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SUMMARY

Safety, efficacy, and predictor factors of sustained-virological-response after 24 weeks of new direct-acting
antivirals were evaluated in hepatitis C virus patients with different stages of hepatic disease.

260 patients, median age 60 years, of whom 48.1% cirrhotics, 17.7% liver transplant recipients, and 45.7%
naive were treated with Sofosbuvir+Ribavirine, Sofosbuvir+Simeprevir+Ribavirine, Sofosbuvir+Da-
clatasvir+Ribavirine, Sofosbuvir+Ledispavir+Ribavirine, Ombitasvir/Paritaprevir/Ritonavir+Ribavirine
and Ombitasvir/Paritaprevir/Ritonavir+Dasabuvir+Ribavirine. Therapy outcomes, hematochemical pa-
rameters, viral replication, genotype, and resistance-associated-mutations were analyzed retrospectively.
Sustained virological response was 90.4% in the whole population, 83.2% in cirrhotics, 85% in patients
with previous virological failure, 93.6% in patients >60 years, and 95.6% in liver transplant recipients.
SVR24 for each drug regimen was 75% Sofosbuvir+Ribavirine, 80.4% Sofosbuvir+Simeprevir+Ribavirine,
94.3% Sofosbuvir+Daclatasvir+Ribavirine, 98.7% Sofosbuvir+Ledispavir+Ribavirine, 100% Ombitasvir/
Paritaprevir/Ritonavir+Ribavirine and Ombitasvir/Paritaprevir/Ritonavir+Dasabuvir+Ribavirine. The
highest sustained virological response rates were obtained with genotype-1b (95.9%). Twenty-five patients,
mostly cirrhotics or suffering from severe liver complications, manifested relapse (84%), breakthrough
(12%), or non-response (4%). Mild side effects were observed in 41.1% of patients. Model-for-End-Liver-
Disease score <10 and alanine aminotransferase <20 U/L at week 8 of therapy proved positive predictors
of sustained virological response.

Direct-acting antiviral therapy is efficacious and safe even in patients with advanced liver disease and/
or previous virological failure; Model-for-End-Liver-Disease <10 and alanine aminotransferase reduction
during therapy were found to be reliable predicting markers of sustained-virological-response.
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INTRODUCTION tion by extending HCV treatment to all infected individu-
als (WHO - Global Hepatitis Report, 2017). Even if eradi-
cation is not achieved, DAA therapy has a beneficial effect
in slowing disease progression, lowering the risk of de-

Hepatitis C virus (HCV) infection affects about 1% of the
world’s population and, since there is no vaccine and only
20% of total patients are aware of their infectious status, veloping hepatocellular carcinoma (HCC), reducing liver
the number of HCV 1pfect10ns is still 1ncreasins, 1.74 mil- damage and halting viral transmission (European Associ-
lion were reported in 2015 alone (Polaris Observat(?ry ation for the Study of the Liver, 2017). Since the advent of
HCV Coll.aborat(.)r.s, 2017). The development of effective 10 £t HCV drugs, therapy has been aimed at obtaining
direct-acting antivirals (DAA) PromPted the Glgbal Health high levels of sustained virological response (SVR), begin-
Sector Strategy to launch a campaign to eradicate infec- ning in 1996, when interferon (IFN)-alpha was first used
with an SVR of 8-21% (Lindsay KL, 1997). With the first
DAAs, boceprevir and telaprevir, administered before or

Key words: .
Hepatitis C Virus (HCV), anti-HCV Direct-Acting Antivirals (DAA), after pegylated IFN plus RBV, SVR rose to 60-70% in 2011
combination therapy, viral resistance. (Bacon BRet al.,2011; Zeuzem Set al., 2011), and climbed
to >90% with new-generation, IFN-free, DAAs in 2014
(Banerjee D and Reddy KR, 2016; Werner CR et al., 2016;
Corresponding author: Cheinquer H ef al., 2017). The most-used DAAs target the
Efﬁ}ﬁ?e‘fxe}xf{;‘gs&m@hmmaﬂ.n, following HCV proteins: so.fosbuvir.(SOF) and dgsabuv@r
vanessa.depace@unibo.it (DSV): NS5B polymerase; simeprevir (SMV), paritaprevir
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(PTV) and grazoprevir: protease; daclatasvir (DCV), ledi-
pasvir (LDV), ombitasvir (OBV), velpatasvir, and elbasvir:
NS5A (Myers RP et al., 2015). Combined DAA regimens
ensure high SVR rates, a high genetic barrier to resistance,
short treatment cycles, minimal adverse events, and good
tolerability (Banerjee D and Reddy KR, 2016).

Several studies reported SVR rates and side effects of
DAAs in clinical trials using homogeneous cohorts with
the same level of infection/disease and naive status, which
are optimal study models but far from reality. In this
study, the safety, efficacy and early predictors of SVR to
DAA treatment were examined in patients with different
stages of liver disease and/or a failed positive response to
previous antiviral therapy.

MATERIALS AND METHODS

Ethics statement

This study was conducted in accordance with the Dec-
laration of Helsinki, Regional Ethics Committee, Good
Clinical Practice guidelines, and local regulatory require-
ments. All patients were informed and gave their consent
to collect demographic, clinical and virological data, and
biological samples.

Patient population

In January 2015 and December 2016, 368 HCV chronic

patients were treated with different therapeutic regimens

at the End-stage Liver Disease Unit of Sant’Orsola-Mal-

pighi Hospital. Of these, 260 patients with at least 24-week

follow-up post-therapy were included in this retrospective

observational study. Enrollment was declined for 108 pa-

tients who were under antiviral treatment during the cases

study inclusion (20.4%, 75/368), without clinical data and

therapy adherence (1.1%, 4/368), subjected to compas-

sionate use of DAAs (5.4%, 20/368) or who died of hepat-

ic failure, sepsis/septic shock or accidental events (2.4%,

9/368). Demographic, clinical and virological data of the

study population are shown by Table 1.

Patients were selected for DAA-based therapy after (1)

hepatological assessment through liver biopsy or fibro-

scan, (2) evaluation of hepatic and renal functions by ex-

amining baseline laboratory parameters, (3) investigation

of infection status by HCV RNA quantification and geno-

typing. The type of DAA regimen and the relative eligible

patients were defined based on:

1. DAA approved and available at the beginning of treat-
ment.

2. HCV genotype.

3. Stage of liver disease (e.g., high or low grade of fibrosis).

4. Hepatic complications (e.g., ascites, esophageal varices,
portal hypertension).

5. Comorbidities.

6. Economic factors.

7. European Association for the Study of Liver 2015 rec-
ommendations (European Association for Study of
Liver, 2015).

For each DAA combination, week ranges of treatment,
median duration of treatment (weeks), and number of en-
rolled patients were as follows: SOF+RBV (12-48 weeks, 16
weeks: 48); SOF+SMV+RBYV (12-16 weeks, 12 weeks: 51);
SOF+DCV+RBV (12-24 weeks, 12 weeks: 35), SOF+LD-
VzRBV (12-24 weeks, 12 weeks: 77), OBV/PTV/ritonavir
(OBV/PTV/r)+RBYV (12-24 weeks, 20 weeks: 4), and OBV/

Table 1 - Clinical and virological characteristics of study
population.

Patients 260

Male 177 (68.1%)
Age (yr) 60 (53-71)
BMI >30 29 (11.2%)
Cirrhosis 125 (48.1%)
Fibrosis 3 43 (16.5%)

Fibrosis 0-2
Liver complications

92 (35.4%)

29 (11.2%)
15 (5.8%)
65 (25.0%)
38 (14.6%)
56 (21.5%)

Ascites

Encephalopathy

Esophageal varices

Portal hypertension
HCC
Extra-liver complications

Cryoglobulinemia 23 (8.9%)
Lymphoma 6 (2.3%)
OLT 46 (17.7%)
Awaiting OLT 16 (6.2%)
Genotype HCV
la 43 (16.5 %)
1b 122 (47%)
2 35 (13.4%)
3 36 (13.8%)
4 24 (9.3%)
Baseline HCV RNA (UI/mL) 1,352,207 (416,166-3,073,934)
Cirrhotics 1,049,768 (232,327-2,365,060)*

Nomn-cirrhotics 1,683,740 (676,015-3,575,355)*

130 (50.0%)

Naive

Previous antiviral therapy

IFN 19 (14.6%)
IFN+RBV 104 (40.0%)
IFN/RBV+BOC or TVR 4 (3.1%)
DAA for compassionate use 3(2.3%)

Data expressed as median (interquartile range, IQR) and numerical frequencies
(percentage). Baseline HCV RNA values in non-cirrhotics were significantly higher
compared to those of cirrhotics (T test with Welch’s correction; p value=0.0017).
Interferon, IFN; ribavirin, RBV; boceprevir, BOC; telaprevir, TVR; direct-acting an-
tiviral, DAA.

PTV/r+DSV+RBV (12-24 weeks, 12 weeks: 45). A detailed
description of the patients enrolled for each treatment is
provided in the Supplementary Material.

Clinical monitoring and laboratory assessments
Patients were examined at the Sant’Orsola-Malpighi Hos-
pital Outpatient Unit before starting treatment, on a week-
ly basis during the first month of therapy and monthly up
to 24 weeks post-therapy by means of blood chemistry
and liver assessment using the model for end stage liver
disease (MELD) and liver fibrosis. In the absence of the
fibroscan test, the latter was inferred by calculating Aspar-
tate Aminotransferase (AST) to platelet ratio index (APRI).
HCV RNA was quantitated using COBAS TagMan HCV
Quantitative Test version 2.0 (Roche Molecular Diagnos-
tics) with a lower limit of quantitation of 15 TU/mL and
genotyped at baseline with VERSANT HCV Genotype 2.0
Assay LiPA (Siemens Healthineers). Both analyses were
performed on whole blood samples following automatic
RNA extraction.
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Resistance-associated substitutions (RASs) were deter-
mined by Sanger sequencing of NS3, NS5A, and NS5B
regions. NS3 and NS5A were amplified with a nested PCR
and NS5B with two overlapping PCRs. Amplifications and
sequencing were carried out with Deep Check RT-PCR and
Sequencing Assay (Advanced Biological Laboratories) ac-
cording to the manufacturer’s instructions.

Statistical analyses

Data were expressed as median (inter-quartile range, IQR)
or mean (standard deviation) for continuous variables and
numerical and/or percentage proportions for categorical
variables. T Student’s test or T test with Welch’s correc-
tion, Mann-Whitney test and ANOVA were used to calcu-
late statistical differences. The SVR predictive model was
obtained from univariate and multivariate analyses. SPSS
version 21.0 and GraphPad Prism 5.0 software were used
for statistical analyses. A p value less than 0.05 was con-
sidered statistically significate.

RESULTS

Description of the study cohort

Clinical and virological features of study patients are
shown in Table 1. The male gender was predominant
(68.1%), and most patients were close to or above 60 years
of age and infected by genotype 1b (47%). As regards co-
morbidities, cardiopulmonary diseases affected nearly
half the patients (48.8%) and alcohol abuse was associated
with 54.3% of multifactorial liver disease cases. Cirrhosis
and severe fibrosis were reported in 48.1% and 16.5% of
patients, respectively. The most common liver complica-
tions were esophageal varices and HCC, which were pres-
ent in 25% and 21% of total patients, respectively, and in
64.3% and 75.4% of cirrhotic (C) patients.

Baseline blood chemistry values of the study population
comparing cirrhotic (C) to non-cirrhotic (NC) patients are
reported in the Supplementary Material (Table 1).

Sustained virological response: analyses of incidence
and influence on blood chemistry parameters

SVR 24 weeks post-therapy (SVR24) was 90.4% (235/260)
(Figure 1). Success of therapy ranged from 83.2 to 93.6%
in the so-called hard-to-treat categories: 93.6% in patients
aged >60, 93.5% in OLT recipients, 85% in previously vi-
rological failure (VF) patients, and 83.2% in C-patients.
SVR24 was also low in patients with platelet values below
reference limits (85.9%), MELD score >10 (83.6%) and
APRI score >1 (86.3%).

SVR24 also varied depending on DAA regimen: 75% SOF+R-
BV, 80.4% SMVzRBYV, 94.3% DCV+RBYV, 98.7% LDV+RBV
and 100% OBV/PTV/r+RBV or OBV/PTV/r+DSV+RBV
(Figure 2). Evaluation of SVR24 according to DAA treat-
ment and HCV genotype showed good performances of
all treatments for genotypes la and 1b except SMV+RBV.
Drug response of genotypes 2, 3 and 4 varied depending on
treatment. Full data are provided in Figure 1 of the Supple-
mentary Material.

Changes of drugs and regimens from SOF+RBV to OBV/
PTV/r+RBV or OBV/PTV/r+DSV+RBV that occurred from
2015 to 2016 increased SVR24 84.4% to 99.0% (Mann-Whit-
ney Test, p value <0.0001). SVR24 was the highest with gen-
otype 1b (95.9%) and decreased progressively with geno-
type 2 (94.3%), 1a (88.4%), 4 (83.3%), and 3 (75%).

Blood chemical parameters of all SVR24 patients were
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Breakthrough (1.15%)
Non responder (0.38%)
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Figure 1 - Overall virological response rates. Sustained vi-
rological response, SVR.
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Figure 2 - Analysis of DAA regimens and virological re-
sponse. Sofosbuvir (SOF)+ribavirin (RBV); SOF+simepre-
vir (SMV)+RBV; SOF+daclatasvir (DCV)+RBV, SOF+ledip-
asvir (LDV)+RBYV, ombitasvir/paritaprevir/ritonavir (OBV/
PTV/r)+RBV and OBV/PTV/r+dasabuvir (DSV)+RBV.

investigated at the start of therapy (T0), at end-of-treat-
ment (EOT), at 12 (SVR12) and 24 (SVR24) months after
therapy. Full data are shown in Table 2 of the Supplemen-
tary Material. As expected, AST and ALT decreased dur-
ing therapy in all patients including C- and NC-groups:
TO AST=52 (32-81) UI/mL and ALT=52.5 (34-83.2) UI/mL
vs EOT AST=21 (18-28) UI/mL and ALT=17 (13-24.2). No
changes were observed thereafter. A moderate improve-
ment was also observed for platelet values that were 144
(95-196) x10%/uL at baseline and reached 162 (106-211.5)
x10%/pL at EOT. As opposed to liver enzymes, platelet in-
crease did not reach statistical significance. APRI score
dropped significantly from TO and EOT to stabilize there-
after. MELD score was consistently below <10 and other
parameters showed no significant changes throughout the
study.

Analysis of virological failure

As shown in Figure 1, 9.6% of patients experienced VF.
In these patients, HCV reactivated at EOT (defined as
relapse) in 21 patients (8.07%), during treatment (break-
through) in 3 patients (1.15%), or did not stop replication
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at all (non-response) in 1 patient (0.38%). Demographic,
clinical and virological profiles of each VF patient are re-
ported in Table 3 of the Supplementary Material. In the
attempt to identify a pattern or a peculiar feature correlat-
ed to response or to failure of treatment, age, body mass
index, viral load, comorbidities, and chemical parameters
at TO were compared between VF and SVR patients (7a-
ble 2). VF patients showed more severe liver disease with
respect to the SVR. These included cirrhosis (84% of VF
patients vs 44.2% of SVR patients), liver complications
(e.g., ascites, encephalopathy, portal hypertension, esoph-
ageal varices) (72% vs 45.1%), and HCC (44%, vs 19.1%).
In contrast, there were no differences as regards viral load
and most hemato-chemical parameters, except platelets
(lower in VF) and bilirubin (higher in VF) and resulting
APRI and MELD. Unsurprisingly, patients who did not re-
spond to previous treatments were over-represented in the
VF group (60% vs 36.1%) (Table 2).

Only the HCV genome of twelve VF patients was se-
quenced to search for RAS. These were found in five VF
subjects but only two of them bore two NS3 regions RAS
(D168V and F43C) for the administered drug (SMV). Un-
fortunately, no samples at baseline or earlier were availa-
ble for the two patients to check whether these RAS were
present before therapy.

Side effects

During DAA therapy, 41.1% of patients manifested one or
more of the following side effects: asthenia (61%), head-
ache (14.9%), itching (12.1%), insomnia (9.3), hyperbiliru-
binemia (8.4%), anemia (7.4%), nausea/vomiting (6.5%),

and diarrhea (5.6%) (Table 4 of the Supplementary Mate-
rial). Adverse effects did not require intensive care or hos-
pital admission of patients.

To evaluate whether such noxious effects were due to RBYV,
which was present in four treatments, patients co-treated
with RBV (N=14, +RBV groups) were compared to pa-
tients who received no RBV (N=146, -RBV group). No sig-
nificant variations were observed between the two groups
and only 16 out of the 107 +RBV patients who reported
relevant side effects benefited from RBV dose reduction
(13/16) or suspension (3/16).

Is alpha-fetoprotein a marker of virological response?
Since alpha-fetoprotein (AFP) is considered a cancer
marker for HCC and other non-liver tumors (Terentiev AA
and Moldogazieva NT, 2013), this analysis was restricted
to patients with no HCC and for whom the data were avail-
able throughout the study. Regardless of the drug treat-
ment, AFP decreased in all 88 study patients (Table 5 of
the Supplementary Material, p-value=0.0012). AFP halved
by the end of treatment in all C SVR patients (Figure 3),
while a modest reduction was observed among the VF or
NC SVR patients (Table 5 of the Supplementary Material).
As a whole, the higher the AFP value at baseline, the faster
its reduction.

Hepatocellular carcinoma and DAA therapy

HCC occurred in 2 (2/204, 0.98%) patients, both achieving
SVR24 and one affected by cirrhosis. HCC recurrence was
observed in 8 HCV patients with HCC during treatment
(8/56, 14.28%) and after a median value of three months

Table 2 - Comparative analyses between patients experiencing virological failure or sustained virological response (SVR).

Virological failure Sustained virological response p value
Demographic data
Age (yr) 56 (51.5-63) 60 (53-72) 0.0223
BMI 27 (21.2-35.5) 25.5(23.4-28.7) 0.2516
Clinical aspects
Cirrhosis 84% (21/25) 44.2% (104/235) 0.0002*
Liver complications 72% (18/25) 45.1% (99/235) 0.0002*
MELD 11 (9.5-13) 8 (7-10) 0.0253*
APRI 2.29 (0.93-4.09) 1.03 (0.46-1.95) 0.0370*
HCC 44% (11/25) 19.1% (45/235) 0.0068*
Virology
HCV RNA (UI/mL) 1,069,083 (398,301-1,969,892) 1,253,438 (319,706-3,053,024) 0.4951
Therapy
Not naive 60% (15/25) 36.1% (85/235) 0.0291*
Baseline blood chemistry
Hemoglobin (g/dL) 13.35(11.2-14.6) 13-7 (12.6-14.9) 0.2191
Platelets (x10%/pL) 78 (64-125.5) 144 (95-196) <0.0001*
PT (INR) 1.27 (1.15-1.33) 1.07 (1-1.18) 0.0476*
Creatinine (mg/dL) 0.69 (0.66-0.88) 0.89 (0.71-1.1) 0.2101
Sodium (mmol/L) 140 (137-141) 140 (138-142) 0.3233
Albumin (g/dL) 3.5(3.4-3.8) 3.9(3.3-4.3) 0.0675
Bilirubin (mg/dL) 1.61(0.91-2.19) 0.79 (0.56-1.13) 0.0161*
AST (U/L) 66 (35.5-108.5) 52 (32-81) 0.4965
ALT (U/L) 54 (31-93) 52.5(34-83.2) 0.6073
ALP (U/L) 99 (88-119) 98 (74-142) 0.5080
AFP (ng/mL) 13 (5-20) 7 (3-12) 0.8030

Data reported as median (interquartile range, IQR) and numerical frequency (percentage). Body mass index, BMI; model for end-stage liver disease, MELD; AST; aspartate

aminotransferase, AST to platelet ratio index, APRI; prothrombin time, PT; alanine aminotransferase, ALT; alkaline phosphatase, ALP; alpha-fetoprotein, AFP.



Multifactorial analysis of HCV DAA therapy 193
Table 3 - Analyses of predictive models of sustained virological response.
Univariate Multivariate

SVR24 n/N (%) ODDS RATIO (95%CI) p value ODDS RATIO (95%CI) p value
Demographic data
Age >60 yr 117/125 (93.6) 2.107 (0.875-5.071) 0.397 NA
Sex M 158/177 (89.3) 0.648 (0.248-1.688) 0.543 NA
BMI >30 24/29 (82.7) 0.455 (0.156-1.322) 0.389 NA
Comorbidities
Cardiopulmonary 118/127 (95.9) 1.793 (0.761-4.219) 0.326 NA
Diabetes 42/49 (85.7) 0.559 (0.219-1.424) 0.427 NA
Renal insufficiency 18/20 (90.0) 0.953 (0.208-4.373) 0.989 NA
Liver
Cirrhosis 104/125 (83.2) 0.151 (0.050-0.454) 0.472 0.130
A, VE, PH 99/120 (82.5) 0.138 (0.461-0.416) 0.867 0.924
HCC 45/56 (80.3) 0.301 (0.128-0.708) 0.156 0.079
OLT 44/46 (95.6) 2.649 (0.602-11.656) 0.357 NA
Extraliver
Cryoglobulinemia 21/23 (91.3) 1.128 (0.248-5.123) 0.885 NA
Baseline virology/blood chemical data
Log HCV RNA 26 184/204 (90.2) 0.902 (0.322-2.521) 0.993 NA
Platelets (x10%/uL) <100 69/87 (79.3) 0.161 (0.064-0.404) 0.650 0.792
Bilirubin (mg/dL) >0.8 109/129 (84.5) 0.216 (0.078-0.595) 0.433 0.643
MELD 210 73/92 (79.3) 0.142 (0.054-0.371) 0.008* 0.125 (0.031-0.234) 0.011*
APRI >1 120/139 (86.3) 0.329 (0.127-0.854) 0.263 0.341
Previous VF 85/100 (85.0) 0.377 (0.162-0.877) 0.041 0.072
IV Week therapy
HCV RNA (UI/mL) <15 200/220 (90.9) 0.700 (0.246-1.987) 0.729 NA
Platelets (x10*/uL) >100 179/186 (96.2) 0.121 (0.048-0.306) 0.700 0.661
AST (U/L) <30 185/200 (92.5) 0.405 (0.171-0.957) 0.198 0.265
ALT (U/L) <30 185/206 (89.8) 1.418 (0.465-4.322) 0.686 NA
Bilirubin (mg/dL) <1 136/144 (94.4) 0.416 (0.176-0.981) 0.234 0.176
APRI <0.8 187/195 (95.8) 0.120 (0.049-0.296) 0.166 0.870
VIII Week therapy
HCV RNA (U/mL) <15 232/256 (90.6) 0.310 (0.031-3.101) 0.457 NA
Platelets (x10*/uL) >100 184/193 (95.3) 0.155 (0.065-0.373) 0.668 0.518
AST (U/L) €20 104/110 (94.5) 0.397 (0.153-1.031) 0.079 NA
ALT (U/L) <20 147/154 (95.4) 0.232 (0.093-0.579) 0.016* 0.463 (0.076-0.791) 0.014*
Bilirubin (mg/dL) <0.8 108/116 (93.1) 0.553 (0.229-1.332) 0.338 NA
APRI <0.6 172/180 (95.5) 0.172 (0.070-0.419) 0.651 0.351

Abbreviations: sustained virological response, SVR; body mass index, BMI; ascites, A; esophageal varices, EV; portal hypertension, PH; model for end-stage liver disease,

MELD; AST platelet ratio index, APRI; virological failure, VF; aspartate aminotransferase, AST; alanine aminotransferase, ALT.
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Figure 3 - AFP levels in SVR cirrhotic patients. ANOVA was
performed to compare alpha-fetoprotein (AFP) values at T0,
end of therapy (EOT), SVR12 e SVR24 of cirrhotic patients
with successful DAA response.

from the start of therapy (1.25-11.25); of these, 6 patients
(75%) reached SVR. To reduce HCC, all patients under-
went local-regional treatments (e.g., percutaneous ethanol
injection, radiofrequency ablation and transcatheter arte-
rial chemoembolization) and only 4 patients underwent
resection.

Success of antiviral treatment: looking for predictors
In an attempt to find (early) predictors of SVR, demog-
raphy, comorbidities, liver and extra-liver complications,
virological and blood chemistry parameters at baseline, at
4 and 8 weeks of therapy were thoroughly analyzed (Table
3). Among all parameters, T0O MELD score >10 and ALT
>20 after 8 weeks of DAA treatment were associated with
a high risk of VF. This result led us to propose MELD <10
at TO and ALT <20 after 8 weeks of therapy as positive pre-
dictors of DAA response.
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DISCUSSION

This monocentric, retrospective, study evaluated the effi-
cacy, safety and predictors of virological response to var-
ious anti-HCV DAA treatments. Compared to previous
studies, this was conducted in a heterogenous cohort of
patients with chronic HCV infection and characterized
by mild to severe stages of liver disease, with prior VF,
transplanted or waiting for OLT. The novelty of this sur-
vey is, therefore, that the HCV drugs were evaluated in a
real clinical setting where each patient had his/her own
clinical story and needed specific treatment. Overall, SVR
was >90%, a rate confirming the outstanding potency of
DAAs but slightly lower compared to two similar retro-
spective studies carried out in Germany (93.7%) (Werner
CR et al., 2016) and Brazil (93.5%) (Cheinquer H et al.,
2017). This discrepancy could be due to the study popula-
tion, in which 48.1% were C-patients compared to 34% in
the German study (Werner CR et al., 2016). Furthermore,
SOF that, together with RBV was the first IFN-free DAA
treatment, was administered to only 4.3% of Brazilian pa-
tients compared to 18.5% in our study (Cheinquer H et
al., 2017). Excluding difficult-to-treat patients, SVR24 in-
creased to 97% and fell to 83.2% and 85% including C and
previous VF patients. Similarly, SVR24 was lower consid-
ering parameters known to affect therapy performance,
such as low platelet values (85.9%), MELD >10 (83.6%)
and APRI score >1 (86.3%) (Myers RP et al., 2015). Finally,
OLT patients, including hard-to-treat, showed 93.5% SVR,
in agreement with a previous study performed in recipi-
ents of organ transplants (Saxena V et al., 2017). Finally,
and again in line with previous reports, patients >60 years
responded better (93.6% SVR) than patients <60 years
(87.4%), and genotype 3 was the most difficult to treat (Su
Fetal., 2017; Fathi Het al., 2017).

As regards SVR24 relative to each DAA regimen, SOF+R-
BV and SMV+RBYV were the least effective (SVR ~80%)
as opposed to DCV+RBV, LDV+RBV, OBV/PTV/r+RBV
and OBV/PTV/r+DSV=RBYV, which reached 94% SVR. In
published clinical trials, SOF+RBV treatment achieved
50% to 100% SVR depending on length of therapy (12,
16, or 24 weeks), HCV genotype, severity of liver disease
and previous VFs (Brai A et al., 2016; Crouchet E er al.,
2018; Zeuzem S et al., 2014; Isakov V et al., 2016). In ref-
erence studies OPTIMIST-1 and -2, C and NC-patients
infected by HCV genotype-1 and treated with SMV+RBV
reached SVR12 96.8% and 83.5%, respectively (Kwo P et
al., 2016; Lawitz E et al., 2016). In contrast, SVR of the
same treatment against HCV genotype 4 ranged 96.0% to
65.4% depending on severe liver disease, cirrhosis and
previous VF (Moreno C et al., 2015; Lawitz E et al., 2013).
High VF rates were found with SOF+RBV and SMV=+R-
BV regimens, in line with previous studies (Werner CR et
al., 2016). A phase II study to test DCV+RBY, carried out
in 2013-2014, showed 98%, 92%, and 89% SVR for geno-
type 1, 2, and 3, respectively (Sulkowski MS et al., 2014).
In our study, SVR was 100% for genotype la, 1b and
2, and 95.2% for genotype 3. In the current study, this
regimen was also tested against genotype 4, for which a
breakthrough case was observed. Another effective DAA
regimen was LDV+RBYV, which yielded a 98.7% SVR rate
similar to phase III clinical trials (a. Afdhal N ez al., 2014,
b. Afdhal N et al., 2014) or retrospective studies in het-
erogeneous cohorts (Werner CR et al., 2016; Cheinquer
H et al., 2017; Afdhal N et al., 2017). Finally, OBV/PTV/

r+RBV and OBV/PTV/r+DSV+RBY, reached 100% SVR in
patients with cirrhosis or previous VF. Such a remark-
able performance was also observed in previous phase
IT or IIT clinical studies carried out in homogeneous or
heterogeneous patient populations in which SVR ranged
from 91.8 to 100% (Werner CR et al., 2016; Cheinquer H
etal., 2017; Ferenci P et al., 2014; Poordad F et al., 2014).
Overall, this and reported studies demonstrate that DAA
therapy is highly efficient in all clinical settings and also
performs well in HCV-infected patients with heterogene-
ous and advanced stages of liver disease. There are still
some hard-to-treat categories who do not respond to
current DAAs. Elbasvir/grazoprevir for genotypes -1 and
-4 and pan-genotypic SOF/velpatasvir and glecaprevir/
pibrentasvir treatments, recently approved by the Euro-
pean Medicines Agency, could resolve this issue (Asselah
T et al., 2017; Jacobson IM et al., 2017; Kumada H et al.,
2018).

During treatment, some hematological and chemical pa-
rameters in C- and NC-patients were examined. Besides
a marked decrease of liver necrosis markers, APRI score
also significantly diminished, indicating a substantial re-
gression of liver damage. In contrast with previous stud-
ies, no significant increase of bilirubin levels in +RBV pa-
tients was observed (Juanbeltz R et al., 2017). Other he-
matochemical parameters were within the normal range,
confirming the optimal safety profile of DAAs. This con-
clusion is also supported by mild side effects reported in
all studies, including ours (Werner CR et al., 2016).

AFP is a marker of HCC and non-liver cancer but its relia-
bility is questionable in HCV patients since it also increas-
es during infection, perhaps as consequence of chronic
liver inflammation (Di Bisceglie AM et al., 2005). AFP fluc-
tuations thoroughly examined in IFN-based therapy and
in patients affected by HCV or hepatitis B virus infections
were largely ignored in IFN-free therapy studies (Nguyen
K et al., 2017). It was known that AFP diminishes during
IFN treatment only if patients have compensated cirrho-
sis (Nguyen K et al., 2017). In this study, AFP reduction
proved significant not only in SVR patients with compen-
sated cirrhosis but also with decompensated cirrhosis. It
can be inferred, therefore, that normalization of AFP in
HCV patients is a consequence of reduced liver inflamma-
tion under DAA treatment, thus making AFP a valuable
cancer marker for HCC screening in these patients as well.
Concerning the hypothesized role of DAA therapy in pro-
moting insurgence or recurrence of HCC, our study does
not support this theory since the rate of HCC recurrence
and occurrence was lower than in several retrospective
and prospective studies (Guarino M et al., 2018). Further
studies in large cohorts of patients are required to address
this issue.

Unfortunately, no blood samples collected before thera-
py were available for evaluation of possible correlations
between RAS and response to therapy. This analysis was
thus performed only in 12 patients who did not respond
to therapy. RAS within NS3-NS5 regions correlated to VFs
were detected in 16.6%, a rate lower than in a recent mul-
ticenter study in which NS3 and NS5A RAS were found in
49.5% of VF patients, much less in NS5B (Di Maio VC et
al., 2017).

The quest for pathological, biochemical, and virological
markers predicting the response to therapy has been pur-
sued since the dawn of HCV therapy. So far, the most re-
liable positive predictive value is serum HCV RNA level



Multifactorial analysis of HCV DAA therapy 195

at the 4™ week of therapy (Johnson K et al., 2017). Our
retrospective analyses found MELD score <10 pre-therapy
and a decrease in ALT values during therapy as possible
factors predicting SVR. These findings were also con-
firmed by other studies (Werner CR et al., 2016; Khan ST
et al., 2017). Khan and collaborators correlated a value of
40 U/L and at the 12" week with success of therapy (Khan
ST et al., 2017). Should our result be confirmed, the nov-
elty compared to previous findings is an earlier inference
of efficacy and, above all, at a time when adjustment of
therapeutic strategy is still possible. Further, it has been
reported that ALT and HCV RNA follow independent ki-
netic and transaminase decrease even when HCV RNA is
undetectable (Cento V et al., 2017). This finding suggests
that anti-HCV therapy operates on two possible sequential
levels: the first is halting of viral replication, monitored
by HCV RNA plasma levels; the second, either direct or
resulting from incapacity of the virus to replicate, is re-
duction of liver damage, inferred from ALT levels.

In conclusion, this study demonstrates that DAAs are safe
and effective in patients with various types and stages of
liver disease, providing a therapeutic opportunity also in
hard-to-treat conditions, timely adjustment of therapy
being achievable by monitoring rapidity of ALT decrease,
and with MELD score <10 pre-therapy being a possible
predictor of SVR.

However, the therapeutic regimens under investigation in
this study are now being replaced by new combinations
of DAAs (Elbasvir/grazoprevir, SOF/velpatasvir and gle-
caprevir/pibrentasvir). It will be of considerable clinical
interest to analyze the power of low values of MELD and
ALT reduction with new DAAs to confirm their validity
and reliability as predictors of SVR.

Thanks to new DAAs, the eradication of HCV infection is
likely an achievable goal. The definition of reliable and
handy early predictors of SVR would permit easy gauging
and refinements of drug therapy to avoid VF, emergence of
resistant strains, and worsening of the disease.
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