.5114/ceh.2016.63870
https://doi.org/10.5114/ceh.2016.63870
https://doi.org/10.7326/0003-4819-140-5-200403020-00010
https://doi.org/10.7326/0003-4819-140-5-200403020-00010
https://doi.org/10.7326/0003-4819-140-5-200403020-00010
https://doi.org/10.7326/0003-4819-140-5-200403020-00010
https://doi.org/10.1097/MD.0000000000001411
https://doi.org/10.1097/MD.0000000000001411
https://doi.org/10.1097/MD.0000000000001411
https://doi.org/10.1097/MD.0000000000001411
https://doi.org/10.1016/j.jhep.2014.12.031
https://doi.org/10.1016/j.jhep.2014.12.031
https://doi.org/10.1016/j.jhep.2014.12.031
https://doi.org/10.3851/IMP2985
https://doi.org/10.3851/IMP2985
https://doi.org/10.3851/IMP2985
https://doi.org/10.4103/0976-500X.142464
https://doi.org/10.4103/0976-500X.142464
https://doi.org/10.4103/0976-500X.142464
https://doi.org/10.5114/ceh.2016.59099
https://doi.org/10.5114/ceh.2016.59099
https://doi.org/10.5114/ceh.2016.59099
https://doi.org/10.5114/ceh.2017.67782
https://doi.org/10.5114/ceh.2017.67782
https://doi.org/10.31350/zakazenia/2018/3/Z2018019
https://doi.org/10.31350/zakazenia/2018/3/Z2018019
https://doi.org/10.31350/zakazenia/2018/3/Z2018019
https://doi.org/10.31350/zakazenia/2019/2/Z2019014
https://doi.org/10.31350/zakazenia/2019/2/Z2019014
https://doi.org/10.31350/zakazenia/2019/2/Z2019014
https://doi.org/10.5114/ceh.2020.98606
https://doi.org/10.5114/ceh.2020.98606
https://doi.org/10.5114/ceh.2020.98606
https://doi.org/10.1089/jir.2017.0113
https://doi.org/10.1089/jir.2017.0113
https://doi.org/10.1089/jir.2017.0113
https://doi.org/10.20452/pamw.15181
https://doi.org/10.20452/pamw.15181
https://doi.org/10.20452/pamw.15181
https://doi.org/10.20452/pamw.15181
https://doi.org/10.1684/abc.2013.0924
https://doi.org/10.1684/abc.2013.0924
https://doi.org/10.1684/abc.2013.0924
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1002/hep.25936
https://doi.org/10.1002/hep.25936
https://doi.org/10.1002/hep.25936
https://doi.org/10.1111/jvh.13586
https://doi.org/10.1111/jvh.13586
https://doi.org/10.1111/jvh.13586
https://doi.org/10.1111/jvh.13586
https://doi.org/10.1111/liv.14834
https://doi.org/10.1111/liv.14834
https://doi.org/10.1111/liv.14834
https://doi.org/10.1111/liv.14324
https://doi.org/10.1111/liv.14324
https://doi.org/10.1111/liv.14324
https://doi.org/10.1016/S2468-1253(20)30238-7
https://doi.org/10.1016/S2468-1253(20)30238-7
https://doi.org/10.1016/j.aohep.2022.100685
https://doi.org/10.1016/j.aohep.2022.100685
https://doi.org/10.1016/j.jhep.2020.07.042
https://doi.org/10.1016/j.jhep.2020.07.042
https://doi.org/10.1016/j.jhep.2020.12.018
https://doi.org/10.1016/j.jhep.2020.12.018
https://doi.org/10.1111/liv.14858
https://doi.org/10.1111/liv.14858
https://doi.org/10.1111/liv.14858
https://doi.org/10.1111/liv.14858
https://dx.doi.org/10.20452/pamw.16282
http://creativecommons.org/licenses/by-nc-sa/4.0


ORIGINAL ARTICLE  HCV patients and therapy characteristics 11

29 Flisiak R, Zarębska ‑Michaluk D, Janczewska E, et al. Five ‑year follow‑
‑up of cured HCV patients under real ‑world interferon ‑free therapy. Cancers. 
2021; 13: 3694. 

30 Chirikov VV, Marx SE, Manthena SR, et al. Development of a compre‑
hensive dataset of hepatitis C patients and examination of disease epidemi‑
ology in the United States, 2013‑2016. Adv Ther. 2018; 35: 1087‑1102. 

31 Flisiak R, Pogorzelska J, Berak H, et al. Prevalence of HCV genotypes in 
Poland ‑ the EpiTer study. Clin Exp Hepatol. 2016; 2: 144‑148. 

32 Lampertico P, Carrión JA, Curry M, et al. Real ‑world effectiveness and 
safety of glecaprevir/pibrentasvir for the treatment of patients with chronic 
HCV infection: a meta ‑analysis. J Hepatol. 2020; 72: 1112‑1121. 

33 Backus LI, Belperio PS, Shahoumian TA, et al. Comparative effective‑
ness of ledipasvir/sofosbuvir ± ribavirin vs. ombitasvir/paritaprevir/ritona‑
vir + dasabuvir ± ribavirin in 6961 genotype 1 patients treated in routine 
medical practice. Aliment Pharmacol Ther. 2016; 44: 400‑410. 

34 Mangia A, Milligan S, Khalili M, et al. Global real ‑world evidence of so‑
fosbuvir/velpatasvir as simple, effective HCV treatment: analysis of 5552 pa‑
tients from 12 cohorts. Liver Int. 2020; 40: 1841‑52. 

35 Wang H ‑L, Lu X, Yang X, Xu N. Effectiveness, and safety of daclatasvir 
plus asunaprevir for hepatitis C virus genotype 1b: systematic review and 
meta ‑analysis. J Gastroenterol Hepatol. 2017; 32: 45‑52. 

36 Zarębska ‑Michaluk D, Jaroszewicz J, Parfieniuk ‑Kowerda A, et al. Ef‑
fectiveness and safety of pangenotypic regimens in the most difficult to 
treat population of genotype 3 HCV infected cirrhotics. J Clin Med. 2021; 
10: 3280. 

37 Janczewska E, Kołek MF, Lorenc B, et al. Factors influencing the fail‑
ure of interferon ‑free therapy for chronic hepatitis C: data from the Polish 
EpiTer ‑2 cohort study. World J Gastroenterol. 2021; 27: 2177‑2192. 

38 McGlynn EA, Adams JL, Kramer J, et al. Assessing the safety of 
direct ‑acting antiviral agents for hepatitis C. JAMA Netw Open. 2019; 2: 
e194765. 

https://doi.org/10.3390/cancers13153694
https://doi.org/10.3390/cancers13153694
https://doi.org/10.3390/cancers13153694
https://doi.org/10.1007/s12325-018-0721-1
https://doi.org/10.1007/s12325-018-0721-1
https://doi.org/10.1007/s12325-018-0721-1
https://doi.org/10.5114/ceh.2016.63871
https://doi.org/10.5114/ceh.2016.63871
https://doi.org/10.1016/j.jhep.2020.01.025
https://doi.org/10.1016/j.jhep.2020.01.025
https://doi.org/10.1016/j.jhep.2020.01.025
https://doi.org/10.1111/apt.13696
https://doi.org/10.1111/apt.13696
https://doi.org/10.1111/apt.13696
https://doi.org/10.1111/apt.13696
https://doi.org/10.1111/liv.14537
https://doi.org/10.1111/liv.14537
https://doi.org/10.1111/liv.14537
https://doi.org/10.1111/jgh.13587
https://doi.org/10.1111/jgh.13587
https://doi.org/10.1111/jgh.13587
https://doi.org/10.3390/jcm10153280
https://doi.org/10.3390/jcm10153280
https://doi.org/10.3390/jcm10153280
https://doi.org/10.3390/jcm10153280
https://doi.org/10.3748/wjg.v27.i18.2177
https://doi.org/10.3748/wjg.v27.i18.2177
https://doi.org/10.3748/wjg.v27.i18.2177
https://doi.org/10.1001/jamanetworkopen.2019.4765
https://doi.org/10.1001/jamanetworkopen.2019.4765
https://doi.org/10.1001/jamanetworkopen.2019.4765

