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o Since the advent of DAAs there has been a 50% decline in the
number of liver transplants.
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to indications other than HCV.
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Background & Aims:Direct-acting antivirals (DAAs) have
dramatically improved the outcome of patients with hepatitis
C virus (HCV) infection including those with decompensated
cirrhosis (DC). We analyzed the evolution of indications and
results of liver transplantation (LT) in the past 10 years in
Europe, focusing on the changes induced by the advent of DAAs.
Methods: This is a cohort study based on data from the Euro-
pean Liver Transplant Registry (ELTR). Data of adult LTs per-
formed between January 2007 to June 2017 for HCV, hepatitis
B virus (HBV), alcohol (EtOH) and non-alcoholic steatohepatitis
(NASH) were analyzed. The period was divided into different
eras: interferon (IFN/RBV; 2007-2010), protease inhibitor (PI;
2011-2013) and second generation DAA (DAA; 2014-June 2017).
Results: Out of a total number of 60,527 LTs, 36,382 were
performed in patients with HCV, HBV, EtOH and NASH. The
percentage of LTs due to HCV-related liver disease varied
significantly over time (p <0.0001), decreasing from 22.8% in
the IFN/RBV era to 17.4% in the DAA era, while those performed
for NASH increased significantly (p <0.0001). In the DAA era, the
percentage of LTs for HCV decreased significantly (p <0.0001)
from 21.1% (first semester 2014) to 10.6% (first semester
2017). This decline was more evident in patients with DC
(HCV-DC, —58.0%) than in those with hepatocellular carcinoma
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(HCC) associated with HCV (HCV-HCC, —41.2%). Conversely,
three-year survival of LT recipients with HCV-related liver dis-
ease improved from 65.1% in the IFN/RBV era to 76.9% in the
DAA era, and is now comparable to the survival of recipients
with HBV infection (p = 0.3807).

Conclusions: In Europe, the number of LTs due to HCV infection is
rapidly declining for both HCV-DC and HCV-HCC indications and
post-LT survival has dramatically improved over the last three
years. This is the first comprehensive study of the overall impact
of DAA treatment for HCV on liver transplantation in Europe.
Lay summary: After the advent of direct-acting antivirals in
2014, a dramatic decline was observed in the number of liver
transplants performed both in patients with decompensated
cirrhosis due to hepatitis C virus (HCV), minus 60%, and in those
with hepatocellular carcinoma associated with HCV, minus 41%.
Furthermore, this is the first large-scale study demonstrating
that the survival of liver transplant recipients with HCV-
related liver disease has dramatically improved over the last
three years and is now comparable to the survival of recipients
with hepatitis B virus infection. The reduction in HCV-related
indications for LT means that there is a greater availability of
livers, at least 600 every year, which can be allocated to patients
with indications other than HCV.

Crown Copyright © 2018 Published by Elsevier B.V. on behalf of
European Association for the Study of the Liver. All rights reserved.

Introduction
Viral hepatitis C has long been the most common indication for
liver transplantation (LT) in Europe and in the US, with over
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20% of all LT candidates on the waiting list having chronic hepati-
tis C virus (HCV) infection."? Until recently, the expected survival
rates for HCV infected liver graft recipients were the lowest
among all indications, due to severe and rapid HCV recurrence
with interferon (IFN)-based therapies giving low cure rates.'
The approval of first generation direct-acting antiviral agents
(DAAs), telaprevir and boceprevir, in 2011, marked the
beginning of a new era. These protease inhibitors (PI) were more
effective than the previous IFN-based regimens, but side-effects
and frequent drug-drug interactions limited their use for patients
with advanced liver disease. In 2014, more potent and better tol-
erated DAAs became available, and were offered first to patients
with compensated and even decompensated cirrhosis. Most
patients achieved a sustained virological response (SVR), allow-
ing hepatic function to improve within months of completing
treatment in the majority of patients with decompensated cir-
rhosis (DC) and a model for end-stage liver disease (MELD) score
below 20. This resulted in one of four patients being removed
from the waiting list.*"'? Concurrently, the great majority of
patients with compensated cirrhosis treated with DAAs did not
progress to DC and avoided LT. To better understand the impact
of the new DAAs pre and post-LT, we have interrogated the ELTR
registry. The two main objectives of this study were to investigate
whether DAAs had influenced indications for LT and improved
post-LT outcome of HCV recipients. Only patients with HCV, hep-
atitis B virus (HBV), alcohol (EtOH) and non-alcoholic steatohep-
atitis (NASH) etiologies and listed for DC or for hepatocellular
carcinoma (HCC) over the last decade were analyzed.

Patients and methods

This is a population-based cohort study of adult patients
based on data from the European Liver Transplant Registry
database (ELTR) who received a primary liver graft. The
methods and approach used to obtain the data have been
described previously.">'* An overview of data, approximately
95% of all LTs performed in the European Union were
prospectively collected using a standardized questionnaire.
The following information is available for each LT: date and
indication for LT, donor and recipient characteristics, graft
and patient outcomes and location of LT centers, according
to a sub-division of Europe: i) Central-North area, ii)
Mediterranean area and iii) Eastern area. The list of European
countries included in each area is reported in Table S1. The
data quality in the ELTR register is guaranteed by an internally
developed control quality program and by regular audit
monitoring of the contributing centers.'® This study considers
data collected in the ELTR register from January 1st 2007 to
June 30th 2017. Patient classification includes five groups
based on etiology of liver disease: A) HCV, B) HBV, C) EtOH,
D) NASH and E) all others indications (OTHERs). Patients with
greater than one etiology were assigned the most relevant one
according to this ranking: i) HCV, ii) HBV, iii) EtOH and iv)
NASH. For example, a patient with HCV and EtOH was
classified as HCV, while a patient with HCV and HBV was
classified as HCV. Following the US convention,'>!® patients
with a diagnosis of cryptogenic cirrhosis and a body mass
index (BMI) >30 were classified as NASH.

Evaluating the impact of DAA
Fully understanding the impact of the various HCV treatment
options that have entered the European market over the last
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decade necessitated the division into periods defined as eras,
for specific treatment against HCV infection as follows:
A) IFN/RBV era - from 2007 to 2010 when only IFN and
ribavirin (RBV) were available
B) PI era - from 2011 to 2013 when PI became available
C) DAA era - from 2014 to June 2017 when DAAs became
available

Statistical analysis

Descriptive statistical analysis was performed using median and
interquartile range (IQR) as central tendency and dispersion
parameters for continuous data and proportions for categorical
data. To assess the difference of baseline characteristics strati-
fied by different etiology, proportional test was used for cate-
gorical variables and Kruskas-Wallis test for continuous
variables. The same test was used to assess age at LT, DC preva-
lence, and age of donor within the eras and across different eti-
ologies. Differences in the prevalence of various etiologies over
time were compared by Cochran-Armitage test for trend, both
in the overall population and in patients with the same indica-
tion (DC or HCC) for LT. This analysis was also performed
respecting the three different European areas. Survival time
was calculated from surgery to death or liver retransplantation
(LrT) or to the last follow-up visit with a maximum follow-up of
36 months. Kaplan-Meier analysis was applied to estimate the
survival. The nonparametric log-rank test was used to compare
survival curves. Cox proportional hazard models were used to
assess the hazard ratios (HRs) between different eras within
the same liver disease and indication. The Cox models were also
used to assess the HRs between different etiologies of liver dis-
ease within the same era and indication. The HRs were esti-
mated unadjusted and adjusted for possible confounders:
MELD at LT, age at LT and age of donor. Missing data for con-
founders were considered as follows: single confounders less
than 5% were ignored; if greater than 5%, the post-LT outcomes
were compared between those with and without missing data.
No change indicated a random distribution of missing data with
zero impact on results, thus the variable was included, and not
included if a significant change was seen. Cumulative incidence
curves for death or LiT for disease recurrence, either HCV dis-
ease recurrence or HCC recurrence, or for other causes, were
constructed considering time to death or LrT as competing risks.
Gray’s Test for Equality was applied to compare Cumulative
Incidence Functions among eras. A p value <0.05 was considered
to be statistically significant. All analyses were performed using
SAS software (version 9.4; SAS Institute Inc., Cary, NC).

Results

Baseline

A total of 60,527 patients received an LT between January 2007
and June 2017 with 36,382 having one of the following etiolog-
ical diagnoses: HCV (20.6%), HBV (9.8%), EtOH (26.9%) or NASH
(2.8%) (Table 1). The OTHER group (39.9%) included cholestatic
disease (9.5%), autoimmune and cryptogenic cirrhosis (6.2%),
acute hepatic failure (4.8%), metabolic diseases (3.2%), benign
tumors (1.9%), malignant tumor other than HCC (1.5%), and a
variety of miscellaneous indications (12.8%). Median (IQR) age
at LT was 55 (47-61) years. Indications for LT were DC in
71.7% and HCC in 28.3% of the cases with HCC indication being
more prevalent in patients with HCV and HBV infection, com-
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Table 1. Baseline Characteristics of LT recipients in Europe (January 2007-June 2017).
Entire cohort HCV HBV EtOH NASH Others p value

N (%) 60,527 (100.0%)
Indication (%)

DC 71.69

HCC 28.31
Age, yr 55 (47.2-61.3)
Male sex, % 69.3
BMI, kg/m? 25.5 (22.8-28.9)
Donor age, yr 52.9 (38.8-65.6)
MELD score

DC 17 (12-25)

HCC 11 (8-17)

12,452 (20.6%)

536
46.4
55.1 (49.6-60.8)
76.2
25.5 (23.2-28.4)
54.8 (41.8-66.5)

17 (12-23)
11 (8-18)

5,918 (9.8%)

62.9
37.1

53.4 (45.5-59.6)
79.5

25.6 (23.1-28.4)
48 (31.1-63.7)

17 (12-24)
11 (8-17)

16,287 (26.9%)

1,725 (2.8%)

24,145 (39.9%)

745 75.3 810  <0.0001

25.5 247 19.0
57.6 (52-62.5) 59.8 (54-64.4)  51.8 (39.3-60.5)  <0.0001
82.7 67.8 542  <0.0001
267 (23.9-30.1)  315(29.3-34.3)  245(21.9-27.7)  <0.0001
57.4 (44.2-69.7) 52 (38-63.5) 50 (35.7-62.2)  <0.0001
18 (13-25) 19 (13-23) 17 (11-26)  <0.0001
13 (9-18) 12 (8-17) 10 (8-15)  <0.0001

*Kruskal-Wallis test or proportion test. Data are show as median (IQR). BMI, body mass index; DC, decompensated cirrhosis; EtOH, alcohol; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplant; MELD, model for end-stage liver disease; NASH, non-alcoholic steatohepatitis.

pared to EtOH, NASH or OTHERS (Table 1). Patients with EtOH or
NASH were older and had a higher BMI and MELD score at LT.

Characteristics of LT within the different eras

Median recipient age and median donor age increased across
the three eras in HCV, HBV, EtOH but not in patients with NASH
(p<0.0001). DC as a main indication for LT significantly
decreased only in HCV and EtOH patients (p <0.0001). MELD
score at LT increased by 1 to 2 points only in recipients with
HCV and HBV (Table 2).

Evolution of liver disease etiologies and indications for LT in
Europe

The total number of LT performed in Europe remained stable
across the years (Fig. S1). The 20% decline observed in the first
semester of 2017 is attributed to the delay in receiving the rel-
evant data, attributed to a minority of centers sending their
updated files to the registry every 12 months and not every

6 months, as required. Percentage and absolute numbers of
LTs according to main indication for LT (overall, DC and HCC)
and etiology (HCV, HBV, EtOH, NASH) are shown divided by
era (Fig. 1) and divided by semesters (Fig. 2). The percentage
of LTs for HCV in each era varied from 22.8% in IFN/RBV to
17.4% in the DAA era (p <0.0001) (Fig. 1A), with a decline from
13.2% to 8.0% (p <0.0001) in HCV-DC patients (Fig. 1B) and from
9.5% t0 9.4% (p = 0.2718) in HCV-HCC (Fig. 1C). Overall, the most
significant change of HCV as an indication for LT was found
within the DAA era, declining from 21.1%, (first semester
2014) to 10.6% (first semester 2017) (p <0.0001) (Fig. 2A). When
separating HCV-DC from HCV-HCC, the percentage of HCV-DC
as an indication for LT went from 11.4% (first semester 2014)
to 4.5% (first semester 2017) (p <0.0001) (Fig. 2B), while that
of HCV-HCC went from 10.6% to 6.1% (p <0.0001) (Fig. 2C).
Whereas the percentage of HBV-HCC as indication for LT
remained constant overtime (around 3.5%), patients undergoing
LT for HBV-DC significantly decreased (p <0.0001) overtime,

Table 2. Trends in the Demographic and clinical Characteristics of LT patients based on aetiology of Liver Disease.

HCV

HBV EtOH NASH

Median age at LT, yr

IFN era 54.2 (48.3-60.7) 52.7 (44.8-58.7)
PI era 55.0 (49.7-60.6) 53.6 (45.7-59.5)
DAA era 56.1 (51.4-61.3) 54.3 (46.3-60.8)
p value <0.0001 <0.0001
DC, %
IFN era 58.1 63.69
PI era 54.64 63.29
DAA era 46.05 61.32
p value <0.0001 0.2771

Median age of donor, yr
IFN era

53.4 (40.1-65.1)

47.6 (30.7-62.6)

Pl era 54.8 (42.0-66.1) 46.8 (29.7-64.6)
DAA era 57.5 (44.9-69.9) 50.2 (33.7-64.3)
p value <0.0001 0.0008
MELD score at LT - DC
IFN era 16 (12-22) 17 (12-25)
PI era 17 (12-23) 17 (12-24)
DAA era 17 (13-23) 19 (14-25)
p value 0.0017 <0.0001
MELD score at LT - HCC
IFN era 12 (8-18) 11 (8-16)
PI era 11 (8-19) 10 (7-16)
DAA era 11 (8-18) 11 (8-17)
p value 0.1156 0.1883

56.7 (51.1-61.2)
57.7 (51.9-62.5)
58.8 (53.3-63.5)

<0.0001

77.42
73.61
72.14
<0.0001

54.5 (41.6-66.8)
58.9 (45.7-70.9)
59.3 (45.9-71.7)

<0.0001

18 (13-25)
19 (14-26)
18 (13-25)

0.0024

13 (9-19)
13 (9-18)
12 (8-17)

0.0013

59.1 (53.4-63.3)
60.2 (55.0-64.6)
59.9 (53.9-65.0)

0.0106

77.71
75.58
74.15
0.4223

50.4 (37.8-62.6)
51.9 (36.3-63.6)
52.7 (39.8-63.9)

0.1887

17 (14-24)
17 (13-23)
17 (13-22)

0.6237

12 (8-18)
12 (8-16)
11 (9-16)

0.8963

*Kruskal-Wallis test or proportion test. Data are show as median (IQR); DAA, direct-acting antiviral; DC, decompensated cirrhosis; EtOH, alcohol; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; LT, liver transplantation; MELD, model for end-stage liver disease; NASH, non-alcoholic steato-

hepatitis; PI, protease inhibitor.
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direct-acting antiviral; DC, decompensated cirrhosis; ELTR, European Liver Transplant Registry; EtOH, alcohol; H2, second semester; HBV, hepatitis B virus;
HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; LT, liver transplantation; NASH, non-alcoholic steatohepatitis; PI, protease inhibitor;

RBV, ribavirin.

from 7.7% (first semester 2014) to 5.4% (first semester 2017)
(Fig. 2). In patients with NASH, the rate of LT increased in the
same period from 0.9% to 5.0% (p <0.0001) when the indication
was DC, and from 0.2% to 1.2% (p <0.0001) when HCC was the
main indication (Fig. 2). Twenty-five percent of liver transplants
performed in Europe are due to EtOH, representing the most
common indication for LT, a figure which remained quite stable
over the study period (Figs. 1 and 2).
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Evolution of liver disease etiologies and indications for LT in
European areas

Significant differences emerged from the comparison of the
three European areas. The Mediterranean countries had the
highest percentage of LT in HCV recipients, while Eastern Euro-
pean countries had the highest percentage of LTs performed in
patients with HBV infection and the lowest in those with
alcohol-related disease (Fig. S2). In all three European areas, a
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remarkable reduction in prevalence of HCV LT over time was
observed, the main reduction occurring within the DAA era.
The overall effect was an increase in LTs performed for etiolo-
gies other than HCV. In Northern Europe, the incidence of NASH
as an indication for LT arrived at 10.0% in the first semester of
2017, being the highest of all three European areas.

Impact of DAAs on survival after LT

Three-year patient survival for the different indications (DC or
HCC) and etiologies (HCV, HBV, EtOH or NASH) are reported
(Figs. 3 and 4). Three-year survival of patients with HCV-DC
improved from 65.1% in the IFN era to 76.9% in the DAA era
(p <0.0001) with HCV recurrence as cause of death or LiT
decreasing from 6.37% in IFN/RBV era to 1.27% in DAA era
(p <0.0001) (Table 3). A similar trend was observed in patients
with HCC associated with HCV (Fig. 4), with HCV recurrence
as cause of death or LiT decreasing from 5.89% in the IFN
era to 0.60% in DAA era (p<0.0001) and HCC recurrence as
a cause of death remaining stable (p =0.71) (Table 3). Patients
with HBV and NASH with or without HCC showed similar sur-
vival across the three eras (Figs. 3 and 4). Overall, the histor-
ical survival gap between patients with HCV infection and
those with HBV and EtOH observed in the IFN/RBV era has
disappeared in the DAA era (Fig. 5). All Cox proportional haz-
ard models were also performed adjusting for possible con-
founders such as MELD score at LT, age of the recipient and
age of the donor. The results in terms of three-year patient
survival of the adjusted and unadjusted models were similar
(Tables S2 and S3).

Transplantation

Discussion
Although an impact of new DAAs on liver transplantation was
anticipated, no large-scale data relative to Europe have been
available to date. This ELTR/ELITA study based on more than
60,000 patients provides two novel and important pieces of
information.

Firstly, while the number of LTs performed in Europe over
the last decade has remained stable, the percentage of LTs in
patients with HCV infection has almost halved since 2014, the
decrease being more evident in HCV-DC (-58.8%) than in
HCV-HCC (—41%). In absolute terms, this means that approxi-
mately 315 fewer transplants were performed in HCV patients
across Europe in the first semester of 2017 when compared to
the first semester of 2014. Concurrently, the percentage of
patients receiving an LT for NASH has progressively increased
from 1% to 6%, while the number of livers transplanted into
patients with alcohol-related liver disease or with hepatitis B
infection has not changed significantly.

Secondly and most relevant, survival of LT recipients with
HCV-related liver disease has dramatically improved over the
last three years, and is now comparable to the survival of recip-
ients with HBV infection. These results are most likely the direct
consequence of the availability of the new DAAs.

Regarding HCV infected patients with DC before LT, data from
clinical trials indicate that the new DAAs are not only highly
effective in curing HCV infection, but can favor the reversal of
decompensation in one in three patients, provided the MELD
score is below 20. This may explain part of the decline in the
number of LTs for HCV observed in more recent years. As
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Fig. 3. Survival after LT in patients with DC. Kaplan-Meier analyses comparing IFN era, PI era and DAA era, within the same etiology of liver disease. The
nonparametric log-rank test was used to compare survival curves. DAA, direct-acting antiviral; DC, decompensated cirrhosis; EtOH, alcohol; HBV, hepatitis B
virus; HCV, hepatitis C virus; IFN, interferon; LT, liver transplantation; NASH, non-alcoholic steatohepatitis; PI, protease inhibitor; RBV, ribavirin.
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Fig. 4. Survival after LT in patients with HCC. Kaplan-Meier analyses comparing IFN era, PI era and DAA era, within the same etiology of liver disease. The
nonparametric log-rank test was used to compare survival curves. DAA, direct-acting antiviral; EtOH, alcohol; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; IFN, interferon; LT, liver transplantation; NASH, non-alcoholic steatohepatitis; PI, protease inhibitor; RBV, ribavirin.
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Table 3. DC and HCC patients - death or LrT cumulative incidence (%) in the three eras, stratified by etiology of liver disease and cause of death.

Cause of death or LT IFN era (2007-2010)

Cumulative incidence (%)

Cumulative incidence (%)

PI era (2011-2013) DAA era (2014-2017)

Cumulative incidence (%)

1yr 2yr 3yr 1yr 2yr 3yr 1yr 2yr 3yr
HCV-DC (N) 2,957 2,107 1,606
HCV recurrence” 2.51 479 6.37 3.31 4.85 5.51 0.91 0.91 1.27
Other cause 17.36 20.93 23.89 14.53 17.33 19.32 13.17 17.17 18.25
Not indicated 3.06 3.87 4.60 4.01 4.88 5.60 2.74 3.50 3.50
HBV-DC (N) 1,542 1,142 1,036
HBV recurrence 0.22 0.31 0.50 0.00 0.00 0.00 0.00 0.00 0.00
Other cause 14.38 14.38 16.18 12.97 14.66 15.07 15.21 17.09 17.09
Not indicated 3.00 3.61 4.19 418 5.09 5.50 4.32 5.63 5.63
EtOH-DC (N) 4,532 3,579 3,999
EtOH recurrence 0.09 0.11 0.19 0.03 0.16 0.19 0.03 0.16 0.16
Other cause 15.23 17.68 19.58 13.54 16.13 18.33 11.30 14.03 16.19
Not indicated 3.25 3.92 4.28 3.20 4.01 4.40 347 4.40 5.78
NASH-DC (N) 272 393 633
NASH recurrence 2.67 3.11 3.11 0.82 0.82 1.27 1.31 2.24 2.24
Other cause 12.75 14.50 15.40 13.32 14.77 16.87 13.78 15.17 18.22
Not indicated 5.68 6.11 6.11 1.71 2.80 411 5.86 7.11 9.27
HCV-HCC (N) 2,130 1,747 1,880
HCV recurrence 2.50 431 5.89 2.39 3.79 4.42 0.37 0.60 0.60
HCC recurrence 6.47 8.81 10.40 5.85 8.42 9.63 5.60 8.48 10.50
Other cause 9.22 11.73 13.82 7.89 10.37 11.78 537 8.11 11.48
Not indicated 1.75 2.02 242 1.53 243 2.87 0.85 1.25 2.35
HBV-HCC (N) 878 662 654
HBV recurrence 0.00 0.14 0.14 0.00 0.00 0.00 0.00 0.00 1.46
HCC recurrence 6.10 6.10 11.15 4.71 7.68 9.47 4.98 8.37 8.37
Other cause 5.87 7.66 9.01 6.82 8.07 9.61 8.19 13.92 13.92
Not indicated 222 2.76 3.06 2.59 3.44 3.70 1.09 1.90 1.90
EtOH-HCC (N) 1,322 1,280 1,545
EtOH recurrence 0.00 0.16 0.32 0.08 0.08 0.45 0.11 0.11 0.11
HCC recurrence 4.92 6.83 7.97 4.84 6.11 7.19 5.92 7.19 10.06
Other cause 8.46 11.88 15.06 8.24 11.03 14.65 8.28 13.89 19.37
Not indicated 0.77 0.93 1.09 0.64 1.06 133 1.24 1.44 3.58
NASH-HCC (N) 78 127 221
NASH recurrence 1.32 2.69 2.69 0.00 0.00 0.00 0.00 0.00 0.00
HCC recurrence 4.07 9.60 11.00 4.10 5.11 7.40 3.25 7.50 7.50
Other cause 9.38 12.18 13.58 12.50 14.43 15.55 8.21 8.21 8.21
Not indicated 2.67 2.67 2.67 3.43 441 4.41 2.10 2.10 2.10

*p <0.05 estimated with the Gray’s test for equality of cumulative incidence functions (among era). DAA, direct-acting antiviral; EtOH, alcohol; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; IFN, interferon; LrT, liver retransplantation; NASH, non-alcoholic steatohepatitis; PI, protease inhibitor.

reported in two recent European studies, almost 30% of the
patients with DC on the waiting list and with a low priority for
LT could be delisted due to clinical improvement following
DAA therapy.'®'! But the main reason of the decline in the num-
ber of LTs is likely the reduced need of listing for LT of new
patients with HCV and DC. In fact, when DAAs are administered
to patients with compensated cirrhosis, the progression of their
liver disease can be generally halted and hepatic decompensa-
tion prevented.!? Two recent papers from the US foresaw the
changing scenario we are observing in Europe. Flemming et al.
observed a 32% decline in the adjusted incidence of waitlisting
for LT while Goldberg et al. reported a 37% decline in the number
of patients receiving a LT for DC while the number of those with
HCC are still increasing after 2014.'>1° Noticeably, the decline in
the percentage of LT for patients with HCV and DC observed in
the ELTR register was almost twofold greater than the decline
observed in the US, most likely because of our patient inclusion
period being extended to June 2017, whereas the two aforemen-
tioned studies did not extend their observation beyond 2015.
This longer period of time better captures the relevance to the
DAA use in the European cohort. The decline in the number of

Journal of Hepatology 2018 vol. 69 | 810-817

LTs for HCC in our study is particularly relevant because it is a
novel finding which indicates that the evolution of the indica-
tions for LT is occurring more rapidly than expected. While we
believe that the wide DAA use is the principal reason for the
reduced waiting list and reduced transplants performed in
patients with HCV, we cannot exclude that the changing epi-
demiology of HCV infection has also played a role.'” For example,
the majority of patients treated with DAAs are in fact ‘baby
boomers’, being born between 1945 and 1975, and thus their eli-
gibility for LT is progressively decreasing due to aging. However,
the rapid drop in the number of LT after 2014 strongly suggests
an important effect of DAA on the need for LT. In contrast, the
number of patients with NASH requiring LT has increased. This
trend has also been demonstrated by other studies, mainly from
the US showing a sharp increase in NASH in recent years with fur-
ther increases expected in the future.'>'®'® NASH is now the sec-
ond most prevalent indication for LT in the US, concurrent with
an increasing prevalence of obesity and metabolic syndrome in
the US population. These conditions are much less prevalent in
most of the European regions and this explains why NASH is still
a marginal indication for LT when compared with the US.

815

Downloaded for AdminAigo AdminAigo (aigo@scstudiocongressi.it) at Italian Association of Gastroenterology (AIGO) from ClinicalKey.com by Elsevier on October 14, 2018.
For personal use only. No other uses without permission. Copyright ©2018. Elsevier Inc. All rights reserved.



Research Article Transplantation
1 o IFNIRBV era (2007-2010)-DC .o Plera(2011-2013)-DC 1. DAAera(2014:2017)-DC
=0.0001
E 0.9 p <0.0001 0.9 p <0.0001 0.9 g
Tos| mm— o8 Sl
5
0.7 0.7
0.6 0.6! 6l
0 6 12 18 24 30 36 0 6 12 18 24 30 36 0 6 12 18 24 30 36
4,532 3,653 3,481 3,357 3,235 3,142 3,043 3,579 2,871 2,704 2,543 2,391 2,213 1,953 3,999 2,398 1,803 1,181 688 342 117
é — 1,542 1,146 1,017 926 873 811 757 1,142 757 641 543 460 387 308 1,036 436 285 174 99 44 15
5 2,957 2,273 2,061 1,884 1,772 1,649 1,560 2,107 1,530 1,323 1,214 1,108 974 837 1,606 984 763 500 295 143 53
— 272 195 182 174 172 167 163 393 286 257 227 200 189 155 633 279 176 115 48 21 5
Follow -up (months)
IFN/RBV era (2007-2010) - HCC Pl era (2011-2013)-HCC DAA era (2014-2017)-HCC con
1.0 1.0, 1.0, Y
X | h p=0.0608 Hov
= 091 % p <0.0001 0.9 p=00084 0.9 — NASH
. —_—l——
< 08 =, 0.8 \ 0.8
g — —‘_"‘—'—._
@ 07 Te— 0.7 T 0.7
0.6/ 0.6 0.6/
0 6 12 18 24 30 36 0 6 12 18 24 30 36 0 6 12 18 24 30 36
1,322 1,145 1,093 1,042 994 952 912 1,280 1,108 1,036 982 949 873 776 1,545 951 730 482 281 108 30
% — 878 715 949 589 556 526 499 662 507 445 401 348 301 247 654 333 230 133 75 23 6
% 2,130 1,703 1,551 1,418 1,322 1,239 1,165 1,747 1,395 1,227 1,101 994 887 779 1,880 1,203 888 577 15 131 33
— 78 65 60 56 52 51 50 127 97 88 82 74 64 55 221 111 78 44 22 10 2

Follow -up (months)

Fig. 5. Survival after LT within the same era. Kaplan-Meier analyses comparing different etiology of liver (HCV, HBV, EtOH and NASH) and transplant indications.
The nonparametric log-rank test was used to compare survival curves. DAA, direct-acting antiviral; EtOH, alcohol; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; IFN, interferon; LT, liver transplantation; NASH, non-alcoholic steatohepatitis; PI, protease inhibitor; RBV, ribavirin.

Significant differences emerged comparing the three
European regions. The Mediterranean countries had the highest
percentage of LT in HCV recipients, while Eastern European
countries had the highest percentage of LT in HBV recipients
in alignment with the different epidemiology of the virus in
the population. In addition, a much lower percentage of LT
performed in patients with alcohol-related disease in Eastern
countries possibly reflects a regional policy that limits the
access of these patients to LT programs.

One of the most notable findings of this study is the
improved survival rate observed in HCV liver transplant recip-
ients concurrently with the availability of DAAs, beginning in
the early post-transplant period and reaching a delta of 12%
three years out. The improved survival was observed despite
a concomitant increase in both recipient age and pre-LT MELD
score and even despite a concomitant increase in donor age, a
factor which has been largely reported as one the major nega-
tive factors impacting post-LT outcome in HCV recipients. In
addition, adjusted analysis confirmed that the improvement
in post-LT survival was independent of donor and recipient
age and of MELD score. The extent of the gain in survival
and its occurrence early after LT were not fully expected and
most likely depend on the combined effect of treating patients
with DAAs while listed, thus preventing HCV recurrence, or
curing HCV infection early after LT.!> The HCV recipient sur-
vival rate almost reaches that of HBV patients, the candidates
with the most positive expected outcomes after LT. This
improved survival rate is probably due to different factors,
since DAAs are crucial not only for preventing severe HCV
recurrence, but also for limiting other complications including
early graft dysfunction and immunological or infective compli-
cations where HCV may act as a cofactor.'®~2! This observation
will likely encourage a more widespread use of extended crite-
ria grafts also in HCV recipients. A recent study from Spain
reported similar trends, although the population size is not
comparable to that of the ELTR registry.*”
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A positive result of the decreased need of LT for HCV-related
indication is greater availability of donor livers, at least 600
every year in Europe, which may be allocated to indications
other than HCV. How to best allocate this relatively “increased
availability of grafts” is a question that needs to be urgently
addressed. It is not unreasonable to anticipate a new scenario
where patients once excluded from many LT programs such as
those with HCC beyond Milan criteria or those with alcoholic
hepatitis are likely to be considered as candidates for LT in
the near future.

There are some limitations to our study. Firstly, the ELTR reg-
ister does not contain information regarding the use of any drugs,
including DAAs. Thus, this may indicate an indirect link between
improved survival and the use of DAAs. To account for this, the
study period was divided in three eras marked by a specific treat-
ment against HCV infection having entered the European market.
Secondly, the ELTR database only provides data of liver trans-
plants but not of those on the waiting list. Thirdly, despite the
fact that steps have been taken to minimize the risk of bias when
evaluating the impact of DAA on post-LT survival analyses, the
effect of residual confounders cannot be excluded.

In conclusion, this study based on the data from the ELTR
registry, evidences a rapid decrease in the number of LTs in
patients with HCV-related decompensated cirrhosis, and to a
lesser degree, in those with HCC associated with HCV. This trend
is expected to continue provided that current policies aiming to
eradicate HCV infection in the population are maintained. In
contrast, the demand for LT for patients with NASH is rapidly
increasing, although at a slower pace than in the US. Notably,
this study shows for the first time on a large scale that DAAs
have led to a major improvement in HCV recipient survival.
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