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ABSTRACT

Background: Nowadays, interferon-free therapy using new direct-acting antivirals (DAA) has dramatically
increased the cure rate across different HCV-infected patient populations, including groups traditionally
viewed as difficult-to-treat (patients with co-infections, cirrhosis and liver transplant — LT recipients) with
marked improvement in safety and tolerability.

Aim: To present our experience with DAA therapy in LT recipients, as well as to compare pre- and post-
treatment liver stiffness (LS) and noninvasive fibrosis scores.

Methods: Our cohort consisted of 89 patients with genotype 1 (GT1) recurrent hepatitis C after LT.
Seventy six patients received ombitasvir/paritaprevir/ritonavir+dasabuvir+ribavirin and 13 sofosbuvir/
ledipasvirtribavirin. Fibroscan®, FIB4 and APRI scores were performed in all patients before and 12 weeks
after DAA therapy.

Results: We analyzed 45 (50.5%) males and 44 (49.5%) females with a mean age of 55+7.7 years. Median time
since LT was 20.9 months. At baseline, 53 (59.6%) of patients had severe necroinflammation at Fibromax®;
advanced fibrosis (F3, F4) was encountered in 35 (39.4%) and grade 3 steatosis in 33 (37.1%) of LT recipients.
End of therapy (EOT) virological response (VR) was 100%. Sustained virological response 12 weeks after
therapy (SVR12) was 97.7% in the intention-to-treat analysis and 100% in per protocol analysis. There was a
significant improvement in LS between antiviral therapy initiation and SVR12: 11.9+1.05kPa vs 8.8+0.6kPa
(p<0.0001), as well as in APRI (2.7+0.3 vs 0.4%0.05, p<0.0001) and FIB4 (4.6+0.5 vs 2.5+0.2, p<0.0001) scores.
Conclusions: In HCV positive recipients, DAA regimens are highly effective and safe. A significant decrease
of LS by transient elastography and fibrosis non-invasive scores can be observed after successful therapy.

Key words: hepatitis C - liver transplantation - antiviral therapy.

Abbreviations: AE: adverse events; AFP: alpha fetoprotein; ALP: alkaline phosphatase; ALT: alanine
aminotransferases; AST: aspartate aminotransferases; DAA: direct-acting antivirals; GGT: gamma glutamyl
transpeptidase; GT1: genotype 1; HC: Hepatitis C; HCC: hepatocellular carcinoma; HCV: hepatitis C virus;
HIV: human immunodeficiency virus; INR: international normalized ratio; ITT: intention to treat; LDV/SOF:
ledipasvir/sofosbuvir; LLD: lower limits of detection; LLQ: lower limits of quantification; LS: liver stiffness;
LSM: liver stiffness measurement; LT: liver transplant; NHIA: National Health Insurance Agency; OBV/
PTV/r +DSV: Ombitasvir/Paritaprevir/ritonavir plus dasabuvir (3D); RBV: ribavirin; SAE: serious adverse
events; SOF+DAC+RBV: sofosbuvir+daclatasvir+ribavirin; SVR: sustained virological response; TE: transient
elastography; VR: virological response.

INTRODUCTION

viremic at the time of transplantation and represents an
important cause of graft failure, a need for retransplantation
and low patient survival [1]. In the interferon era, patients with
recurrent HC were considered difficult to treat due to the low
rate (30-40%) of sustained virological response (SVR), the poor
tolerability and the high rate of therapy discontinuation due
to side effects, including immune-mediated graft dysfunction
[2]. New direct-acting antivirals (DAAs) have dramatically
improved SVR rates in patients treated for recurrent HC.

Hepatitis C (HC) is a
common cause of liver cirrhosis,
liver failure and hepatocellular
carcinoma (HCC), and a
frequent indication for liver
transplantation (LT). Recurrent
HC after LT is universal in those
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Nowadays, reported SVR rates in post-transplant setting
ranged between 88 and 100% [3-6], with good safety profiles.
A high rate of virologic response (VR) (79%) was also
reported in patients with fibrosing cholestatic hepatitis after
LT who were treated with interferon-free therapies [7]. DAA-
based treatments for severe post-transplant HC recurrence
significantly improve liver function, even if viral clearance
has not been achieved and permit an excellent long-term
survival. Several obstacles still need to be overcome including
drug-drug interactions, DAA-resistant HCV, treatment for
decompensated cirrhosis and renal failure [8].

It has been shown that Ombitasvir/Paritaprevir/ritonavir
plus dasabuvir (OBV/PTV/r +DSV) (3D) plus ribavirin in
LT recipients with recurrent HCV is an outcome-improving
and cost-effective regimen for this population [9]. Currently,
the 3D regimen is one of the elective DAAs recommended
by international guidelines [10, 11] and it was the single one
covered by the National Insurance Health Agency for HCV
therapy in Romania in 2015-2016. We recently published our
experience with the 3D regimen in compensated liver cirrhosis
[12]. Starting with 2017, ledipasvir/sofosbuvir (LDV/SOF)
regimen has been reimbursed for the use in LT recipients in
our country.

The aim of this study was to present the first Romanian
cohort and evaluate the effectiveness and safety of DAA
regimens (OBV/PTV/r +DSV plus ribavirin or LDV/SOF
with or without ribavirin) in treatment-experienced or naive
patients with GT1 recurrent HC after LT in routine clinical
practice.

METHODS

Patients’ selection

Patients were included in this observational study
according to the criteria for access to antiviral therapy
established by the National Health Insurance Agency (NHIA):
adult (>18 years old), treatment experienced or naive patients
with recurrent HC after LT irrespective of fibrosis stage
assessed by Fibromax®(Biopredictive), and positive HCV RNA.
Consecutive patients transplanted in our center were included
in this non-interventional, prospective cohort. All patients
had at least a liver biopsy performed after LT confirming
the diagnosis of recurrent HC. All patients enrolled in the
study had liver stiffness measurement (LSM) by transient
elastography (TE) with Fibroscan® performed at baseline,
end of treatment (EOT) and 12 weeks after therapy. Plasma
HCV RNA levels were measured using the Roche TagMan
real-time reverse transcriptase-PCR assay version 2.0 with a
lower limits of quantification (LLQ) and detection (LLD) of
15 IU/mL. All patients underwent genotyping for hepatitis C
virus (HCV) and all proved to be GT 1b. Patients’ enrolment
started in December 2015 and ended in June 2017 in order to
allow for an adequate follow-up time.

Exclusion criteria were: less than 3 months after LT without
stable immunosuppression medication, evidence of recurrent
HCC after LT, concomitant medication that is contraindicated
according to manufacturer’s recommendations, patients with
human immunodeficiency virus (HIV) coinfection, current
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pregnancy and lactation, unable/unwilling to use contraception
during the treatment and 6 months after discontinuation,
platelet count < 25,000/mm?®. Patients were enrolled for
treatment with OBV/PTV/r +DSV plus ribavirin (RBV) or
LDV/SOF plus RBV according to the therapeutic guidelines
of the Protocol Expert Committee of Ministry of Health and
NHIA. Written informed consent was obtained from each
patient for initiation, monitoring and follow-up during therapy.
The study was conducted in accordance with the principles of
the Declaration of Helsinki.

Exposure to therapy and follow-up

Seventy-six patients received therapy with OBV/PTV/r
(Viekirax 12.5mg/75mg/50mg; Abbvie Deutschland Gmbh
& Co Ludwigshafen, Germany) 25mg/150mg/100mg/day
in a single daily dose and DSV (Exviera 250 mg; Abbvie
Deutschland Gmbh & Co Ludwigshafen, Germany) 500 mg/
day divided in two daily doses for 24 weeks during the years
2015-2016. In 2017, 13 patients received therapy with LDV/
SOF (Harvoni 90mg/400mg; Gilead Sciences, Foster City,
CA) with or without RBV for 12 or 24 weeks, respectively. All
patients received RBV according to body weight (<75 kg, 1000
mg/day; >75 kg, 1200 mg/day). In case of significant laboratory
abnormalities at baseline (anemia, thrombocytopenia or
chronic renal failure) treatment was started with a lower dose
of RBV, according to the product characteristics. RBV dose
was modified or discontinued during therapy in patients who
developed severe adverse events or laboratory abnormalities.
Patients were assessed clinically and biologically at baseline,
week 4, 8, 12, 16, 20, 24 and 12 weeks after therapy. Baseline
clinical data included gender, age, body weight/body mass
index, HCV GT, necroinflammatory, fibrosis and steatosis
status according to Fibromax®, LSM by TE with Fibroscan®,
other noninvasive scores for fibrosis (APRI and FIB-4
scores), treatment history (previous interferon exposure),
comorbidities, and concomitant medication. Transient
elastography and other noninvasve scores were performed also
at SVR12. Liver cirrhosis was established based on noninvasive
tests (TE and/or Fibromax and/or APRI/FIB-4) or a previous
liver biopsy showing F4 METAVIR and ultrasound liver aspect
as well as biochemical results.

Laboratory data included HCV RNA level (performed at
baseline, week 4, EOT and SVR), liver function tests (bilirubin,
alanine - ALT and aspartate aminotransferases - AST, alkaline
phosphatase - ALP, gamma glutamyl transpeptidase - GGT,
international normalized ratio - INR, albumin), platelets
and leucocytes count, haemoglobin concentration, serum
creatinine and creatinine clearance, alpha fetoprotein (AFP) at
baseline, and at every established visit. Immunosuppression was
adjusted initially according to the current recommendations
[13]: tacrolimus 0.5 mg every 7 days and cyclosporine at one-
fifth the total daily dose administered once daily and then
adjusted according to the desired trough concentrations (C
trough) during 3D treatment. For patients receiving LDV/SOE,
trough levels of immunosuppressive drugs were monitored
and the dose adjusted accordingly. Other concomitant
immunosuppressive medications such as mycophenolate
mofetil were stopped during antiviral therapy.
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Efficacy and safety analysis

Efficacy primary endpoint was assessed by the percentage of
patients achieving SVR12, defined as an undetectable HCV RNA
12 weeks after the last dose of antiviral medication. Secondary
assessments included the percentage of patients with on-
treatment virologic failure and post-treatment relapse. Samples
were analyzed according to an intention to treat (ITT) but also
per protocol analysis. Treatment-emergent adverse events (AE),
serious adverse events (SAE), as well as premature treatment
discontinuations during the treatment period and 12 weeks after
EOT were recorded carefully and considered for safety analysis.

Statistical analysis

Continuous variables were reported as a mean * standard
deviation, while categorical variables were reported as
frequencies and percentages. Comparisons were made by
chi-square-test or McNemar test for qualitative variables;
Mann-Whitney-U and Wilcoxon tests were used to compare
continuous data. Friedman or Kruskal-Wallis test were
performed for global comparison of quantitative variables.
The degree of association between the variables was calculated
using Rank correlation (Spearman correlation coeflicient). All
statistical tests were two-sided and a level of P < 0.05 was used
to indicate statistical significance. All statistical analyses were
carried out using NCSS 11.0 (LLC, Kaysville, Utah, USA).

RESULTS

Patients’ characteristics

The demographical and clinical baseline characteristics are
shown in Table I. A total of 89 naive and treatment experienced
patients with GT 1b recurrent HC were followed up prospectively.
Seventy six patients received OBV/PTV/r+DSV+RBV for 24
weeks, 12 LDV/SOF+RBV for 12 weeks and one Ribavirin-
intolerant patient received LDV/SOF for 24 weeks. Eighteen
patients (20.2%) had HCC prior to LT.

Table I. Baseline demographical and clinical characteristics of the
transplanted patients (N=89 patients)

Characteristic

Value (mean or n/%)

Mean age (years)
Gender (males)

Mean BMI (kg/m?)
Mean viral load (UI/mL)

Fibromax®
A3/A2/A1/A0 (%)
F4/F3/F2/F1/F0 (%)
$3/82/S1/S0 (%)

Mean liver stiffness (kPa)

Diabetes mellitus
Insulin-dependent

Cryoglobulinemia
Tacrolimus/Cyclosporin/Sirolimus

Mean value of creatinine eGFR
(ml/min)

IFN-based treatment experience
patients post-LT

Time from LT (months)

55+7.7

45 (50.5%)

26.3 + 4.4 (range 17.3 - 35.7)
2,779,089 + 436,200

59.6/21.3/14.6/4.5
31.5/7.9/36/15.7/9
37.1/30.3/20.2/12.4

125+1.2

30 (33.7%)
17 (19.1%)

12 (13.4%)
73 (82%)/13 (14.7%)/3 (3.3%)
86.2 % 35.6

30 (33.7%)

20.9 (range 3.4-176.9)

Significant difference was found in LSM between the
three grades of inflammation (6.2kPa for A0-Al, 6.6kPa for
A2 and 10.7kPa for A3, p=0.00002), but not between patients
with different grades of steatosis at Fibromax® (6.6kPa for
S0-S1, 8.5kPa for S2 and 10.1kPa for S3, p=0.15). There was a
significant correlation between baseline LSM and Fibrotest of
Fibromax® (r=0.47, p=0.0001), APRI (r=0.41, p=0.0001) and
FIB4 (r=0.29, p=0.01).

Asymptomatic mixed cryoglobulinemia was present in
12 (13.4%) patients; however, clinical manifestations (renal
impairment and neuropathy) were present in 2 patients. All
patients with liver cirrhosis (26 patients, 29.2%) belonged
to Child Pugh A, except 1 patient with HCV recurrent liver
cirrhosis who belonged to Child Pugh B class.

Efficacy analysis

HCV RNA was undetectable in 55 (61.8%) of patients at
week 4. The overall EOT rate was 98.8% (88/89 patients) and,
respectively, the overall SVR12 rate was 97.7% (87/89) in an
ITT analysis. Per protocol, EOT virological response was 100%
and SVR12 rate was 100%.

Table IT summarizes the differences between baseline and
different time points during antiviral therapy (week 4, 12, 24
and posttreatment week 12).

Table II. Median laboratory parameters changes between baseline and
12 weeks post-treatment

Variable Baseline  Week 4 EOT SVR12 P
(Week 12/24) value
Hemoglobin 13.9 12.4 12.3 14.9 0.24
(g/dL)
ALT (IU/L) 186 34.1 30.5 23.7 0.008
AST (IU/L) 120.7 25.5 25.4 23.3 0.0005
GGT (IU/L) 126.3 59.7 38.7 55.8 0.001
ALP (IU/L) 173.5 127.3 130 120.7 0.03
Total bilirubin 1.11 1.40 0.86 0.84 0.007
(mg/dL)
Albumin (g/dL) 4.05 4.36 4.50 4.49 0.0002
Creatinine 1.03 1.06 1.18 1.06 0.002
(mg/dL)
INR 1.10 1.07 1.13 1.15 0.13

At EOT, 5 (41.66%) out of 12 patients positive for
cryoglobulins became negative after virological response.
Alpha fetoprotein value decreased significantly between
baseline and SVR (19.9+7.3ng/mL vs 3.2+0.2ng/mL, p=0.02).
Sustained biochemical response (ALT <UNV) was encountered
in 83.1% (74/89) of patients.

Liver stiffness measurement and noninvasive scores

Liver stiffness measurement significantly decreased at EOT
and SVR12 compared to baseline (Fig. 1).

Table III (A and B) summarizes the evolution of LSM and
other noninvasive scores from baseline to SVR12. Initial values
of LSM (11.9£1.05 vs 8.8+0.6kPa, p<0.0001), FIB-4 (4.6+0.5
vs 2.5+0.2, p<0.0001) and APRI scores (2.7+0.3 vs 0.4+0.05,
Pp<0.0001) decreased significantly at SVR12. The decrease of
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Table III A and B. Evolution of liver stiffness measured (LSM) by TE, APRI and FIB-4 scores between
baseline and SVR according to inflammation grade (A) and steatosis (B) at baseline

Variable  Baseline (A3) SVRI12(A3) Pvalue Baseline (A0-A2) SVRI12(A0-A2) P value
LSM 13.3+1.2 9.6+0.7 <0.0001 9.8+1.9 7.6£1.2 0.01
APRI 4.120.5 0.50.07 <0.0001 0.8+0.1 0.40.04 <0.0001
FIB-4 6+0.7 2.7+0.2 <0.0001 2.8+0.4 2.240.2 0.006
Variable  Baseline (S3) SVR12(S3) P value Baseline (S0-S2) SVRI12 (S0-S2) P value
LSM 12.4+1.5 9.2+1.07 0.0001 11.5+1.4 8.5+0.8 0.0002
APRI 2.320.5 0.50.1 <0.0001  3.05%0.5 0.5+0.04 <0.0001
FIB-4 4.3+0.7 2.01+0.2 0.0006 4.8+1.0 2.5+0.3 0.0064
1 persistent variable hepatocytolisis (liver biopsy showed features
1 prEie0] of steatohepatitis, without signs of rejection). Decompensation
i of liver cirrhosis did not occur in any patient. The single
patient with Child Pugh B liver cirrhosis who received SOF/
. LDV improved to Child Pugh class A, with normalization of
6 total bilirubin and serum albumin until the end of therapy.
. No HCC was reported in any of our patients during or after
antiviral therapy, in the follow-up period until December 2017.
2
0 DISCUSSION
Baselne EOT SVR12

Fig. 1. Liver stiffness decrease between baseline, EOT and SVR

LSM, FIB-4 and APRI scores was more pronounced in patients
with severe inflammation and steatosis at Fibromax® at the
beginning of antiviral therapy.

Safety

Only one patient (1.3%) stopped therapy before EOT in
the OBV/PTV/r+DSV group. The following SAEs led to EOT
in this patient: cholangitis with jaundice, renal dysfunction,
Clostridium difficile infection after 6 weeks of therapy. However,
this patient had undetectable HCV RNA after 4 weeks of
antiviral therapy and remained HCV RNA negative 12 and
24 weeks after stopping 3D therapy. One patient reached EOT
with undetectable HCV RNA, but died within one week after
EOT. He received SOF/LDV and died due to sepsis after jejunal
perforation through cytomegalovirus colitis. In the SOF/LDV
group no other SAE was reported.

Adverse events were present in 64 (61.8%) patients. Anemia
was encountered in 41 (47.1%) patients. No patient developed
grade 3 anemia and none received blood transfusions; ribavirin
was decreased in all patients. Thirty-nine (42.7%) patients
had significant hyperuricemia during antiviral therapy with
the need to take allopurinol. In the 3D group of patients the
following SAEs were reported: urinary infections (7 patients);
aggravating renal dysfunction (2 patients); cholangitis (4
patients). One patient developed adenocarcinoma of the
pancreas after EOT, but this event was unrelated to antiviral
medication. He received chemotherapy and survived one more
year after SVR.

Four patients had an increase of aminotransferase levels
after EOT, but 3 patients showed good response to the increase
of immunosuppression therapy and only one remained with
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This is a relatively large cohort of LT recipients with GT1
recurrent HC receiving DAA therapy in a single transplant
center, providing real-world data on the efficacy and safety
of DAA therapy, especially OBV/PTV/r+DSV that had been
previously reported to be used only in FO-F2 fibrosis stage after
LT [14]. In contrast to the clinical trials [6, 14-16], this population
included patients with significant fibrosis (=F2 METAVIR in
75.4% of patients). The SVR12 rate of 100% is impressive, even
higher than that obtained in clinical trials. In CORAL-I study
[14], the combination of OBV/PTV/r+DSV+RBV for 24 weeks
was investigated in 34 LT recipients with GT1 infection and
achieved 97% SVR12. The ALLY-1 study [16], combining sofo
sbuvir+daclatasvir+ribavirin (SOF+DAC+RBV), showed 94%
SVR12 (30% patients with liver graft cirrhosis).

In a large real-life cohort of 412 patients (HCV-TARGET
study) [17], sustained viral clearance was achieved in 96% of
SOF/LDV+RBV-treated patients, 92% of OBV/PTV/r+DSV-
treated patients and 100% of SOF+DAC+RBV-treated patients.
Safety and tolerability of these antivirals were excellent with
an overall rate of treatment discontinuation of 1.6% due to an
adverse event in Saxena’s paper [17] and 1.3% in our study.
However, the most common adverse events occurred in 75.8%
of patients in the HCV-TARGET study and in only 61.8% of
our cohort.

The Italian Compassionate use of Sofosbuvir ITACOPS)
[18] showed an SVR rate of only 86.7% in patients receiving
SOF/RBYV for 24 weeks, but of 98.3% when simeprevir or DAC
was added to SOF/RBV. In addition, in patients with fibrosing
cholestatic hepatitis, SVR12 rates were 100%. Another real-
life study [19] reporting SVR12 of 100%, similar to ours, was
performed on 35 GT1 HCV LT recipients, who received OBV/
PTV/r+DSV+RBV, most (77.1%) with fibrosis stage >2. In the
AMBER-CEE study [19], safety was excellent, adverse events
being mostly mild and transient, as in our larger cohort.
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All these results strengthen the success and simplicity of the
current HCV antiviral therapy in the transplant setting, even
in advanced fibrosis. Cirrhosis or fibrosing cholestatic hepatitis
are no more negative predictive factors of nonresponse in the
era of the new generation direct antivirals.

Noninvasive tools have been proposed to stage liver
fibrosis also after LT, including serum biomarkers based on
readily available parameters, such as FIB-4, APRI score and
measurement of LS by TE [20]. Some of them have also been
specifically validated in LT recipients and the reported accuracy
is similar to that in the pre-LT setting [21-24]. However, TE
had a higher diagnostic accuracy than APRI and FIB-4 in
order to detect significant liver fibrosis in the post-transplant
setting [20]. Recently, repeated TE in real-life clinical practice
appears to have a practical role in monitoring LT patients
[25]. Because TE proved to be more accurate than biomarkers
(FibroTest®, Benlloch score, Hepascore, APRI, FIB-4 etc) for
the early detection of advanced fibrosis [20, 24], we performed
systematically TE in our center also in recurrent HCV infection
according to an established protocol and then during antiviral
therapy. Similarly to non-transplanted patients, TE and other
noninvasive tests significantly decreased at SVR12, and the
decrease was significantly greater in patients with a high
baseline level of inflammation [12, 26-28]. However, in LT
recipients this is the third article published so far documenting
the decrease of LS assessed by TE after DAA. In the study by
Martini et al. [29], among the 77 responders to sofosbuvir-
based regimens (27 F3, 50 F4) who underwent elastography
at baseline and at the end of follow-up (48 weeks after end of
therapy), 39 (50.6%; 18 F3, 21 F4) exhibited a regression in
fibrosis stage. The same was true for APRI and FIB-4 indexes
that showed significant improvement at 24 and 48 weeks after
therapy. Similar to our results, another recently published
article [30] that evaluated 23 LT patients with recurrent HC
treated for 24 weeks with OBV/PTV/r+DSV+RBV combination
therapy, showed that shear-wave elastography and also APRI
and FIB-4 were successfully used to monitor the beneficial
therapeutic effects of DA As in hepatitis C recurrence following
LT. Mauro et al. [31] proved that 67% of the cohort presented
fibrosis regression; HVPG, liver stiffness and ELF score
significantly decreased after SVR. There are also few previous
studies [32-33] reporting histological and clinical benefits,
associated with improvement of patient and graft survival
after SVR in LT recipients. This finding was in accordance
with our study showing no decompensation of liver cirrhosis
even in the context of a protease inhibitor administration and
improvement of liver function in one patient.

The higher decrease of LS and other noninvasive scores
in LT recipients based on improvement of liver steatosis is
similar to a very recent study performed in 57 Japanese HCV
patients with SVR following DAA showing reduction of both
liver fibrosis and steatosis [34].

A limitation of our study is that TE was validated and cut-
offs were established in viremic LT recipients. However, it was
demonstrated that graft survival significantly improved in patients
with LSM >8.7kPa at 1 year after LT who achieved SVR [35]. In
addition, no association was observed between outcomes and LSM
at 12 months in non-HCV LT patients. New studies are required
to prove that this conclusion is valid also for HCV recipients

who clear the virus. Another weak point of this study is the lack
of performing Fibromax® also at SVR12 in order to document
its decrease according to other noninvasive tests (FibroTest” and
also Actitest®). In addition, the absence of a histological paired
evaluation at baseline and SVR12 is another impediment in
demonstrating fibrosis regression. Further studies with serial liver
biopsies, following HCV cured recipients with advanced chronic
liver disease for a longer period of time, should be performed.

CONCLUSIONS

Our national cohort of LT recipients proved once more that
real-life use, even of more difficult to use new antivirals such
as OBV/PTV/r+DSYV, in patients with advanced fibrosis, has
good virological and clinical outcomes.

Although fibrosis improvement documented by decreasing
of LS values may be, at least in part, explained by disappearance
of inflammation after viral control, this is not the only
mechanism, as demonstrated by the decrease of TE and fibrosis
scores also in LT recipients without significant activity scores
at baseline. Fibrosis reversibility is possible after successful
interferon-free therapy in the LT setting and it may continue
to improve over time.
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