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Abstract

Background Direct-acting antivirals (DAAs) are safe and effective for the treatment of HCV infection. However, data regard-
ing their efficacy in patients with Child—Pugh B cirrhosis are scarce and their capability in improving liver function is debated.
The aim of our study was to assess the clinical benefits of treatment with DAA in subjects with Child—Pugh B cirrhosis.
Methods We conducted a prospective multicentre study among patients with Child—Pugh B cirrhosis of an Italian real-life
HCYV cohort (LINA cohort) who received treatment with DAAs.

Results Among 89 patients enrolled, the rate of sustained virologic response 12 was 95.5%. No discontinuation occurred,
no patient died during treatment. Most patients had Genotype 1 (1b 61.8%, 1a 11.2%). Conversely, 22.5%, 1.1% and 3.4% of
patients had Genotype 2, 3 and 4, respectively. At last observation, 61.8% of patients switched to a Class A cirrhosis, 33.7%
remained in Class B and 4.5 worsened to Child C (p <0.001). Liver parameters significantly improved from baseline to
12 weeks after the end of treatment. Previous anti-HCV treatments and the presence of decompensated cirrhosis at 1 month
of treatment were significantly associated with a decompensated cirrhosis at the last observation.

Conclusions Treatment with DAA in patients with Child—Pugh B cirrhosis is safe and leads to a very high rate of viral clear-
ance, a significant rate of re-compensation and an improvement in liver function. Further studies are needed to assess the
impact of treatment on survival and quality of life in long-term follow-up.
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Introduction

The availability of second generation direct-acting antivirals
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in clinical trials when used in patients with decompensated
cirrhosis [11-13].

However, real-life data on the treatment with DAA in
patients with decompensated cirrhosis are conflicting. In
fact, results from a large Spanish real-life cohort showed
significant lower rates of SVR12 in patients with decom-
pensated cirrhosis compared with those with Child—Pugh
A cirrhosis [14], while an international multicentre cohort
study reported similar SVR12 rates among patients with
Child-Pugh A and Child—Pugh B/C cirrhosis [15].

Moreover, despite the high virological efficacy, data
regarding clinical benefits of DAA on decompensated liver
cirrhosis are scarce, especially in real-life settings [16, 17].
The aim of our study was to assess, in a cohort of subjects
with a baseline decompensated cirrhosis, the rate of patients
who have a compensated disease after treatment with DAAs.

Materials and methods

The complete study protocol is available as Supplementary
File.

Study design

We conducted a prospective multicentre study involving all
the patients with HCV chronic infection who received ther-
apy with DAA between March 2015 and December 2017 and
who referred to one of the following hospitals in Campania
region, Southern Italy, which is an endemic area for HCV
infection [18] (LINA cohort):

e University of Naples Federico II, Department of Clinical
Medicine and Surgery—Section of Infectious Diseases

e University of Campania, Luigi Vanvitelli, Infectious
Diseases Unit, Department of Mental Health and Public
Medicine

e Azienda ospedaliera dei colli, HIV unit

e OORR Area Stabiese—P.O. Gragnano. U.O.C. Medicina
Interna, Epatologia ed Ecografia Interventistica

Inclusion criteria for the LINA cohort were:

1. Patients affected by chronic HCV hepatitis.

2. Treatment with DAA started between March 2015 and
December 2017.

3. Age>18-year-old.

Exclusion criteria were:
1. Diagnosis of active hepatocellular carcinoma (HCC) at

the baseline.
2. Child-Pugh C cirrhosis.

3. Consent refusal.

Among patients in the LINA cohort, for the present analy-
sis, we included only those patients with a diagnosis of cir-
rhosis in class B according to Child—Pugh classification who
completed 12 weeks of post-treatment (12WPT) observa-
tion. Figure 1 shows the flowchart of the included patients.

Scheduled follow-up visits were time of enrolment (TOE),
1 month after the beginning of treatment (1 month of ther-
apy, IMT), at the end of treatment (EOT) and at 12 weeks
after the end of treatment (12WPT). All the patients under-
went a clinical exam and performed laboratory tests at TOE
and at each follow-up (FU) visit. Child-Pugh and MELD
score were calculated at each FU visit and at the date of last
observation (LO).

Clinical and laboratory adverse events were defined as per
NIH definitions [19] during the monthly check-ups.

Study outcomes and sample size

The primary outcome of the study was to assess, in a cohort
of patients with Child—Pugh B cirrhosis at baseline, the rate
of patients with a Child—Pugh B cirrhosis 12 weeks after the
end of the antiviral treatment.

Secondary outcomes were:

e To estimate the safety of DAA in a real-life setting in
term of treatment discontinuation.

e To analyse the course of liver disease in terms of MELD
and CHILD-PUGH score during and after the treatment.

e To analyse the laboratory parameters of liver function
and liver damage throughout and after the treatment with
DAA.

e To estimate the real-life efficacy (SVR12) of DAA in
patients with Child—Pugh B liver cirrhosis.

e To investigate the presence of predictive factors for
decompensation of the liver disease after treatment with
DAA.

Given the previously reported rate of 24% of patients in
waiting list for liver transplantation who showed significant
improvement in liver cirrhosis [17], a 40% rate of reduction
in decompensated cirrhosis among patients who received
DAA according to our definition was estimated. The calcu-
lated sample size was 61 (a-error: 0.05, power =0.8).

Statistical analysis

The Kolmogorov—Smirnov test was applied to quantitative
variables to check for Gaussian distribution. Data are given
as mean + standard deviation or as median and interquartile
range (IQR) in case of Gaussian and non-Gaussian distribu-
tion, respectively. For categorical dichotomic variables, the
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Fig. 1 Flowchart of the cohort
inclusion criteria
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2 test (or Fisher’s exact test if appropriate) was used for
comparisons between two unpaired groups, while the McNe-
mar test and the Cochrane Q test were used for comparisons
among paired groups (2 and 3 + groups, respectively). For
continuous non-Gaussian-distributed data, the Wilcoxon test
was used for comparisons between two paired groups, while
the Friedman test was used for comparisons among 3 or
more paired groups. Logistic regression model with back-
ward conditional step for multivariate analysis was used.
The variables that showed a p value < (.2 at the univariate
analysis were included in the multivariate model analysis.
The cut-off values for the stepwise method were p =0.05
for entry into the model and p=0.10 for removal from the
model. For all tests, a p value <0.05 at two-sided test was
considered statistically significant. Statistical analysis was
carried out using the Statistical Package for the Social Sci-
ences version 20.0 (SPSS Inc. Chicago, IL, USA).

Results

Among the 953 patients enrolled in the LINA cohort, 89
were included in the study according to the inclusion/exclu-
sion criteria. Clinical parameters of the 89 patients with
Child—Pugh B cirrhosis are shown in Table 1. No patients
underwent liver transplantation throughout the whole fol-
low-up and until LO.

@ Springer

Table 1 Clinical parameters of the enrolled patients (N=_89)

Age (years; median, IQR) 72 (67-76)
Male sex (n, %) 41 (46.1)
HCV-RNA (IU/ml; median, IQR) 466,400
(90,682—
1,519,730)
HCYV genotype (1, %)

la 10 (11.2)

1b 55 (61.8)

2 20 (22.5)

3 1(1.1)

4 3(34)
MELD (median, IQR) 11 (9-14)
Treatment experienced (1, %) 37 (41.6)
HIV co-infection (n, %) 2(2.2)
HBYV co-infection (n, %) 1(1.1)
Cryoglobulinemic syndrome (7, %) 334

Treatment efficacy

SOF+ LDV for 24 weeks was the most prescribed treatment
in our cohort (34/89 patients, 38.2%). Among patients with
HCV genotype 2, 14 (70%) received SOF + RBV while 6
(30%) received SOF + DCV when this treatment became
available for genotype 2 patients with contraindications to
RBYV (e.g. anemia, coronary diseases, severe pulmonary
diseases).
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All patients except 3 had HCV-RNA < 15 IU/ml at one
month of treatment (86/89, 96.6%), while 85/89 patients
achieved SVR12. Therefore, the overall SVR12 rate was
95.5%. All patients with HCV genotype 2 achieved the
SVR12 (20/20) while patients with genotype la and 1b
achieved SVR12 rates of 80% (8/10) and 96.4% (53/54),
respectively. Rates of SVR12 according to HCV genotype
and treatment are shown in Table 2. Two of the patients who
failed the cure received SOF plus simeprevir for 12 weeks
(one treatment-experienced genotype la and one treatment-
naive genotype 1b), while the other two patients received
SOF+LDV for 24 weeks (treatment-experienced genotype
la) and SOF+LDV+RBYV for 24 weeks (treatment-experi-
enced genotype 1b). All the 89 patients completed the treat-
ment, no discontinuation occurred. Regarding biochemical
efficacy, aminotransferase decreased rapidly during treat-
ment. We underline that neither enzyme lowering agents nor
other liver protecting agents were used during the treatment
with DAA in any of the enrolled patients.

For what concerns the tolerability, a total of 27 treat-
ment-related clinical and laboratory adverse events (AEs)
were experienced by 25 patients (28.1%). The most fre-
quently observed AE was anemia, which occurred in 10/89
patients (11.2%). Anemia was experienced by 4/24 (16.7%)
patients who received RBV and by 6/65 (9.2%) patients
who received a RBV-free regimen, respectively (p =0.45).
Eight patients (9.0%) had mild—moderate asthenia, while
three (3.4%) showed an episode of delirium. All these AEs
were completely reversible and they resolved after the end
of the treatment. Only one patient with a delirium episode
during treatment (SOF+LDV without RBV) had a diagno-
sis of psychosis after the end of the treatment; he had no
previous diagnosis of psychiatric comorbidities. Notably, 2
patients (2.2%) experienced a herpes simplex reactivation
which resolved with appropriate treatment (acyclovir). Only
1 (1.1%) patient experienced severe headache that required
symptomatic treatment (grade 3 according to NIH defini-
tions); it was reversible at the end of the treatment. Finally,
two patients experienced a rare AE: respectively, hyperkera-
tosis, and a cryoglobulinemic vasculitis reactivation. Both
improved after appropriate treatment.

Changes in liver function parameters
during the study period

During the observation period (median 11 months, IQR
6-21), rates of patients with persistent decompensated liver
disease were significantly lower at each observation time
point when compared to the TOE. Namely, rates of patients
who switched from a decompensated to a compensated
liver cirrhosis progressively increased during the observa-
tion from 45.5% at IMT to 61.8% at LO (p <0.001, Fig. 2).
Two out of 89 (2.2%) and 1/89 (1.1%) patients had HIV- and

HBV-co-infection, respectively. They were all assuming spe-
cific antiviral treatment and they all had suppressed HIV/
HBYV viremia at TOE and in the previous 3 years. They all
achieved SVR12 and they all had compensated cirrhosis
at LO. Among the 85 patients who achieved the SVR12,
55 (64.7%) were compensated at LO, while none of the
4 patients who failed to achieve the SVR12 was compen-
sated at LO (p <0.05). Most of the analysed parameters
showed significant reductions at each observation time
point compared to TOE (for all the comparisons of clinical
and laboratory parameters at different times of observation
see Table 3). Only 4/89 patients (4.5%) showed a worsen-
ing of liver disease after the end of the treatment (namely,
from Child—Pugh B to Child-Pugh C cirrhosis), while 3/89
patients (3.4%) showed at least one episode of liver decom-
pensation during the treatment. All the 3 patients who had
a decompensation episode during the treatment, eventu-
ally achieved the SVR12. Only 1 of these had compensated
cirrhosis at 12WPT and at LO. Two out of three received
SOF+LDV for 24 weeks while 1 received SOF + DVC for
24 weeks. They all had HCV-RNA plasmatic concentration
below the lower limit of detectability at IMT.

The results of the longitudinal analysis are provided as
Supplementary File.

Predictive factors for lack of improvement in liver
function

At the univariate analysis, a history of previous antiviral
treatment (OR 2.60, 95 CI 1.08-6.28; p <0.05) and the
presence of decompensated cirrhosis at IMT (OR 57.75,
95 CI7.33-454.88; p <0.001) were significantly associated
with a decompensated cirrhosis at LO. Conversely, a MELD
score > 11 at baseline, the presence of decompensated cir-
rhosis at EOT, HCV genotype, HCV-RNA > 800.000 IU/ml
at baseline, HCV-RNA detectable at IMT and at EOT were
not predictive for decompensated cirrhosis at LO (Table 4).
At the multivariate analysis, either a previous anti-HCV
treatment (OR 4.75, 95 CI 1.34-16.87; p <0.05) and the
presence of decompensated cirrhosis at IMT (OR 67.28,
95 CI 7.48-605.03; p <0.001) persisted significantly asso-
ciated with decompensated cirrhosis at LO (Table 4) when
considering in the analysis also HCV genotype 2 vs. others
and HCV-RNA > 800.000 IU/ml.

Discussion

In this sub-cohort of 89 patients with Child-Pugh B HCV-
related liver cirrhosis, we showed that treatment with DAAs
not only leads to high rates of SVR12 (95.5%), but also
ensures a significant improvement in liver function.

@ Springer
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Fig.2 Rates of patients with
compensated/decompensated
cirrhosis at the different times

of observation TOE

IMT

EOT

12WPT

LO

*Cochrane Q test

Compensated Cirrhosis
p<0.001*

Decompensated Cirrhosis

40,5%

45,0%

50,6%

61,8%

TOE: time of enrolment. 1IMT: one month of treatment. EOT: end of treatment. 12WPT: twelve weeks
post treatment. LO: last observation

The 95.5% rate of SVR12 is higher than previously
reported from other real-life settings [14, 15]. Actually, in
a phase II study, Lawitz et al. [20] reported a 100% rate
of SVR12 among patients defined as “decompensated liver
disease” but they also enrolled patients with a score of 5
according to Child—Pugh classification, which represents
a compensated phase of liver disease. Furthermore, Chang
et al. [21] showed a similar SVR12 rate (93%) in a cohort of
110 patients with advanced liver disease. However, only 37
patients in their cohort had decompensated liver cirrhosis
and, among them, SVR12 rate was 84%. Moreover, they
included in the decompensated group also patients classi-
fied as AS in Child—Pugh classification but with esophageal
varices.

For what concerns the primary outcome of the study, we
showed an astonishing improvement in liver function, with a
progressive increase in patients who switched from a decom-
pensated to a compensated phase of the liver disease through
the follow-up and up to 61.8% at last observation. In the
largest real-life cohort aimed to evaluate the impact of DAA
on liver decompensation, a significant reduction in MELD
score was reported in treated patients compared to untreated
ones (— 0.85, SD 2.54 vs+0.75, SD 3.54; p<0.001) [16].
However, such data only refer to a 3-month post-treatment
observation and the study was not aimed at analysing the
rates of patients who switched from decompensated to com-
pensated cirrhosis at 12WPT. Similar results were obtained
in a retrospective analysis performed in a cohort of patients
enlisted for liver transplantation [17] who showed a sig-
nificant reduction of MELD score and Child—Pugh score
after treatment with DAA. Moreover, 24% of patients with
decompensated cirrhosis without HCC were excluded from
liver transplantation waiting list due to improvements in

MELD score and in clinical outcomes. Despite these data
derived from a specifically designed population (patients
who were enlisted for liver transplantation and who mainly
received DAA treatment by compassionate use or expanded
access programme), similar results are awaited in real-life
settings. Also studies in pre-DAA era showed that viral
clearance after an interferon-based regimen led to a sig-
nificant reduction in portal hypertension [22, 23], which is
a surrogate marker of reduced incidence of complications
[24, 25]. Recently, similar results were shown in a cohort
of HIV/HCV co-infected patients who received treatment
with DAA [26].

As expected, most of the laboratory parameters of liver
injury and liver function significantly improved during
the study time. While the improvement in injury param-
eters (e.g. AST and ALT) reflects the HCV clearance, the
improvement in function parameters (e.g., albumin) and in
parameters related to portal hypertension (e.g., platelets) is
probably referable to a partial recovery of liver function.
Moreover, in our study, an increase in albumin levels was
observed as well (from 3.1 at TOE to 3.6 at 12WPT g/dl,
p <0.001). This may have clinical consequences. In fact,
in a study by Backus et al., albumin concentration was the
only parameter associated with mortality together with the
non-treatment of infected patients [27]. Finally, the observed
increase in neutrophil count might have an impact on the
occurrence of infections, which are known to worsen the
prognosis of patients with liver cirrhosis [28].

Accumulating evidences are supporting the benefits
of treating all the patients with HCV-related liver disease
including those with a decompensated liver disease for
several reasons. First, as we demonstrated in our study, the
treatment-induced HCV clearance leads to an improvement
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Table 3 Clinical and laboratory parameters of the enrolled patients at different times of observation

TOE IMT p* EOT p* 12WPT p* LO p*

Decompensated 89 (100) 53 (59.6) < 0.001 49 (55.1) < 0.001 44 49.4) <0.001 34(38.2) <0.001
cirrhosis (n, %)

Child—Pugh Score
A 0(0) 36 (40.4) < 0.001 40 (44.9) < 0.001 45 (50.6) <0.001 55(61.8) <0.001
B 89 (100) 52 (58.4) < 0.001 47 (52.8) < 0.001 43 (48.3) <0.001 30(33.7) <0.001
C 0(0) 1(1.1) 1.000 2(2.2) 1.000 1(1.1) 1.000 4 4.5) 0.375

MELD (median, 11 (10-14) 10 (9-12) 0.393 10 (8-12) 0.274 10 (8-12) 0.105 10 (9-13) 0.236
IQR)

HCV-RNA 0(0) 78 (87.6) < 0.001 86 (96.6) < 0.001 85(95.5) < 0.001 85(95.5) <0.001
undetectable
(n, %)

AST (1U/1; 62 (44-101) 30 (23-40) < 0.001 29 (21-36) < 0.001 29 (23-37) <0.001 - -
median, IQR)

ALT (1U/1, 50 (31-78) 19 (15-30) < 0.001 20 (15-27) <0.001 20 (17-28) <0.001 - -
median, IQR)

GGT (1U/1; 50 (30-94) 40 (24-62) < 0.001 30 (20-54) < 0.001 33 (22-60) < 0.001 - -
median, IQR)

Tot.Bil. (mg/dl;  1.46 (1.00-2.54) 1.37 (1.00-2.20) 0.493 1.18 (1.00-2.00) 0.345 1.20 (1.00-2.00) 0.164  — -
median, IQR)

INR (median, 1.1 (1.0-1.3) 1.1 (1.0-1.3) 0.406 1.1 (1.0-1.3) 0.129 1.1 (1.0-1.4) 0.643 - -
IQR)

Albumin (g/dl, 3.1 (3.0-3.8) 3.1(3.0-3.8) 0.115 3.4 (3.0-4.0) <0.05 3.6(3.0-4.0) <0.001 - -
median, IQR)

AFP (IU/1, 9.9 (4.3-21.8) 6.8 (4.0-11.5) 0.422 6.7 (5.0-9.0) 0.093 5.2 (3.7-8.0) 0.227 - -
median, IQR)

WBC (cells/ 3.7 (2.8-4.9) 4.4(3.0-5.2) <0.01 3.9(3.0-5.2) <0.05 4.13.1-5.3) 0.111 - -
pl x 10%,
median, IQR)

NEU (cells/ 2.1 (1.5-2.9) 2.4 (1.7-3.0) <0.05 2.1(1.7-3.1) 0.072 2.3(1.7-3.1) < 0.05
ul x 103,
median, IQR)

PLT (cells/ 73.5 (52.2— 79.0 (57.5— 0.224 82.0 (53.0- 0.058 81.0 (53.0- <0.05 - -
pl x 10°, 110.8) 113.5) 110.0) 110.0)

median, IQR)

Bold refers significant p values

TOE time of enrolment, /MT one month of treatment, EOT end of treatment, LO last observation, /2WPT twelve weeks post-treatment, AST
aspartate aminotransferase, ALT alanine aminotransferase, GGT gamma-glutamyl transpeptidase, 7ot.Bil total bilirubin, /NR international nor-
malised ratio, AFP alpha-fetoprotein, WBC white blood cells, NEU neutrophils, PLT platelets

*Comparisons were made with baseline values. The McNemar test and the Wilcoxon test were use when appropriate (dichotomic and continuous

variables, respectively)

in liver function in patients with decompensated liver cir-
rhosis and a subsequent re-compensation of the disease.
Secondly, the presumed higher risk of HCC development
after DAA treatment has been ruled out from many studies
[29, 30]. At last, the universal treatment of HCV-infected
patients can lead to the desired HCV eradication by 2030 as
called by the WHO [31].

Furthermore, given our results regarding the predictive
factors for lack of improvement in liver function, patients
who previously received an IFN-based regimen have a lower
chance of getting benefit from treatment with DAA. In fact,
treatment-experienced patients had a 4.75-fold risk of not

@ Springer

having a clinical improvement after treatment, probably
due to the long course of the diseases and the occurrence
of non-reversible liver damage. It is not possible to state
whether HCV clearance is associated with improvement of
liver function due to the paucity of patients who did not
reach SVR12 in our cohort. However, it is notable that the
other only predictive factor for lack of improvement was
the presence of decompensated liver cirrhosis at 1 month of
treatment (OR 67.28, CI 95 7.48-605.03 at the multivariate
analysis).

Our study had some limitations. First, whether the sample
size was powered enough for the primary outcome, it was
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Table 4 Regression logistic
analysis for decompensated

Univariate analysis Multivariate analysis

cirrhosis at last observation OR 95 CI p OR 95 CI )4
Treatment experienced 2.60 1.08-6.28 < 0.05 4.75 1.34-16.87 < 0.05
APRI>1 at TOE 1.89 0.45-7.95 0.384 - - -
FIB-4>3.25 at TOE 1.55 0.27-9.02 0.626 - - -
MELD > 11 at TOE 1.80 0.44-7.28 0.410 - - -
Decompensated cirrhosis at IMT ~ 57.75  7.33-454.88 < 0.001 67.28 7.48-605.03 < 0.001
Decompensated cirrhosis at EOT ~ 0.62 0.04-10.30 0.741 - - -
Genotype la 1.72 0.46-6.46 0.419 - - -
Genotype 1b 1.50 0.61-3.68 0.373 - - -
Genotype 2 0.32 0.10-1.07 0.065 1.22 0.24-6.13 0.804
Genotype 3 # # # - - -
Genotype 4 0.80 0.07-9.21 0.860 - - -
HCV-RNA >800.000 (IU/ml) 2.44 0.95-6.27 0.063 0.57 0.17-1.93 0.369
HCV-RNA detectable at IMT 2.14 0.60-7.66 0.241 - - -
HCV-RNA detectable at EOT 1.61 0.10-26.56 0.741 - - -

SVRI12

~ ~ ~ — — —
~ ~ ~

TOE time of enrolment, /MT one month of treatment, EOT end of treatment, SVRI2 sustained virologic

response at 12 weeks post-treatment

#Not analysable, only one patient had HCV genotype 3 infection

~Not analysable: all patients without SVR12 were decompensated at last observation

not large enough to draw accurate conclusions regarding the
longitudinal changes in liver function parameters. However,
we showed significant changes even in a restricted sample.
Moreover, we missed several data regarding laboratory
parameters at LO, thus precluding us to analyse longitudinal
changes in the middle and long term. Finally, as mentioned
above, the paucity of patients who did not reach SVR pre-
cluded us to analyse clear relationship between HCV clear-
ance and re-compensation of liver disease.

In conclusion, the treatment with antiviral agents of
patients with HCV-related Child—Pugh B liver cirrhosis is
safe and leads to a very high rate of viral clearance, a signifi-
cant rate of re-compensation, and an improvement in liver
function and in serological markers of fibrosis. Further stud-
ies are needed to assess the impact of treatment on survival
and quality of life in the long-term follow-up.
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