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Background
Few data are available on the virological and clinical outcomes of advanced liver disease
patients retreated after first-line DAA failure.

Aim
To evaluate DAA failure incidence and the retreatment clinical impact in patients treated in
the advanced liver disease stage.

Methods
Data on HCV genotype, liver disease severity, and first and second line DAA regimens were
prospectively collected in consecutive patients who reached the 12-week post-treatment
and retreatment evaluations from January 2015 to December 2016 in 23 of the PITER network centers.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185728 October 4, 2017

1 / 13

Failure to HCV Direct Acting Antivirals

reasons. Dr. LA Kondili (loreta.kondili@iss.it) is in
charge for data management and the readers may
contact her for specific data request. She will
provide the necessary ethical clearances for access
to data. Interested readers may contact Carlo
Petrini (carlo.petrini@iss.it) from the Ethical
Committee of Istituto Superiore di Sanità to request
access to patient level data.
Funding: The authors received no specific funding
for this work. However, the PITER platform has
been supported by Italian Ministry of health Grant
"Research project PITER2010" RF-2010-2315839
to SV and by unconditioned partial support from
Bristol-Myers Squibb and Merck (MSD Italia).
Competing interests: The authors have declared
that no competing interests exist. The PITER
platform has been supported by Italian Ministry of
health Grant "Research project PITER2010" RF2010-2315839 to SV and by unconditioned partial
support from Bristol-Myers Squibb and Merck
(MSD Italia). This does not alter our adherence to
PLOS ONE policies on sharing data and materials.

Results
Among 3,830 patients with advanced fibrosis (F3) or cirrhosis, 139 (3.6%) failed to achieve
SVR. Genotype 3, bilirubin levels >1.5mg/dl, platelet count <120,000/mm3 and the sofosbuvir+ribavirin regimen were independent predictors of failure by logistic regression analysis.
The failure rate was 7.6% for patients treated with regimens that are no longer recommended or considered suboptimal (sofosbuvir+ribavirin or simeprevir+sofosbuvir±ribavirin),
whereas 1.4% for regimens containing sofosbuvir combined with daclatasvir or ledipasvir or
other DAAs. Of the patients who failed to achieve SVR, 72 (51.8%) were retreated with a
second DAA regimen, specifically 38 (52.7%) with sofosbuvir+daclatasvir, 27 (37.5%) with
sofosbuvir+ledipasvir, and 7 (9.7%) with other DAAs ±ribavirin. Among these, 69 (96%)
patients achieved SVR12 and 3 (4%) failed. During a median time of 6 months (range: 5–14
months) between failure and the second DAA therapy, the Child-Pugh class worsened in 12
(16.7%) patients: from A to B in 10 patients (19.6%) and from B to C in 2 patients (10.5%),
whereas it did not change in the remaining 60 patients. Following the retreatment SVR12
(median time of 6 months; range: 3–12 months), the Child-Pugh class improved in 17
(23.6%) patients: from B to A in 14 (19.4%) patients, from C to A in 1 patient (1.4%) and
from C to B in 2 (2.9%) patients; it remained unchanged in 53 patients (73.6%) and worsened in 2 (2.8%) patients. Of patients who were retreated, 3 (4%) had undergone OLT
before retreatment (all reached SVR12 following retreatment) and 2 (2.8%) underwent OLT
after having achieved retreatment SVR12. Two (70%) of the 3 patients who failed to achieve
SVR12 after retreatment, and 2 (2.8%) of the 69 patients who achieved retreatment SVR12
died from liver failure (Child-Pugh class deteriorated from B to C) or HCC complications.

Conclusions
Failure rate following the first DAA regimen in patients with advanced disease is similar to or
lower than that reported in clinical trials, although the majority of patients were treated with
suboptimal regimens. Interim findings showed that worsening of liver function after failure, in
terms of Child Pugh class deterioration, was improved by successful retreatment in about
one third of retreated patients within a short follow-up period; however, in some advanced
liver disease patients, clinical outcomes (Child Pugh class, HCC development, liver failure
and death) were independent of viral eradication.

Introduction
An estimated 71 million people worldwide are chronically infected with the hepatitis C virus
(HCV) [1]. Chronic HCV infection places a large burden on health systems because it is one of
the leading causes of cirrhosis, hepatocellular carcinoma (HCC) and orthotropic liver transplantation (OLT) [2,3]. Following the introduction of therapy with interferon (IFN)-free
Direct Acting Antivirals (DAAs), the World Health Organization (WHO) set the goal of
reducing liver-related deaths by 65% by the year 2030 [4].
For HCV therapy to be considered successful, its use should result in viral clearance with a
sustained virologic response (SVR), as well as improved clinical outcomes. Following IFNbased treatment, SVR has been found to be associated with improved overall clinical outcomes
[5,6]. In patients with compensated HCV-related cirrhosis, SVR was associated with slower
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disease progression, fewer liver-related mortalities, and the survival rate is similar to that of the
general population [7–9]. Marked improvements in clinical outcomes following SVR have also
been reported in patients with severe liver damage [10–12].
The universal treatment of all HCV-infected individuals has been hampered by the high
cost of DAAs, which makes difficult for the payers to sustain their use. From January 2015 to
March 2017, the Italian Medicines Agency limited the use of DAA to patients with advanced
and progressive liver disease and to a few other categories of patients [13].
DAAs are highly effective, well tolerated and can be administered even in patients with
advanced liver disease. However, the failure to eradicate HCV RNA with DAAs remains an
important challenge mainly in this subset of patients [14]. The objective of the present analysis
was to estimate the incidence of DAA failure and the clinical impact of retreatment in a reallife cohort of patients with advanced fibrosis/cirrhosis.

Patients and methods
Patients
The study was prospective in design and was conducted among patients attending 23 clinical
centers involved in PITER (Italian Platform for the Study of Therapies for Viral Hepatitis)
[15]. For the purpose of the present study, we retrieved all consecutive patients treated with
DAA who reached the 12-week post-treatment HCV RNA evaluation from January 2015 to
June 2016. The study population included patients eligible for DAA according to the indications of the Italian Medicines Agency, which limit use mainly to patients with advanced and
progressive liver disease (i.e., fibrosis stage of F3 or higher), patients with severe extrahepatic
HCV manifestations and patients who had undergone orthotropic liver transplantation
(OLT), independently of the liver disease stage [13–16].
The DAAs available in Italy from January to May 2015 were sofosbuvir (SOF) and simeprevir (SIM), whereas since June 2015, daclatasvir and the fixed dose combinations ledipasvir
(LDV)/SOF and ombitasvir/paritaprevir /ritonavir+dasabuvir (3D regimen) have also been
available.
Data were collected on the HCV genotype, the liver disease stage and the DAA regimen
used. Patients enrolled in clinical trials were excluded from the study. SVR was defined as
being HCV-RNA-negative at the end of treatment and at the 12-week post-treatment evaluation. SVR was defined as undetectable HCV-RNA level as assessed by highly sensitive molecular methods (lower limit of detection ranging from < = 12 to < = 15 IU/ml), 12 weeks after
completion of anti HCV therapy. This is referred to as the SVR12 and achieving an SVR12 is
the goal of therapy. The fibrosis stage was defined based on liver transient elastography data,
which were considered as validated if each patient had at least 10 valid stiffness measurements,
with a success rate of at least 80%, an interquartile range of less than 30% of the median stiffness score, and a Body Mass Index of <30kg/m2. F3 fibrosis stage was classified if the stiffness
score was within the range of 9.5–12.5 kPa. Liver disease was classified as “progressive/severe
liver disease” if the stiffness score was equal to or higher than 12.5 kPa or if there were signs of
liver cirrhosis (signs of portal hypertension) [17,18]. The diagnosis of cirrhosis was based on
liver biopsy data or either transient elastography or a combination of clinical, laboratory and
imaging findings.
The overall duration of the observation included the period from January 2015 to December 2016 (end of the period for SVR12 evaluation for patients who were retreated with a second DAA regimen during the period from January 2015 to June 2016). The following clinical
data were collected at baseline following the first and second treatment and at the end of the
follow-up of the second treatment: liver fibrosis stage and/or presence of clinical cirrhosis,
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Child-Pugh score and complications of severe liver disease, if present (i.e., ascites, encephalopathy, spontaneous bacterial peritonitis, esophageal varices, bleeding from esophageal varices,
and HCC development). Patients underwent semiannual US surveillance, and the diagnosis of
HCC was based on international guidelines [19]. Data were also collected on OLT and previous IFN treatment.

Statistical analysis
Differences among the proportions were evaluated by chi-square or Fisher test, as appropriate,
whereas the Student test was used for continuous variables. A P-value of less than 0.05 was
considered as significant.
The crude odds ratios (ORs) that link HCV treatment failure to potential risk factors (age,
gender, previous IFN-based treatment, HCV RNA genotype, presence of cirrhosis versus F3
fibrosis stage, bilirubin levels, platelets count, and DAA treatment regimens) were calculated
by univariate analysis. Adjusted ORs were calculated by multiple logistic regression analysis to
identify variables that were independently associated with failure. The reference category for
OR estimates was that of the most favorable levels of exposure. HCC incidence was reported as
de novo HCC in patients without the HCC diagnosis at baseline, prior to start of treatment.

Ethics
The study was conducted in accordance with the guidelines of the Declaration of Helsinki and
the principles of Good Clinical Practice. The study protocol was approved by the Ethic Committee of Istituto Superiore di Sanità (Italian National Institute of Public Health) and by the
local Ethics Committees of each clinical center. The patients’ data were evaluated through an
anonymous analysis, adopting codes generated by the electronic case-report form. Informed
consent had been obtained from each patient participating in this study.

Results
Patient characteristics at the first DAA treatment, by genotype and DAA
regimen
From January 2015 to June 2016, 3,869 consecutive patients underwent IFN-free DAA treatment. Of these patients, 3,691 (95.3%) reached the SVR12, 139 (3.6%) did not achieve the
SVR12, and 39 (1.1%) did not complete the 12-week post-treatment evaluation. The baseline
characteristics of the patients who completed the DAA treatment according to the response to
treatment are reported in Table 1. No differences were observed between those who reached
SVR12 and those who did not in terms of age, gender, liver function tests (transaminase levels)
and Meld score, whereas HCV RNA genotype 3, Child Pugh class B/C, bilirubin levels higher
than 1.5 mg/dl and platelets count equal or less than 120,000/mm3 were significantly more represented among non-responders. SOF+ribavirin (RBV) compared to the use of 2DAAs combination regimens, was more frequently used among non-responders. According to the logistic
regression analysis, an independent association was found between treatment failure and older
age, genotype 3 (OR 1.9; 95% CI: 1.1–3.5), bilirubin levels higher than 1.5 mg/dl (OR 1.8; 95%
CI: 1.1–3.4), platelet count lower than 120,000/mm3 (OR 1.9; 95% CI: 1.1-3-4) and SOF+ RBV
regimen (OR 2.6; 95% CI: 1.6–4.3) (Table 2).
Failure rates following the first DAA regimen, according to HCV genotype and treatment
regimen are reported in Table 3. The highest failure rate (9.6%) was observed for patients
treated with SOF+RBV, for all genotypes except genotype 2, for which the failure rate was low
(1.6%). The failure rate for SOF+SIM ±RBV, when used for genotypes 1 and 4, for which it
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Table 1. Characteristics of the study patients according to SVR following the first DAA treatment.
Variables

N. of patients
Failure
139 (%)

N. of patients
SVR12
3,691 (%)

P value

Age

58 years (range: 34–85)

59 years (range: 34–84)

0.1

Female/Male

31 (22.3)

993 (26.9)

0.2

Male

108 (77.6)

2,698 (73.1)

IFN experienced

63 (45.3)

1,801 (48.7)

Naive

76 (54.7)

1,890 (51.2)

Genotypes 1

80 (57.6)

2,622 (71.0)

Genotype 2

9 (6.4)

547 (14.8)

Genotype 4/5

12 (8.6)

182 (4.9)

Genotype 3

38 (27.3)

340 (9.2)

F3 Fibrosis stage

17 (12.2)

658 (17.8)

F4/Cirrhosis
Child Pugh Class A

86 (61.2)

2945 (79,8)

F4/Cirrhosis
Child Pugh Class B/C

36 (25.8)

746 (20.2)

Bilirubin levels 1.5 mg/dl

103 (74.1)

3,215 (87.1)

Bilirubin levels >1.5 mg/dl

36 (25.8)

476 (12.9)

63 (45.3)

2,190 (59.3)

Platelets count 120,000/ mm

76 (54.7)

1,501 (40.6)

Median Meld score (Range)

9.7 (6–20)

9.2 (6–18)

0.3

Median Alanine Aminotransferase Levels U/l (Range)

66 (49–120)

57 (43–134)

0.2

Median Aspartate Aminotransferase Levels U/l (Range)

72 (49–102)

68 (55–98)

0.2

2DAA±RBV treatment

71 (51.1)

3,049 (83)

<0.001

SOF/RBV treatment

68 (48.9)

642 (17)

Platelets count >120,000/mm3
3

0.4
<0.001

0.02

<0.001
<0.001

https://doi.org/10.1371/journal.pone.0185728.t001

Table 2. Univariate and logistic regression analysis linking failure with independent variables.
Variables

Crude OR
95% CI

Adjusted OR
95% CI
0.97 (0.94–0.98)

Age

0.97 (0.95–0.99)

Female

0

Male

1.7 (0.9–2.6)

IFN experienced

0

Naive

1 (0.68–1.46)

Genotypes 1

0

1.3 (0.8–2.2)
1.5 (0.9–2.2)

Genotype 2
Genotype 4/5
Genotype 3

3.4 (2.2–5.4)

F3 Fibrosis stage

0

F4/Cirrhosis

1.79 (0.9–3.4)

Bilirubin levels 1.5

0

Bilirubin levels >1.5

2.08 (1.4–3.06)

Platelets count >120,000

0

Platelets count 120,000

1.68 (1.2–2.4)

2DAA±RBV treatment

0

SOF/RBV treatment

2.5 (1.8–3.6)

1.9 (1.1–3.5)
1.25 (0.6–2.5)
1.8 (1.1–3.4)
1.9 (1.1–3.4)
2.6 (1.6–4.3)

https://doi.org/10.1371/journal.pone.0185728.t002
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Table 3. Failure rates following the first DAA regimen, by HCV genotype and treatment regimen in patients who completed the 12 weeks post treatment evaluation (n = 3,830 patients).
Overall
DAA regimen

HCV genotype
N. of failures/N. of treated patients (%)

N. of failures/N. of treated patients (%)

1a

1b

2

3

4

5

139/3830 (3.6)
SOF+RBV

68/710
(9.6)

5/15
(33.3)

20/56
(35.7)

8/499
(1.6)

32/132
(24.2)

3/8
(37.5)

-

SOF+SIM±RBV

38/683
(5.6)

8/99
(8)

24/520
(4.6)

1/2
(50)

1/1
(100)

3/60
(5)

1/1
(100)

SOF+LDV±RBV

16/1002
(1.6)

3/200
(1.5)

10/752
(1.3)

-

0/1
(0)

3/44
(6.8)

0/5
(0)

3D±RBV

9/894
(1)

3/86
(3.5)

6/806
(0.7)

-

-

0/2
0

-

2D+RBV

2/64
(3.1)

-

-

-

-

2/59
3.4%

0/5
(0)

SOF+DCV±RBV

6/471
(1.3)

0/47
0

1/115
(0.9)

0/55
(0)

5/244
(2)

0/10
(0)

SIM+DCV

0/6
(0)

-

0/6
(0)

-

-

-

-

https://doi.org/10.1371/journal.pone.0185728.t003

was recommended, was 5.2%. Overall, the failure rate of the regimens that are no longer recommended (SOF+RBV) and those considered to be suboptimal (SOF/SIM±RBV), was 7.6%
(106/1,393 patients), whereas for the regimens that are currently deemed appropriate, it was
1.4% (33/2,437 patients). In IFN-experienced patients, RBV was used and/or treatment was
extended from 12 to 24 weeks, as recommended by guidelines. Only in 2 (1.4%) of the 140
patients (IFN-naïve, genotype 3, with cirrhosis), the use of SOF+DCV for 24 weeks was not
associated with the use of RBV, as recommended. Lastly, a high failure rate (50–100%) was
recorded in a few patients with HCV genotypes 2, 3 and 5, who received inappropriate treatment with SOF+SIM±RBV.

Second DAA regimen following failure
After a median time of 6 months (range: 5–14 months) from the first treatment failure, 72
(51.8%) of the 139 patients who failed to achieve the SVR12 were treated with a second DAA
regimen, with or without RBV, with treatment lasting 24 weeks, as recommended by the most
recent guidelines of the European Association for the Study of the Liver (EASL) [19]. All the
72 retreated patients had liver cirrhosis. The second DAA regimen consisted of: i) SOF/DCV
in 38 patients (52.8%) (of whom 23, who had either genotype 1a or 3, also received RBV), ii)
SOF/LDV in 27 patients (37.5%) (of whom 13, who had either genotype 1a or 4, received
RBV), or iii) other DAA regimens in 7 patients (9.7%), as shown in Table 4.
Overall, the SVR was achieved in 69 (95.8%) of the 72 patients. Among the 38 patients treated
with SOF/DCV, 36 (94.7%) achieved SVR12 and 2 (5.3%) had treatment failure (one with genotype 1 and one with genotype 3). Of the 27 patients treated with SOF/LDV, 26 (96.3%) achieved
SVR12, and 1 (3.7%) experienced treatment failure (genotype 1a). The few patients retreated with
other regimens, as reported in Table 4, did not show failure following retreatment.

Modifications of liver disease stage following DAA failure and
retreatment
Fig 1A shows the modifications in disease severity in the 72 patients who had cirrhosis and
were retreated. Following treatment failure to retreatment (median time 6 months; range:
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Table 4. Patients who received a second DAA treatment, by type of first regimen and HCV genotype (n = 72 patients).
Second DAA Regimen
First DAA Regimen

SOF+DCV
Number of patients (%)
N. patients
38
(52.7%)

Gt1

Gt2

Gt3

SOF+LDV
Number of patients (%)
Gt4

N. patients
27
(37.5%)

Gt1

14

11 (78.6)

Gt3

Other Regimens
Gt4

1(7.1) 2(14.2)

N. patients
7
(9.7%)

Gt1, Gt3, Gt4

1

PEG+SOF+RBV
(Gt3)

2

3D (Gt1);
2D (Gt4)
3D; (Gt1)
SOF+SIM
(Gt1 and Gt4)

SOF+RBV

29

7* (24.1) 3 (10.3) 19* (65.5)

SOF+SMV

9

7 (77.8)

-

-

2 (22.2)

13

13* (100)

SOF+LDV

-

-

-

-

-

-

-

-

-

4

SVR12

36
(94.7)

13 (92.8)

3
(100)

18
(94.7)

2
(100)

26
(96.3)

23
(95.8)

1
(100)

2
(100)

8
(100)

*1 patient Gt1 and 1 patient Gt3 did not achieved the SVR12 to the retreatment with SOF+DCV; 1 patient Gt1 did not achieved the SVR12 to the
retreatment with SOF+LDV
https://doi.org/10.1371/journal.pone.0185728.t004

5–14 months), the Child-Pugh class worsened in 12 (16.7%) patients from A to B in 10 patients
(19.6%) and from B to C in 2 patients (10.5%), whereas it remained unchanged in the remaining 60 patients. Following the retreatment SVR12 to the end of the study (median time of 6
months; range: 3–12 months), the Child-Pugh class improved in 17 (23.6%) patients: from B
to A in 14 (19.4%) patients, from C to A in 1 patient (1.4%) and from C to B in 2 (2.9%)
patients; it remained unchanged in 53 patients (73.6%) and worsened in 2 (2.8%) patients.
Following the first DAA failure, in patients with an increase in the Child-Pugh class, the
mean MELD score pre-treatment was 9 (range: 7–13) and post-treatment failure was 12
(range: 9–15) (p<0.05). In patients in whom the Child-Pugh class was unmodified after failure,
the mean pre- and post-treatment MELD score was 8 (range: 6–9) in Child-Pugh class A
patients, while in Child-Pugh B class patients the pre-treatment MELD score was 12 (range:
9–21) and the post-treatment score was 13 (range: 9–17) (p = 0.03). Following the retreatment
SVR, in Child-Pugh class B patients with a MELD score >12, the median MELD score significantly improved from 15 to 10 (P<0.001), whereas it did not change in the remaining retreated
patients.
Both ascites and encephalopathy showed a numerical increase after treatment failure, followed by a decrease after SVR12, although the numbers were too small to allow for a meaningful statistical comparison (data not shown). No variceal bleeding or episodes of Spontaneous
Bacterial Peritonitis occurred during the study period. Of the 72 patients who were retreated, 3
(4%) had undergone OLT before retreatment, for liver failure and/or they had developed HCC
(all reached SVR12 following retreatment) and 2 (2.8%) underwent OLT after having achieved
retreatment SVR12 (one in Child-Pugh class B cirrhosis and one for HCC development). Two
(70%) of the 3 patients who also failed to achieve SVR12 after retreatment, and 2 (2.8%) of the
69 patients who achieved retreatment SVR12 died from liver failure complications (ChildPugh class deteriorated from B to C) or from HCC.
Of 67 (4%) patients who were awaiting retreatment following the study period (median
time of follow-up 6 months: range 5.3–12.4 months), 50 had liver cirrhosis, 35 in Child Pugh
A class and 15 in Child Pugh B class. Of 35 patients in Child Pugh A class 4 (11.4%) worsened
in Child Pugh B class during the study period whereas the remaining did not change it (Fig
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Fig 1. Modifications of liver disease stage following DAA treatment in patients with cirrhosis. (A) Baseline, post-failure and
post-retreatment SVR12 changes of Child Pugh Class; (B) baseline and post-failure changes of Child Pugh Class for patients who
were not retreated yet; (C) baseline and post-SVR12 changes of Child Pugh Class for patients who achieved SVR12 following the first
DAA treatment. Bold arrows indicate patients who did not change the Child Pugh Class. Dashed arrows indicate patients who
worsened the Child Pugh Class, whereas the grey arrows indicate patients who improved the Child Pugh class. In the curly brackets
are reported the number of patients for specific changes observed in the Child Pugh classes in the three points of evaluation.
n = number of patients.
https://doi.org/10.1371/journal.pone.0185728.g001

1B). Pre-treatment Meld score was 8 (range: 6–17) whereas during the awaiting treatment follow up period (until the end of the study) it was 9.2 (range: 7–17) (p = 0.2).
Of patients who achieved the SVR following the first line DAA therapy an interim analysis of
short time clinical outcomes was available for 481 patients with liver cirrhosis who had at least
more than 3-month follow-up (median follow-up 5.5 months: range 3.8–9.4 months) following
SVR. Among them, in the 76 Child-Pugh class B patients the classification improved to ChildPugh A in 56 patients (74%), while in 345 Child-Pugh class A patients, the classification remained
stable in 323 patients (94%) and worsened to Child-Pugh B in 22 patients (6%) (Fig 1C).

HCC incidence
Following treatment failure, de novo HCC was observed in 16 (13.8%) of the 116 patients with
cirrhosis, free of HCC at baseline (6 of 122 patients with liver cirrhosis in whom HCC was
present prior to the start of first DAA treatment were excluded by this analysis). In particular,
it was diagnosed at the end of treatment (or 1 month after the end of treatment) in 6 patients
(37.5%) and during a median follow-up of 6 months (range: 3–11 months) in 10 patients
(62.5%). At the retreatment SVR12, HCC was diagnosed in 4 of the 56 patients (7.1%) free of
HCC at start of the retreatment.
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Discussion
The overall failure rate for DAA in a large, consecutive series of HCV patients with advanced
liver disease in this multicenter, real-life study was 3.6%, which is similar to or even lower than
rates reported by clinical trials [20,21,22]. The low failure rate was achieved despite the fact
that regimens containing SOF+RBV and SOF/SIM, which are no longer recommended, were
used in 1,393 patients (36.4%), given that they were the only regimens available at the time.
The results of this study indicate that SOF/RBV treatment, genotype 3, and the severity of liver
disease (as indicated by high bilirubin levels and low platelet counts) are significantly associated to failure. The length of DAA treatment and the use of ribavirin for each patient were
applied in accordance with European Association for the Study of the Liver recommendations,
which could be one of the main reasons for the low relapse rate, despite the use of regimens
that are no longer recommended or suboptimal in this subset of difficult to treat patients.
Although sofosbuvir is a highly potent inhibitor of the NS5B polymerase, with a high
potency and a high barrier to resistance, its use as DAA monotherapy in combination with
ribavirin is currently not recommended [20–22]. This treatment regimen was mainly used
until mid-2015 because it was the only option available for patients infected with HCV genotype 2 or 3 [16]. The results of our study strongly confirm the high failure rate following the
use sofosbuvir as DAA monotherapy in all but HCV genotype 2 infected patients. The low failure rate observed in this study in patients infected by HCV genotype 2 was possibly because of
the treatment duration (16–24 weeks in most of the patients). In accordance with the scientific
guidelines of the American Association for the Study of Liver Diseases, the European Association for the Study of the Liver and the Asian Pacific Association for the Study of the Liver the
use of at least 2 DAAs has significantly decreased the failure rate in all genotypes, as clearly
indicated by the results of this study [20–22]. SOF/SIM was the first regimen available following SOF/RBV, which explains its wide use in this population. Our data confirm that the failure
rate of SOF/SIM was significantly lower than SOF/RBV for genotypes 1 and 4. Interestingly,
SOF/SIM showed a failure rate similar to that for SOF/LDV when used for genotype 4, whereas
this did not hold true for genotype 1 (SOF/SIM vs. SOF/LDV vs. SOF/DCV: 5.2% vs 1.4% vs
0.6%, respectively; P<0.001). In fact, we observed that when new DAA regimens became available, the failure rate dramatically decreased, from 7.6% (failure rate observed in the first period
of treatment, 2015) to 1.4% in the second period (end of 2015–2016). These findings are particularly relevant given the fact that in Italy access to DAA treatment was initially restricted to
patients with a clinical or elastography diagnosis of liver cirrhosis and to patients with
advanced liver fibrosis.
Regarding retreatment with a second DAA regimen, all patients who failed to the first DAA
treatment were eligible to retreatment. Most of these patients (106 of 139: 77%) were previously
treated with SOF+RBV or SOF/SIM. During the study period, 72 (67.3%) of them received a
second treatment by adding a second DAA (when SOF+RBV was used in the first treatment) or
a regimen containing an NS5A inhibitor, in accordance with the European Association for the
Study of the Liver guidelines. Of the remaining 67 not retreated patients, 38 (35.8%) treated
with a first line SOF/RBV or SOF/SIM (30 in Child Pugh Class A and 5 in Child Pugh B class)
were awaiting second treatment access (median time from failure to the end of the study 5
months: range 2–8 months) whereas 29 (87.9%) treated with a first line NS5A inhibitor were
waiting for the resistance test or more appropriate future DAA regimens. Considering the presence of advanced fibrosis in most of the patients, prompt re-treatment to halt viral replication
and disease progression would be more than desirable. Thus to guarantee the most appropriate
therapeutic option considering the only available regimens reported in this study, a resistance
test could be performed to minimize the risk of a second treatment failure.
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The most important results of this study deal with the clinical events for who first failed to
eradicate HCV, from baseline to treatment outcome, which were prospectively monitored
both after the first DAA course and following retreatment. In this regard, we hypothesized that
the deterioration of the Child-Pugh class as well as the first appearance of signs of liver decompensation, such as ascites and/or encephalopathy, and liver related deaths could be associated
with continuous HCV replication and therefore liver necro-inflammatory activity [23–25]. As
previously reported, improvement in important clinical outcomes has been observed in cirrhotic patients following SVR [7,26]. In our study, following SVR12 after retreatment, an
improvement in Child-Pugh class was observed in 17 (23.6%) of the patients with decompensated liver disease whereas in part of patients for whom the Child-Pugh class did not change
(i.e., class A patients) and electrography data were available, liver stiffness significantly
improved following successful retreatment (data not shown).
The results of this ongoing study on patients who obtained the SVR12 in PITER cohort, further confirms the benefit of obtaining SVR in clinical outcomes even in patients who had
cirrhosis.
However, as previously reported in patients with HCV-induced cirrhosis and SVR, although
there is a reduction in risk in patients with cirrhosis, particularly in those with advanced liver
cirrhosis, the progression of liver disease may continue regardless of viral eradication [27–33].
Our data confirm these findings, showing that in a small proportion of patients, liver disease
stage deteriorated, despite the patients’ having achieved SVR, and that only a slight improvement in ascites or encephalopathy was observed in some patients. Furthermore, for 5 (6.9%) of
the patients who failed the first line DAA therapy, OLT was deemed necessary and 2 (2.8%) of
the patients died despite having achieved viral eradication after retreatment. These findings suggest that we should proceed with caution, given that in some patients with advanced liver disease, liver function may not improve, or it may even worsen, regardless of viral eradication.
We observed de novo HCC incidence in 13.8% of the patients who experienced treatment
failure. Several concerns have been recently raised on the potential role of antiviral therapy in
the higher occurrence of HCC in DAA-treated patients with cirrhosis [25,34]. Moreover, a
higher incidence of HCC was reported in patients who experienced treatment failure, compared to those who achieved SVR in the same stage of liver disease in a prospective study
[35,36]. The frequency of de novo HCC was relatively high in this study, and a potential role of
HCC in decreasing the chance of successful DAA treatment, which has been recently reported,
cannot be ruled out [25,34,35,37,38]. To this regard, we should stress that the majority of
HCCs (70%) were observed within 6 months of the end of treatment; it is thus reasonable that
these cancers were sub-clinically present before DAA treatment.
In conclusion, the results of this study, which are based on data collected in a real-life setting, suggest that the failure rate following the first DAA regimen is similar to or lower than
the rates reported in clinical trials. This finding is particularly noteworthy given the fact that
the majority of patients who failed to achieve the SVR12 were treated with DAA regimens that
are now considered as inappropriate taking into account also the severity of liver disease of the
treated population. Although treatment failure is uncommon, its clinical consequences are
important. Interim results showed that patients who experienced treatment failure had a worsening of liver disease, which was nevertheless “rescued” by successful retreatment in the majority of cases. This notwithstanding, some patients had no improvement in liver function
following successful retreatment, which suggests that some caution should be taken in evaluating the potential clinical outcome of viral eradication in patients with advanced liver disease.
Thus it must be stressed that “curing” HCV might not be the ultimate goal in patients with
severe liver disease, although this study was not specifically designed to identify patients who
do not benefit from viral clearance.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185728 October 4, 2017

10 / 13

Failure to HCV Direct Acting Antivirals

Acknowledgments
Authors wish to thank PITER collaborating Group available at www.progettopiter.it.

Author Contributions
Conceptualization: Loreta A. Kondili, Giovanni Battista Gaeta, Edoardo Giovanni Giannini.
Data curation: Loreta A. Kondili, Loredana Falzano, Maria Giovanna Quaranta, Liliana Elena
Weimer, Stefano Rosato.
Formal analysis: Loreta A. Kondili, Stefano Rosato.
Investigation: Loreta A. Kondili, Giovanni Battista Gaeta, Maurizia Rossana Brunetto, Alfredo
Di Leo, Teresa Antonia Santantonio, Giovanni Raimondo, Carmine Coppola, Pierluigi
Blanc, Liliana Chemello, Filomena Morisco, Maria Grazia Rumi, Antonio Gasbarrini,
Marco Massari, Salvatore Madonia, Marco Cannizzaro, Anna Linda Zignego, Francesco
Paolo Russo, Marcello Persico, Erica Villa, Gloria Taliani, Luchino Chessa, Pietro
Andreone, Donatella Ieluzzi, Guglielmo Borgia.
Resources: Andrea Iannone, Adele Giammario, Roberto Filomia, Daniela Caterina Amoruso,
Barbara Del Pin, Luisa Cavalletto, Laura Donnarumma, Maria Grazia Rumi, Massimo Siciliano, Romina Corsini, Barbara Coco, Monica Monti, Alberto Zanetto, Mario Masarone,
Veronica Bernabucci, Elisa Biliotti, Maria Cristina Pasetto, Marzia Margotti, Giuseppina
Brancaccio, Donatella Ieluzzi, Emanuela Zappulo, Vincenza Calvaruso, Salvatore Petta.
Supervision: Stefano Vella.
Visualization: Loreta A. Kondili, Maria Giovanna Quaranta.
Writing – original draft: Loreta A. Kondili.
Writing – review & editing: Giovanni Battista Gaeta, Maurizia Rossana Brunetto, Anna Linda
Zignego, Pietro Andreone, Edoardo Giovanni Giannini.

References
1.

WHO. Hepatitis C. Fact sheet updated April 2017. Available from: http://www.who.int/mediacentre/
factsheets/fs164/en/

2.

Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus infection. Lancet Infect Dis
2005; 5: 558–567. https://doi.org/10.1016/S1473-3099(05)70216-4 PMID: 16122679

3.

Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and regional mortality
from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012; 380: 2095–2128. https://doi.org/10.1016/S0140-6736(12)
61728-0 PMID: 23245604

4.

WHO. Global health sector strategy on viral hepatitis 2016–2021. Available from http://www.who.int/
hepatitis/strategy2016-2021/ghss-hep/en/

5.

George SL, Bacon BR, Brunt EM, Mihindukulasuriya KL,Hoffmann J, Di Bisceglie AM. Clinical, virologic,
histologic, and biochemical outcomes after successful HCV therapy: a 5-year follow-up of 150 patients.
Hepatology. 2009; 49:729–738. https://doi.org/10.1002/hep.22694 PMID: 19072828

6.

D’Ambrosio R, Aghemo A, Rumi MG, Ronchi G, Donato MF, Paradis V, et al. A morphometric and
immunohistochemical study to assess the benefit of a sustained virological response in hepatitis C virus
patients with cirrhosis. Hepatology. 2012; 56: 532–543. https://doi.org/10.1002/hep.25606 PMID:
22271347

7.

Petta S, Di Marco V, Bruno S, Enea M, Calvaruso V, Boccaccio V, et al. Impact of virus eradication in
patients with compensated hepatitis C virus-related cirrhosis: competing risks and multistate model.
Liver Int. 2016; 36: 1765–1773. https://doi.org/10.1111/liv.13156 PMID: 27164508

PLOS ONE | https://doi.org/10.1371/journal.pone.0185728 October 4, 2017

11 / 13

Failure to HCV Direct Acting Antivirals

8.

van der Meer AJ, Wedemeyer H, Feld JJ, Dufour JF, Zeuzem S, Hansen BE, Janssen HL. Life expectancy in patients with chronic HCV infection and cirrhosis compared with a general population. JAMA.
2014; 312: 1927–1928. https://doi.org/10.1001/jama.2014.12627 PMID: 25387192

9.

Bruno S, Zuin M, Crosignani A, Rossi S, Zadra F, Roffi L, et al. Predicting mortality risk in patients with
compensated HCV-induced cirrhosis: a long-term prospective study. Am J Gastroenterol. 2009; 104:
1147–1158. https://doi.org/10.1038/ajg.2009.31 PMID: 19352340

10.

Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS. A sustained viral response is associated with reduced liver-related morbidity and mortality in patients with hepatitis C virus. Clin Gastroenterol Hepatol. 2010; 8: 280–288. https://doi.org/10.1016/j.cgh.2009.11.018 PMID: 19948249

11.

Backus LI, Boothroyd DB, Phillips BR, Belperio P, Halloran J, Mole LA. A sustained virologic response
reduces risk of all-cause mortality in patients with hepatitis C.Clin Gastroenterol Hepatol. 2011; 9: 509–
516. https://doi.org/10.1016/j.cgh.2011.03.004 PMID: 21397729

12.

Simmons B, Saleem J,Heath K, Cooke GS, Hill A. Long-term treatment outcomes of patients infected
with hepatitis C virus: a systematic review and meta-analysis of the survival benefit of achieving a sustained virological response. Clin Infect Dis. 2015; 61: 730–740. https://doi.org/10.1093/cid/civ396
PMID: 25987643

13.

AIFA Guidelines. Available from: http://www.agenziafarmaco.gov.it/content/aggiornamento-epatite-c

14.

Rosen HR. "Hep C, where art thou": What are the remaining (fundable) questions in hepatitis C virus
research? Hepatology. 2017; 65: 341–349. https://doi.org/10.1002/hep.28848 PMID: 27640881

15.

Kondili LA, Vella S, PITER Collaborating Group. PITER: An ongoing nationwide study on the real-life
impact of direct acting antiviral based treatment for chronic hepatitis C in Italy. Digest Liver Dis 2015;
47: 741–743.

16.

Associazione Italiana per lo Studio del Fegato http://www.webaisf.org/media/38212/documento_hcv_
13feb.2017.pdf (accessed March 14, 2017)

17.

Casterà L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using transient elastography. J
Hepatol. 2008; 48: 835–847. https://doi.org/10.1016/j.jhep.2008.02.008 PMID: 18334275

18.

Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, Kazemi F, et al. Noninvasive assessment of
liver fibrosis by measurement of stiffness in patients with chronic hepatitis C. Hepatology. 2005; 41: 48–
54. https://doi.org/10.1002/hep.20506 PMID: 15690481

19.

Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology. 2011; 53:
1020–1022. https://doi.org/10.1002/hep.24199 PMID: 21374666

20.

EASL Recommendations on Treatment of Hepatitis C 2016. J Hepatol. 2016; http://dx.doi.org/10.1016/
j.jhep.2016.09.001

21.

American Association for the Study of Liver Diseases (AASLD). Recommendations for testing, Managing and Treating Hepatitis C. http://hcvguidelines.org (accessed November 3 2016).

22.

Omata M, Kanda T, Wei L, Yu ML, Chuang WL Ibrahim A et al. APASL consensus statements and recommendation on treatment of hepatitis C. Hepatol Int. 2016, 10:702–726. https://doi.org/10.1007/
s12072-016-9717-6 PMID: 27130427

23.

Veldt BJ, Heathcote EJ, Wedemeyer H, Reichen J, Hofmann WP, Zeuzem S, et al. Sustained virologic
response and clinical outcomes in patients with chronic hepatitis C and advanced fibrosis. Ann Intern
Med. 2007; 147: 677–684. PMID: 18025443

24.

van der Meer AJ, Veldt BJ, Feld JJ Wedemeyer H, Dufour JF, Lammert F, et al. Association between
sustained virological response and all-cause mortality among patients with chronic hepatitis C and
advanced hepatic fibrosis. JAMA. 2012; 308: 2584–2593. https://doi.org/10.1001/jama.2012.144878
PMID: 23268517

25.

Morgan TR, Ghany MG, Kim HY, Snow KK, Shiffman ML, De Santo JL, et al Outcome of sustained virological responders with histologically advanced chronic hepatitis C. Hepatology. 2010; 52: 833–844.
https://doi.org/10.1002/hep.23744 PMID: 20564351

26.

Di Marco V, Calvaruso V, Ferraro D, Bavetta MG, Cabibbo G, Conte E, et al. Effects of eradicating Hepatitis C virus infection in patients with cirrhosis differ with stage of portal hypertension. Gastroenterology.
2016; 151: 130–139. https://doi.org/10.1053/j.gastro.2016.03.036 PMID: 27039970

27.

van der Meer AJ, Feld JJ, Hofer H, Almasio PL, Calvaruso V, Fernández-Rodrı́guez CM, et al. Risk of
cirrhosis-related complications in patients with advanced fibrosis following hepatitis C virus eradication.
J Hepatol. 2017; 66: 485–493. https://doi.org/10.1016/j.jhep.2016.10.017 PMID: 27780714

28.

Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown RS Jr, et al. Ledipasvir and sofosbuvir
plus ribavirin for treatment of HCV infection in patients with advanced liver disease. Gastroenterology.
2015; 149: 649–659. https://doi.org/10.1053/j.gastro.2015.05.010 PMID: 25985734

PLOS ONE | https://doi.org/10.1371/journal.pone.0185728 October 4, 2017

12 / 13

Failure to HCV Direct Acting Antivirals

29.

Deterding K,Honer Zu Siederdissen C, Port K, Solbach P, Sollik L, Kirschner J, et al. Improvement of
liver function parameters in advanced HCV-associated liver cirrhosis by IFN-free antiviral therapies. Aliment Pharmacol Ther. 2015; 42: 889–901. https://doi.org/10.1111/apt.13343 PMID: 26250762

30.

Modi AA, Nazario H, Trotter JF, Gautam M, Weinstein J, Mantry P, et al. Safety and efficacy of simeprevir plus sofosbuvir with or without ribavirin in patients with decompensated genotype 1 hepatitis C cirrhosis. Liver Transpl. 2016; 22: 281–286. https://doi.org/10.1002/lt.24324 PMID: 26335142

31.

Saxena V, Nyberg L, Pauly M, Dasgupta A, Nyberg A, Piasecki B, et al. Safety and efficacy of simeprevir/sofosbuvir in hepatitis C-infected patients with compensated and decompensated cirrhosis. Hepatology. 2015; 62: 715–725. https://doi.org/10.1002/hep.27922 PMID: 26033798

32.

Manns M, Samuel D, Gane EJ, Mutimer D, McCaughan G, Buti M, et al. Ledipasvir and sofosbuvir plus
ribavirin in patients with genotype 1 or 4 hepatitis C virus infection and advanced liver disease: a multicentre, open-label, randomised, phase 2 trial. Lancet Infect Dis. 2016; 16: 685–697. https://doi.org/10.
1016/S1473-3099(16)00052-9 PMID: 26907736

33.

Belli LS, Berenguer M, Cortesi PA, Strazzabosco M, Rockenschaub SR, Martini S, et al. Delisting of
liver transplant candidates with chronic hepatitic C after viral eradication: a European study. J Hepatol.
2016; 65: 524–531. https://doi.org/10.1016/j.jhep.2016.05.010 PMID: 27212241

34.

Conti F, Buonfiglioli F, Scuteri A, Crespi C, Bolondi L, Caraceni P, et al. Early occurrence and recurrence of hepatocellular carcinoma in HCV-related cirrhosis treated with direct-acting antivirals. J Hepatol. 2016; 65: 727–733. https://doi.org/10.1016/j.jhep.2016.06.015 PMID: 27349488

35.

Pol S. Lack of evidence of an effect of Direct Acting Antivirals on the recurrence of hepatocellular carcinoma: The ANRS collaborative study group on hepatocellular carcinoma J Hepatol. 2016; 65: 734–740.
https://doi.org/10.1016/j.jhep.2016.05.045 PMID: 27288051

36.

Calvaruso V, Cabibbo G, Cacciola I, Petta S, Madonia S, Bellia A, et al. Occurrence of hepatocellular
carcinoma in patients with hepatitis C virus related liver disease treated with direct-acting antivirals.
EASL International Liver Congress. Amsterdam, April 19–23, 2017. Abstract PS-038.

37.

Prenner S, VanWagner LB, Flamm SL, Salem R, Lewandowski RJ, Kulik L. Hepatocellular Carcinoma
Decreases the Chance of Successful Hepatitis C Virus Therapy with Direct-Acting Antivirals. J Hepatol.
2017; https://doi.org/10.1016/j.jhep.2017.01.020 PMID: 28161470

38.

Lu M, Li J, Rupp LB, Holmberg SD, Moorman AC, Spradling PR, et al Hepatitis C treatment failure is
associated with increased risk of hepatocellular carcinoma. J Viral Hepat. 2016; 23: 718–729. https://
doi.org/10.1111/jvh.12538 PMID: 27028626

PLOS ONE | https://doi.org/10.1371/journal.pone.0185728 October 4, 2017

13 / 13

