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Abstract
Background: According to the EASL and AASLD guidelines, the recommended treatment for patients who failed to
achieve a sustained virologic response (SVR) on prior interferon-based triple therapy with protease inhibitors (PI), is
a combination of sofosbuvir and NS5A inhibitors. Polish national recommendations also allow the use of
paritaprevir/ritonavir/ombitasvir+dasasbuvir±ribavirin (PrODR) in this group of patients. The aim of the study was to
evaluate the efficacy and safety of PrODR vs. ledipasvir/sofosbuvir±RBV (LSR) in PI-experienced patients in real-life
setting.
Methods: Our analysis included patients registered in the nationwide, investigators initiated, multicentre EpiTer-2
database.
Among 4530 patients registered, 335 with genotype 1 (93% 1b) were previously treated with IFN-based regimens
with PIs: 127 with boceprevir (BOC), 208 with telaprevir (TVR).
Patients with advanced fibrosis (F3/F4) were significantly predominant (BOC 28.4%/61.4%, TVR 18.8%/64.4%,
respectively).
Subjects were assigned to IFN-free retreatment as follows: BOC - 64 (50.4%) PrODR and 63 (49.6%) LSR; TVR- 103
(49.5%) PrODR and 105 (50.5%) LSR.
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Results: SVR rates were comparable for particular groups: BOC → PrODR- 100%; BOC → LSR - 98%; TVR → PrODR 97%; TVR → LSR - 96% (intent-to treat analysis-ITT) and BOC → PrODR→100%; BOC → LSR - 99%; TVR → PrODR 99%; TVR → LSR - 98% (modified intent-to treat analysis-mITT).
Both treatment regimens had a favourable safety profile. Adverse events (AEs) were generally mild or moderate in
severity. Three deaths were reported. The treatment was stopped due to AEs in five patients (three treated with
PrODR and two with LSR).
Conclusion: Efficacy and safety of treatment with PrODR and LSR is comparable in BOC or TVR-experienced
patients.
Keywords: Chronic hepatitis C, Liver cirrhosis, Protease inhibitors, Retreatment, Sustained virologic response

Background
Progress achieved in recent years in the treatment of patients with viral hepatitis C has enabled elimination of
hepatitis C virus (HCV) infection in most patients. This
progress has been achieved through the use of drugs that
produce a direct antiviral action (direct-acting antiviralsDAAs). These therapies are highly effective even in patients with advanced fibrosis, as well as hepatic insufficiency. Effective therapy inhibits progression of the
disease, often leading to a fibrosis regression [1–4].
The efficacy of DAA-based therapies can be reduced by
the presence of substitutions causing drug resistance (resistance-associated substitutions-RASs) [5–7]. Such substitutions can occur in patients untreated previously;
however, their occurrence is more often associated with ineffective antiviral therapy, which involved DAAs with a low
genetic barrier, for example first-generation protease inhibitors (PI) such as boceprevir (BOC) or telaprevir (TVR).
These drugs were the first DAAs used with pegylated
interferon (PegIFN) and ribavirin (RBV) in antiviral therapies for patients infected with HCV genotype 1.
In the following years, drugs belonging to other classes
and having other mechanism of action disrupting the
process of HCV replication were introduced: polymerase
inhibitors and non-structural protein 5A (NS5A) inhibitors. The combined use of drugs belonging to 2 or 3
therapeutic groups allowed the development of effective
and safe interferon-free regimens.
In patients who had already undergone ineffective
BOC or TVR triple therapy, there was a risk of reduced
efficacy of subsequent IFN-free therapies in which one
of the components was a protease inhibitor due to the
RASs generated during the first use of these drugs.
According to the guidelines of the European Association for the Study of the Liver (EASL), and the American Association for the Study of the Liver Diseases
(AASLD), the re-use of first-generation protease inhibitors is not recommended in patients who do not respond to these drugs in the past [8, 9].
Recommended therapeutic regimens were combinations
of polymerase and NS5A inhibitors: ledipasvir/sofosbuvir

or daclatasvir+sofosbuvir [8, 9]. These recommendations
were based on the randomized clinical trials findings [10–
13]. Moreover, in this patient group, the EASL recommendations provide for ribavirin addition to the DAAs to
improve efficacy and reduce potential resistance [8].
In Poland, the first and for some time the only therapy
composed of DAAs was paritaprevir/ ritonavir/ombitasvir ± dasabuvir ± ribavirin (PrODR), not mentioned in
the above guidelines as recommended for patients after
PI treatment failure.
Initially, this drug combination was used in the early
access program, in patients with advanced fibrosis, the
majority of whom underwent ineffective prior IFN-based
treatment (AMBER study) [14]. Among the patients included in this cohort were those who failed triple therapies involving boceprevir or telaprevir. However, the
number of these patients was small. High efficacy observed in this group were considered in the recommendations of the Polish Group of HCV Experts [15] and
caused inclusion of PrODR along with ledipasvir/sofosbuvir ±RBV (LSR) and sofosbuvir + daclatasvir (SOF +
DCV), to be used in patients with a history of prior
BOC + PegIFN+RBV or TVR + PegIFN+RBV regimens.
In 2015, PrODR and LSR became available (reimbursed) for Polish patients, whereas SOF + DCV combination was not accepted for reimbursement in Poland.
The purpose of this study was to evaluate in the reallife setting the efficacy and safety of PrODR versus LSR
in patients who failed prior triple IFN-based therapies
with first generation protease inhibitors.

Material and methods
Study population

On the investigators’ initiative, a national EpiTer-2 database of patients receiving antiviral treatment due to
HCV infection in Poland was established in 2016 based
on regimens available within the therapeutic program of
the National Health Fund. Twenty-two hepatology centres applied for participation in the project. Treatment
efficacy and safety data were collected in the EpiTer-2
web database.
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Demographic data of the patients, information related
to HCV genotype, stage of fibrosis, liver function parameters (Child-Turcotte-Pugh and MELD scores), prior
antiviral therapy, concomitant diseases and drugs used
in relation thereto, HBV and/or HIV coinfections were
collected in the database.
Hepatic fibrosis was evaluated by liver biopsy based on
the METAVIR or Scheuer scoring system, transient elastography (TE) using the FibroScan (Echosens, Paris) device or the real-time shear wave elastography (SWE)
using the Aixplorer (Supersonic, Aix-en-Provence) device. Among BOC-experienced patients: liver biopsy was
performed in 31 (24.4%), TE in 73 (57.5%), and SWE in
23 (18.1%) patients, and in the TVR group: biopsy was
performed in 44 (21.2%), TE in 138 (66.3%), and SWE in
26 (12.5%) patients.
HCV RNA was monitored prior to and after the treatment (end of treatment virologic response: EOT-VR),
and then after at least 12-week follow-up period (sustained virologic response -SVR). Two assays were used
to measure HCV RNA, depending on local practices at
the testing site: Roche COBAS TaqMan with a lower
limit of quantification (LLOQ) of 15 IU/mL or Abbott
RealTime with an LLOQ of 12 IU/mL.
Adverse events (AEs) observed during the treatment
and follow-up period were reported as well. Criteria for
assessing AEs as serious were: resulting in death, lifethreatening, requiring hospitalisation or prolongation of
existing hospitalization, resulting in persistent or significant disability, or congenital anomaly or birth defect.
In 2016 and 2017 up to now, a total of 4530 patients
were registered in the EpiTer-2 database, including 335
patients having failed prior triple-drug regimens with
boceprevir or telaprevir, retreated with interferon-free
regimens PrOD and LSR, being the subject of this study.
Baseline characteristics of the patients are presented in
Table 1. Sex, age, and BMI distribution were similar for
both BOC- and TVR-experienced groups of patients.
Notably, patients with GT1b prevailed significantly in
both groups, which is typical for Polish population [16].
Patients with cirrhosis (F4) and advanced fibrosis (F3)
were predominant, while only few patients showed severe liver impairment symptoms (Child-Turcotte-Pugh
B or C) at the beginning of the therapy or decompensation in the previous history. The percentage of patients
with confirmed oesophageal varices was similar in both
subgroups.
The choice of the drug, dosage and length of treatment regimen (12 vs. 24 weeks, addition of ribavirin)
was made by the treating physicians based on the applicable product characteristics and recommendations of
Polish Group of HCV Experts [15, 17]. All patients
qualified for class B or C of Child-Turcotte-Pugh scoring
system received LSR.
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Statistical analysis

Data are presented as absolute numbers (%) or mean ±
standard deviation. No sample size was planned. All patients who started the treatment were included in the
analysis, and efficacy analyses were performed on an
intent-to-treat (ITT) basis (missing virological measurements were imputed as treatment failures) and modified
intent-to-treat (mITT) basis, which excludes patients
with missing data of sustained virologic response (at
least 12 weeks after treatment completion). The proportion of patients who achieved SVR was calculated. The
significance of difference was calculated by use of Chisquare or Fischer’s exact test where appropriate. P values
of < 0.05 were considered to be statistically significant.
Statistical analyses were performed with STATISTICA12.0 (Statsoft, Tulsa, OK, USA).

Results
This study focuses on the analysis of the data from the
EpiTer-2 database concerning 335 patients having failed
prior triple, IFN-based regimens with boceprevir or telaprevir. Patients previously treated with telaprevir containing regimen prevailed (62%) in the cohort (Table 1).
Patients with relapse of infection following prior antiviral treatment prevailed in BOC subgroup, while those
with non-response prevailed in TVR subgroup. There
were no patients with HIV coinfection or active HBV
coinfection. Only a few patients had a history of hepatocellular carcinoma (one in BOC and four in the TVR
subgroup). Moreover, in both subgroups, there were patients who began treatment after liver transplantation
(one in BOC and five in the TVR subgroup).
A majority of patients from both subgroups had concomitant diseases, most often hypertension and diabetes.
BOC patients (63.8%) and 67.8% of TVR patients were
taking additional drugs due to these diseases.
Different dosage regimens of PrODR or LSR were applied in this therapy depending on the current guidelines. Among 127 BOC patients 64 (50.4%) were being
treated using one of the PrODR (BOC➔PrODR), while
63 (49.6%) patients with LSR regimens (BOC➔LSR). In
the TVR subgroup, 103 (49.5%) patients received PrODR
(TVR➔PrODR) and 105 (50.5%) patients received LSR
(TVR➔LSR). Distribution of these regimens among
studied population is summarized in Table 2.
Treatment efficacy

Figure 1 presents the treatment course and the reasons
of discontinuation.
In both groups, a majority of patients completed the
full course of treatment scheduled and only five patients
(1.5%) had to interrupt it due to adverse events (AEs).
All patients, whose treatment was discontinued, reached
SVR despite the reduced duration of treatment. Only
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Table 1 Baseline Characteristics of 335 Patients Included in the
Study

Table 1 Baseline Characteristics of 335 Patients Included in the
Study (Continued)

Parameter

Boceprevirexperienced

Telaprevirexperienced

Parameter

Number of patients, n (%)

127 (38%)

208 (62%)

Gender: females/males, n (%)

63 (49.6%)/65
(50.4%)

95 (45.7%)/ 113
(54.3%)

Age (years) mean ± SD; min-max 55.4 ± 10.9; 23–74

60.3 ± 10.7; 27–78

BMI mean ± SD; min-max

27.6 ± 4.11; 19–44

27.4 ± 4.99; 19–38

Boceprevirexperienced

Telaprevirexperienced

Non-HCC tumours

1 (0.8%)

0 (0%)

Other

21 (16.5%)

46 (22.1%)

Concomitant medications, n (%) 81 (63.8%)

141 (67.8%)

17 (13.4%)

22 (10.6%)

9 (7.1%)

11 (5.3%)

one BOC and two TVR patients (non-responders) failed
to achieve SVR among the total number of 14 patients
in whom HCV RNA was detectable at the end of the
treatment (EOT).
The remaining subjects achieved SVR despite a positive result at the EOT. This phenomenon, specific for
DAA regimens, was not observed during interferonbased therapies.
On the other hand, despite of undetectable HCV RNA
at the EOT, 3 patients relapsed. Two patients from BOC
and three from TVR group were lost to follow-up and
evaluation of SVR was not possible.
As shown in Fig. 2, end of treatment virologic response (EOT-VR) and SVR evaluated in the ITT analysis
was insignificantly lower in TVR groups.
In the mITT evaluation in BOC group, SVR was 99%
for BOC➔LSR and 100% for BOC➔PrODR, while in
TVR group it was 98% for TVR➔LSR and 99% for
TVR➔PrODR.
Therefore, we can assume that both drugs are highly
effective irrespective of the first-generation protease inhibitor which was used in the primary treatment.

Ascites

9 (7.1%)

9 (4.3%)

Treatment safety

Encephalopathy

0 (0%)

2 (1%)

Documented oesophageal
varices, n (%)

21 (16.5%)

47 (22.6%)

History of hepatocellular
carcinoma, n (%)

1 (0.8%)

4 (1.9%)

HBsAg positive

4 (3.1%)

0 (0%)

HBV DNA positive

0 (0%)

0 (0%)

Anti-HBc positive

11 (8.7%)

17 (8.2%)

0 (0%)

0 (0%)

HCV Genotype: n (%)
1b

120 (94.5%)

191 (91.8%)

1a

5 (3.9%)

9 (4.3%)

1

2 (1.6%)

8 (3.9%)

F4

78 (61.4%)

134 (64.4%)

F3

36 (28.4%)

39 (18.8%)

F2

9 (7.1%)

19 (9.1%)

F1

4 (3.1%)

16 (7.7%)

A

123 (96.9%)

201 (96.6%)

B

4 (3.1%)

5 (2.4%)

C

0 (0%)

2 (1%)

Fibrosis, n (%)

Child-Turcotte-Pugh, n (%)

Response to previous treatment with PI+PegIFN+RBV, n (%)
Non-response

45 (35.4%)

83 (39.9%)

Relapse

48 (37.8%)

66 (31.7%)

Discontinuation

17 (13.4%)

37 (17.8%)

Unknown
History of hepatic
decompensation, n (%)

HBV coinfection, n (%)

HIV coinfection, n (%)

History of liver transplantation, n 1 (0.8%)
(%)

5 (2.4%)

Comorbidities, n (%)
Any comorbidity

87 (68.5%)

142 (68.3%)

Hypertension

48 (37.8%)

82 (39.4%)

Diabetes

17 (13.4%)

34 (16.3%)

Renal insufficiency

1 (0.8%)

2 (1%)

Autoimmune diseases

2 (1.6%)

2 (1%)

The most important adverse events (AEs) that occurred
during the treatment and in the follow-up period are
summarized in Table 3.
These were observed in 52 patients of BOC group and
in 99 patients of TVR group. Severity was generally mild
or moderate. Fatigue, headache, and anaemia prevailed,
Table 2 Current Treatment Regimens
Treatment regimen

Boceprevirexperienced

Telaprevirexperienced

LDV/SOF, n (%)

n = 63

n = 105

LDV/SOF 12 weeks

11 (8.7%)

26 (12.5%)

LDV/SOF 24 weeks

6 (4.7%)

9 (4.3%)

LDV/SOF + RBV 12 weeks

41 (32.3%)

63 (30.3%)

LDV/SOF + RBV 24 weeks

5 (3.9%)

7 (3.4%)

PrOD, n (%)

n = 64

n = 103

PrOD 12 weeks

29 (22.8%)

42 (20.2%)

PrOD+RBV 12 weeks

33 (26%)

56 (26.9%)

PrOD+RBV 24 weeks

2 (1.6%)

5 (2.4%)
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Fig. 1 Patients’ disposition and reasons for discontinuation. EOT-VR end of treatment virologic response, SVR sustained virologic response, LTFU
lost to follow-up, TF treatment failure, DEC hepatic decompensation, CAD exacerbation of pre-existing coronary arterial disease, AC acute
cholecystitis, VOM-vomiting

which mainly occurred in the patients treated with therapeutic regimens containing ribavirin. Treatment discontinuation due to AE occurred in three patients of the BOC
group and two patients of the TVR group (Fig. 1).
According to the treating physicians’ evaluation, AEs
leading to discontinuation of the treatment in BOC
group, were not associated with the DAA applied, while
persistent vomiting in one TVR patient was probably associated with PrODR.
The second case (decompensation) was probably associated with the baseline stage of the disease rather than
antiviral treatment. It occurred in a patient with a history of hepatic insufficiency treated with LSR.
Serious adverse events (SAEs) occurred in two patients
from BOC group. One of them, being treated with PrODR,
underwent cholecystectomy due to acute cholecystitis,
which entailed discontinuation of the treatment on the 9th

week. Another patient was diagnosed with cholangiocarcinoma after completing treatment with LSR and died on the
20th week of the follow-up period.
In TVR group, two patients treated with LSR died of cancer during the follow-up period (hepatocellular carcinoma
and pancreatic cancer). Both patients had undetectable HCV
RNA 12 weeks after the treatment end. Portal vein thrombosis was detected in one patient treated with PrOD in the
course of the treatment. This patient also achieved SVR.
All SAEs were assessed as irrelevant to the antiviral
treatment and at least SVR12 was confirmed in all of
these patients.

Discussion
The introduction of interferon-free therapy regimens
had a beneficial effect in patients with chronic hepatitis
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Fig. 2 Treatment outcome. End of treatment virologic response (EOT-VR) and sustained virologic response (SVR) rate; ITT—intent-to-treat analysis,
which included all patients receiving at least 1 dose of the treatment, mITT—modified ITT analysis, which excluded patients with missing data of
sustained virologic response (at least 12 weeks after treatment completion)

C. These regimens have become highly effective and
safe, irrespective of the severity of liver disease.
In the interferon era, prior treatment failure was an
important factor restricting efficacy of subsequent antiviral therapies [18–20]. Introduction of triple-drug regimens significantly increased chances for recovery only in
patients with mild to moderate fibrosis, treatment naïve
or relapsers after PegIFN+RBV therapy. Patients with

cirrhosis and/or lack of virologic response to prior therapy showed significantly worse response to the
interferon-based treatment, which included first generation PIs [21–25].
Breakthrough was only made through the use of
interferon-free therapies. As specified in the introduction, international hepatology societies recommend the
use of LSR or SOF + DVC after failed triple-drug

Table 3 Adverse Events
Parameter

Boceprevir-experienced

Telaprevir-experienced

LDV/SOF
(n = 63)

PrOD
(n = 64)

LDV/SOF
(n = 105)

PrOD
(n = 103)

24 (38.1%)

28 (43,8%)

44 (41.9%)

45 (43.7%)

18 (28.6%)

19 (29.7%)

31 (29.5%)

33 (32%)

Fatigue

15 (23.8%)

17 (26.6%)

27 (25.7%)

30 (29.1%)

Anaemia

9 (14.3%)

13 (20.3%)

15 (14.3%)

22 (21.4%)

Headache

8 (12.7%)

11 (17.2%)

10 (9.5%)

12 (11.7%)

Nausea

4 (6.3%)

4 (6.3%)

7 (6.7%)

8 (7.8%)

Serious AEs, n (%)

1 (1.6%)

1 (1.6%)

2 (1.9%)

1 (1%)

Deaths

1 (1.6%)

0 (0%)

2 (1.9%)

0 (0%)

Patients with at least one AE, n (%)
RBV-containing regimen
Most common AEs (> 5%), n (%)
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therapies. Other available drugs (simeprevir+SOF,
PrOD) were not recommended for this patient group [8,
9]. However, daily clinical practice and local conditions
do not always enable rigorous compliance with these
guidelines. Combinations of SOF with NS5A inhibitor
was not available in Poland until November 2015. The
first interferon-free drug which could be used was
PrODR, initially available under the early-access program and, beginning from July 2015, under the program
of the National Health Fund.
Due to the urgent need to apply the therapy to numerous queuing patients with advanced fibrosis and cirrhosis, they were given an accessible drug, which was
considered a rescue therapy. The first group of patients
(AMBER cohort) also included 16 patients who had
failed triple treatment with boceprevir or telaprevir [14].
SVR was achieved in all these patients. Taking into account these encouraging results and local realities, the
Polish Group of HCV Experts included this therapeutic
regimen in its recommendations as acceptable for use in
the patients previously treated by PIs. This drug was approved by the national health insurance institution and
started to be widely used within the framework of the
drug program, first as the only drug and then along with
LSR.
Therefore, the Epi-Ter2 program enabled to gather a
vast group of patients treated with the PrODR regimen
seldom used in other countries.
Description of small patient groups can be mostly
found in the literature, e.g. only 7 patients after PI treatment, who received PrODR therapy, were included in
the Italian VIRONET-C cohort [26].
A large German cohort involving a total of 1017 patients treated by PrODR [27], included 72 patients
treated previously with TVR or BOC. A Spanish cohort
consisting of 1567 patients included only 49 patients
treated by PrODR [28]. In the aforementioned cohorts,
most of the patients with the history of PI therapy, received LSR. Therefore, our patient group is one of the
largest, in which efficacy of PrODR in patients after first
generation PI treatment was evaluated.
In our study, we demonstrated that PrODR regimens
are as effective in this patient group as LSR, including
patients with advanced liver disease irrespective of prior
treatment failure.
Initial concerns were not substantiated that firstgeneration PI treatment would be associated with selection of RASs significantly reducing efficacy of subsequent therapies. Any probable RAS faded, and wild virus
type begins dominating within the period of a year after
the end of the PI therapy. Whereas, RASs in NS5A region characterized by higher durability had a demonstrable influence on subsequent treatment efficacy,
which proved to be a significant problem [29–31].
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The baseline presence of RAS in our patients was not
tested because it is not a routine examination in real-life
setting. For the majority of patients, the period between
the end of the triple drug treatment and the start of the
interferon-free treatment was longer than 12 months.
Both therapy types were characterized by a favourable
safety profile, including cirrhosis patients.
The strength of our study is a large group of patients
treated with the therapeutic regimen, which is relatively
infrequently used in the patients after PI in Western
Europe and USA. Results of our study confirm that
PrODR can be used successfully and equivalently with
other accessible drugs in patients with compensated liver
disease. This can be particularly relevant for countries
where the full scope of the interferon-free therapies is
unavailable, or administrative restrictions in the choice
of drugs exist.
The limitation may be the use of different therapeutic
regimens in individual subgroups of patients (duration
of treatment, addition of RBV) which results from the
fact that the study was conducted in real-life conditions,
without a predetermined protocol. However, all the
therapeutic regimens, used according to the current
label, were characterized by very high efficacy.

Conclusion
In the future, as availability increases, novel, pangenotypic DAAs will surely start dominating. However, as long
as an access to these newest drugs is limited, the drugs
of the previous generation will remain in widespread
use.
The results of our study may be useful in the daily
clinical practice, proving that the patients after failed
IFN-based triple therapies containing PI, can be cured
using both PrODR and LSR regimens with comparable
efficacy and safety.
Abbreviations
AASLD: American European Association for the Study of the Liver Diseases;
AE: Adverse Adverse event; BOC: BoceprevirBoceprevir; DAAs: DirectDirectacting antivirals; DCV: DaclatasvirDaclatasvir; EASL: European Association for
the Study of the Liver; EOT-VR: End End of treatment virologic response;
HBV: Hepatitis Hepatitis B virus; HCV: Hepatitis Hepatitis C virus; HIV: Human
Human immunodeficiency virus; ITT: IntentIntent-to treat analysis;
LSR: LedipasvirLedipasvir/sofosbuvir ± RBV; mITT: modified intent-to treat
analysis; NS5A: NonNon-structural protein 5A; PegIFN: Pegylated Pegylated
interferon; PI: Protease Protease inhibitor; PrODR: ParitaprevirParitaprevir/
ritonavir/ombitasvir+dasasbuvir ±ribavirin; RASs: ResistanceResistanceassociated substitutions; RBV: RibavirinRibavirin; SAE: Serious Serious adverse
events; SOF: SofosbuvirSofosbuvir; SVR: Sustained Sustained virologic
response; SWE: Shear Shear wave elastography; TE: Transient Transient
elastography; TVR: TelaprevirTelaprevir
Acknowledgements
Data contained in the manuscript were presented as the poster at the
International Liver Congress, 2018 in Paris.
Funding
This is an investigators-initiated study, conducted in routine clinical practice
setting. No funding was received.

Janczewska et al. BMC Infectious Diseases

(2018) 18:580

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
Conceptualization: EJ, RF. Data analysis: EJ. Patients care, investigation and
data collection: EJ, DZM, HB, AP, AG, DD, WM, TBW, WD, MTZ, ZD, IB, MS,
ACA, BL, JBW, JC, ŁL, JJ, ŁS, OT, AB, AH, WH, BBC, KT, KS, AG, MWS, R. Writing
original draft: EJ. Writing, review and editing: all authors. All authors have
read and approved the manuscript.
Ethics approval and consent to participate
This retrospective, observational study was carried out in real-life setting, with
approved drugs. Patients were not exposed to any experimental interventions nor did the study intervene with the clinical management of the patient. The study only collected information from patient records. The analysis
included routine examinations and tests performed in patients treated within
the therapeutic program of the National Health Fund. The data was originally
collected to assess treatment efficacy and safety in individual patient, not for
scientific purposes. Hence, the treating physicians did not take approval from
the ethics committee of any research/academic institute. According to local
law (Pharmaceutical Law of 6th September 2001, art. 37al) non-interventional
studies do not require approval of ethics committee. Patients signed informed consent for treatment and processing of personal data. Patients’ data
were collected through an on-line system and only physicians who have patients in care had access to patients’ personal information.
Consent for publication
The manuscript doesn’t contain details, images, or videos relating to an
individual person.

Page 8 of 9

Bytom, Poland. 2Department of Infectious Diseases, Wojewódzki Szpital
Zespolony, UJK Kielce, Poland. 3Hospital of Infectious Diseases, Warszawa,
Poland. 4Department of Infectious Diseases and Hepatology, Medical
University of Łódź, Łódź, Poland. 5Department of Internal Medicine and
Hepatology, Central Clinical Hospital of the MSWiA, Warszawa, Poland.
6
Department of Infectious Diseases and Hepatology, Faculty of Medicine,
Collegium Medicum Bydgoszcz, Nicolaus Copernicus University Toruń,
Bydgoszcz, Poland. 7Department of Infectious Diseases, Infectious
Hepatology and Acquired Immunodeficiency, Medical University of Silesia in
Katowice, Chorzów, Poland. 8Regional Center for Diagnosis and Treatment of
Viral Hepatitis and Hepatology, John Paul II Hospital, Kraków, Poland.
9
MED-FIX Medical Center, Wrocław, Poland. 10Department of Infectious
Diseases, Medical University of Lublin, Lublin, Poland. 11Ward of Infectious
Diseases and Hepatology, Biegański Regional Specialist Hospital, Łódź,
Poland. 12Department of Infectious Diseases and Hepatology, Wrocław
Medical University, Wrocław, Poland. 13Department of Infectious and Tropical
Diseases, Collegium Medicum, Jagiellonian University, Kraków, Poland.
14
Department of Infectious Diseases and Hepatology, Medical University of
Białystok, Białystok, Poland. 15Pomeranian Center of Infectious Diseases,
Department of Infectious Diseases, Medical University of Gdansk, Gdansk,
Poland. 16Department of Infectious and Liver Diseases, Medical University of
Łódź, Łódź, Poland. 17Medical Practice of Infections, Regional Hospital,
Olsztyn, Poland. 18Department of Infectious Diseases, Hepatology and Liver
Transplantation, Pomeranian Medical University, Szczecin, Poland.
19
Department of Infectious Diseases and Hepatology, Medical University of
Silesia in Katowice, Bytom, Poland. 20Department of Transplantation
Medicine, Nephrology, and Internal Diseases, Medical University of Warsaw,
Warszawa, Poland. 21Warsaw Medical University & Hospital of Infectious
Diseases Warszawa, Warszawa, Poland.
Received: 22 May 2018 Accepted: 31 October 2018

Competing interests
EJ has received research grants and/or fees for lectures, advisory boards,
scientific consultancies from Abbvie, Allergan, Bristol Meyer Squibb, Gilead
Sciences, Janssen Cilag, MSD, Vertex, Tobira. AP has received research grants
and/or fees for lectures, advisory boards, scientific consultancies from:
AbbVie, Gilead, Merck, Roche. WM has received research grants and/or fees
for lectures, advisory boards, scientific consultancies from: AbbVie, BMS,
Gilead, Janssen, Merck, Roche. TBM has received research grants and fees for
scientific consultancies for: AbbVie, Gilead. WD has received fees for scientific
consultancies from: AbbVie, Gilead. ACA has received research grants from:
AbbVie, Merck. JJ has received research grants and/or fees for lectures,
advisory boards, scientific consultancies from: AbbVie, BMS, Gilead, Merz,
Roche. ŁS has received fees for scientific consultancies from BMS. BA has
received research grants from BMS and fees for scientific consultancies from
Roche, AbbVie, BMS, Gilead, MSD. WH has received research grants and/or
fees for lectures, advisory boards, scientific consultancies from: AbbVie, BMS,
Gilead, Janssen, Merck, Roche. BBC has received research grants and/or fees
for lectures, scientific consultancies from: AbbVie, Gilead, Roche. KT has
received research grants and/or fees for lectures, advisory boards, scientific
consultancies from: AbbVie, Alfa Wasserman, BMS, Gilead, Janssen, Merck,
Roche. KS has received research grants and/or fees for lectures, advisory
boards, scientific consultancies from: AbbVie, Gilead, BMS, Merck, Janssen,
Alfa-Wassermann, Baxter, Bayer, Roche Allergan, EISAI, Gilead, Intercept,
Tobira, Pfizer.
AG has received research grants and/or fees for lectures, advisory boards,
scientific consultancies from: AbbVie, Bristol-Myers Squibb, Gilead, GlaxoSmithKline, Janssen, Roche, Sanofi Pasteur, Amgen, Pfizer. MWS has received
fees for lectures, scientific consultancies from: Gilead, AbbVie, Merck. RF has
received research grants and/or fees for lectures, advisory boards, scientific
consultancies from: AbbVie, Alfa Wasserman, BMS, Gilead, Janssen, Merck,
Roche, Shionogi. DZM, HB, DD, MTZ, ZD, IB, MS, BL, JBW, JC, ŁL, OT, AH, AG
declare no competing interest.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Basic Medical Sciences, School of Public Health in Bytom,
Medical University of Silesia, ID Clinic, Janowska 19, 41-400 Mysłowice,

References
1. Kobayashi N, Iijima H, Tada T, Kumada T, Yoshida M, Aoki T, et al. Changes
in liver stiffness and steatosis among patients with hepatitis C virus
infection who received direct-acting antiviral therapy and achieved
sustained virological response. Eur J Gastroenterol Hepatol. 2018;30:546–51.
https://doi.org/10.1097/MEG.0000000000001106.
2. Tada T, Kumada T, Toyoda H, Sone Y, Takeshima K, Ogawa S, et al. Viral
eradication reduces both liver stiffness and steatosis in patients with
chronic hepatitis C virus infection who received direct-acting anti-viral
therapy. Aliment Pharmacol Ther. 2018;47:1012–22. https://doi.org/10.1111/
apt.14554.
3. Trivedi HD, Lin SC, TY Lau D. Noninvasive Assessment of Fibrosis Regression
in Hepatitis C Virus Sustained Virologic Responders. Gastroenterol Hepatol.
2017;13:587–95.
4. Kozbial K, Moser S, Al-Zoairy R, Schwarzer R, Datz C, Stauber R, et al. Followup of sustained virological responders with hepatitis C and advanced liver
disease after interferon/ribavirin-free treatment. Liver Int. 2017. https://doi.
org/10.1111/liv.13629.
5. Bartlett SR, Grebely J, Eltahla AA, Reeves JD, Howe AYM, Miller V, et al.
Sequencing of hepatitis C virus for detection of resistance to direct-acting
antiviral therapy: a systematic review. Hepatol Commun. 2017;22(1):379–90.
https://doi.org/10.1002/hep4.1050.
6. Kjellin M, Wesslén T, Löfblad E, Lennerstrand J, Lannergård A. The effect of
the first-generation HCV-protease inhibitors boceprevir and telaprevir and
the relation to baseline NS3 resistance mutations in genotype 1: experience
from a small Swedish cohort. Ups J Med Sci. 2018;123:50–6. https://doi.org/
10.1080/03009734.2018.1441928.
7. Wang GP, Terrault N, Reeves JD, Liu L, Li E, Zhao L, et al. Prevalence and
impact of baseline resistance-associated substitutions on the efficacy of
ledipasvir/sofosbuvir or simeprevir/sofosbuvir against GT1 HCV infection. Sci
Rep. 2018;8:3199. https://doi.org/10.1038/s41598-018-21303-2.
8. European Association for the Study of the Liver. EASL Recommendations on
Treatment of Hepatitis C. 2015. J Hepatol. 2015;63:199–236.
9. Hepatitis C Guidance. AASLD-IDSA recommendations for testing, managing,
and treating adults infected with hepatitis C virus. HEPATOLOGY. 2015;62(3):
932–54.
10. Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E, et al.
Ledipasvir and sofosbuvir for previously treated HCV genotype 1 infection.

Janczewska et al. BMC Infectious Diseases

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

(2018) 18:580

N Engl J Med. 2014;370(16):1483–93. https://doi.org/10.1056/
NEJMoa1316366.
Bourlière M, Bronowicki JP, de Ledinghen V, Hézode C, Zoulim F, Mathurin
P, et al. Ledipasvir-sofosbuvir with or without ribavirin to treat patients with
HCV genotype 1 infection and cirrhosis non-responsive to previous
protease-inhibitor therapy: a randomised, double-blind, phase 2 trial
(SIRIUS). Lancet Infect Dis. 2015;15:397–404. https://doi.org/10.1016/S14733099(15)70050-2.
Lawitz E, Poordad FF, Pang PS, Hyland RH, Ding X, Mo H, et al. Sofosbuvir
and ledipasvir fixed-dose combination with and without ribavirin in
treatment-naive and previously treated patients with genotype 1 hepatitis C
virus infection (LONESTAR): an open-label, randomised, phase 2 trial. Lancet.
2014;383(9916):515–23. https://doi.org/10.1016/S0140-6736(13)62121-2.
Sulkowski MS, Gardiner DF, Rodriguez-Torres M, Reddy KR, Hassanein T,
Jacobson I, et al. Daclatasvir plus sofosbuvir for previously treated or
untreated chronic HCV infection. N Engl J Med. 2014;370:211–21. https://doi.
org/10.1056/NEJMoa1306218.
Flisiak R, Janczewska E, Wawrzynowicz-Syczewska M, Jaroszewicz J,
Zarębska-Michaluk D, Nazzal K, et al. Real-world effectiveness and safety of
ombitasvir/paritaprevir/ritonavir ± dasabuvir ± ribavirin in hepatitis C:
AMBER study. Aliment Pharmacol Ther. 2016;44(9):946–56. https://doi.org/10.
1111/apt.13790.
Halota W, Flisiak R, Boroń-Kaczmarska A, Juszczyk J, Małkowski P, Pawłowska
M, et al. Recommendations for the treatment of hepatitis C issued by the
polish group of HCV experts – 2016. Clin Exp Hepatol. 2016;2:27–33. https://
doi.org/10.5114/ceh.2016.59099.
Flisiak R, Pogorzelska J, Berak H, Horban A, Orłowska I, Simon K, et al.
Prevalence of HCV genotypes in Poland - the EpiTer study. Clin Exp Hepatol.
2016;2:144–8. https://doi.org/10.5114/ceh.2016.63871.
Halota W, Flisiak R, Juszczyk J, Małkowski P, Pawłowska M, Simon K, et al.
Recommendations for the treatment of hepatitis C in 2017. Clin Exp
Hepatol. 2017;3(2):47–55 https://doi.org/10.5114/ceh.2017.67782.
Gonçales FL Jr, Moma CA, Vigani AG, Ngerami AF, Gonçales ES, Tozzo R,
et al. Retreatment of hepatitis C patients with pegylated interferon
combined with ribavirin in non-responders to interferon plus ribavirin. Is it
different in real life. BMC Infect Dis. 2010;10:212. https://doi.org/10.1186/
1471-2334-10-212.
Oze T, Hiramatsu N, Yakushijin T, Mochizuki K, Oshita M, Hagiwara H, et al.
Efficacy of re-treatment with pegylated interferon plus ribavirin combination
therapy for patients with chronic hepatitis C in Japan. J Gastroenterol. 2011;
46:1031–7. https://doi.org/10.1007/s00535-011-0409-7.
Berg T, von Wagner M, Nasser S, Sarrazin C, Heintges T, Gerlach T, et al.
Extended treatment duration for hepatitis C virus type 1: comparing 48
versus 72 weeks of peginterferon- alfa-2a plus ribavirin. Gastroenterology.
2006;130(4):1086–97.
Jacobson I, McHutchison J, Dusheiko G, Di Bisceglie AM, Reddy KR, Bzowej
NH, et al. Telaprevir for previously untreated chronic hepatitis C virus
infection. N Engl J Med. 2011;364:2405–16.
Poordad F, McCone J Jr, Bacon BR, Bruno S, Manns MP, Sulkowski MS, et al.
Boceprevir for untreated chronic HCV genotype 1 infection. N Engl J Med.
2011;364(13):1195–206.
Zeuzem S, Andreone P, Pol S, Lawitz E, Diago M, Roberts S, et al. Telaprevir
for retreatment of HCV infection. N Engl J Med. 2011;364(25):2417–28.
Bacon BR, Gordon SC, Lawitz E, Marcellin P, Vierling JM, Zeuzem S, et al.
Boceprevir for previously treated chronic HCV genotype 1 infection. N Engl
J Med. 2011;364(13):1207–17.
Reddy KR, Zeuzem S, Zoulim F, Weiland O, Horban A, Stanciu C, et al.
Simeprevir versus telaprevir with peginterferon and ribavirin in previous null
or partial responders with chronic hepatitis C virus genotype 1 infection
(ATTAIN): a randomised, double-blind, non-inferiority phase 3 trial. Lancet
Infect Dis. 2015;15:27–35. https://doi.org/10.1016/S1473-3099(14)71002-3
Erratum in: Lancet Infect Dis. 2016 Apr;16(4):404.
Cento V, Barbaliscia S, Lenci I, Ruggiero T, Magni CF, Paolucci S, et al.
Optimal efficacy of interferon-free HCV retreatment after protease inhibitor
failure in real life. Clin Microbiol Infect. 2017;23:777.e1–4. https://doi.org/10.
1016/j.cmi.2017.04.005.
Welzel TM, Hinrichsen H, Sarrazin C, Buggisch P, Baumgarten A, Christensen
S, et al. Real-world experience with the all-oral, interferon-free regimen of
ombitasvir/paritaprevir/ritonavir and dasabuvir for the treatment of chronic
hepatitis C virus infection in the German hepatitis C registry. J Viral Hepat.
2017;24:840–9.

Page 9 of 9

28. Calleja JL, Crespo J, Rincón D, Ruiz-Antorán B, Fernandez I, Perelló C, et al.
Effectiveness, safety and clinical outcomes of direct-acting antiviral therapy
in HCVgenotype 1 infection: results from a Spanish real-world cohort.
J Hepatol. 2017;66:1138–48. https://doi.org/10.1016/j.jhep.2017.01.028.
29. Dietz J, Susser S, Vermehren J, Peiffer KH, Grammatikos G, Berger A, et al.
Patterns of Resistance-Associated Substitutions in Patients With Chronic
HCV Infection Following Treatment With Direct-Acting Antivirals.
Gastroenterology. 2018;154(4):976–988.e4. https://doi.org/10.1053/j.gastro.
2017.11.007.
30. Di Maio VC, Cento V, Lenci I, Aragri M, Rossi P, Barbaliscia S, et al. Multiclass
HCV resistance to direct-acting antiviral failure in real-life patients advocates
for tailored second-line therapies. Liver Int. 2017;37:514–28. https://doi.org/
10.1111/liv.13327.
31. Kozuka R, Hai H, Motoyama H, Fujii H, Uchida-Kobayashi S, Morikawa H,
et al. The presence of multiple NS5A RASs is associated with the outcome
of sofosbuvir and ledipasvir therapy in NS5A inhibitor-naïve patients with
chronic HCV genotype 1b infection in a real-world cohort. J Viral Hepat.
2017. https://doi.org/10.1111/jvh.12850.

