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The efficacy of direct anti-HCV drugs improves early
post-liver transplant survival and induces significant

changes in waiting list composition

Graphical abstract Authors

1
st

 mo 3
rd

 mo 6
th

 mo 1
st

 yr 2
nd

 yr 3
rd

 yr

LT 2008-2013 0.97 0.95 0.93 0.89 0.85 0.82

LT 2014-2016 0.97 0.96 0.95 0.94 0.92 0.91

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3

S
u
rv

iv
a
l

Years

LT 2008-2013 (n = 753)

LT 2014-2016 (n = 361)
p = 0.002

Highlights
� After the approval of DAAs, post-liver transplant survival has

significantly increased.

� The improved survival of LT recipients is exclusive to anti-

HCV positive patients.

� A high access to DAAs before and while on the wait-list and

after LT explains these results.

� DAAs also result in a significant decrease in anti-HCV

patients included on the wait-list.

Gonzalo Crespo, Núria Trota, Maria-Carlota

Londoño, ..., Jaume Tort, Xavier Forns,

Miquel Navasa

Correspondence

gcrespo@clinic.cat
(G. Crespo) mlondono@clinic.cat
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Lay summary
The efficacy of the new direct-acting

antivirals is associated with a significant

improvement in survival of patients

undergoing liver transplantation because

of hepatitis C virus-related liver disease.

In addition, it has decreased the number

of patients with hepatitis C that need a

liver transplant.

http://dx.doi.org/10.1016/j.jhep.2018.02.012
� 2018 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2018, 69, 11–17
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The efficacy of direct anti-HCV drugs improves early
post-liver transplant survival and induces significant changes

in waiting list composition

Gonzalo Crespo1,⇑, Núria Trota2, Maria-Carlota Londoño3,⇑, Ezequiel Mauro1,4, Carme Baliellas5,
Lluís Castells6, Jose Castellote5, Jaume Tort2, Xavier Forns3, Miquel Navasa1

1Liver Transplant Unit, Liver Unit, Hospital Clínic, IDIBAPS, CIBERehd, Universitat de Barcelona, Spain; 2Organització Catalana de
Trasplantaments, Servei Català de la Salut, Catalonia, Spain; 3Liver Unit, Hospital Clínic, IDIBAPS, CIBERehd, Universitat de Barcelona,

Spain; 4Liver Unit, Hospital Italiano, Buenos Aires, Argentina; 5Liver Transplant Unit, Liver Unit, Hospital Universitari de Bellvitge, IDIBELL,
Universitat de Barcelona, Spain; 6Liver Unit, Department of Internal Medicine, Hospital Universitari Vall d’Hebron,

Universitat Autònoma de Barcelona, CIBERehd, Spain

Background & Aims: The efficacy of direct-acting antivirals

(DAAs) has dramatically changed the prognosis of patients with

chronic hepatitis C. We aimed to evaluate the impact of DAA

therapy on the composition of the liver transplant (LT) waiting

list and the early post-transplant survival.

Methods:We evaluated all patients admitted to the waiting list

for a primary LT between 1st January 2008 and 31st of December

2016 in Catalonia, Spain. Time spanwas divided into two periods

according to the availability of different antiviral therapies:

2008–2013 (interferon-based therapies) and 2014–2016 (DAA).

Changes in the indications of LT and the aetiology of liver dis-

ease, as well as post-LT patient survival, were evaluated accord-

ing to the year of inclusion and transplantation, respectively.

Results:We included 1,483 patients. Admissions in the waiting

list for hepatitis C virus (HCV)-related liver disease decreased

significantly, from 47% in 2008–2013 to 35% in 2014–2016 (p

<0.001), particularly because of a reduction in patients with

decompensated cirrhosis. In contrast, NASH-related inclusions

increased from 4% to 7% (p = 0.003). Three-year post-LT patient

survival increased significantly in the second period in the

whole cohort (82% vs. 91%, p = 0.002), because of better survival

in anti-HCV positive patients (76% vs. 91%, p = 0.001), but not in

anti-HCV negative patients (88% vs. 91% p = 0.359). Anti-HCV

positive serology, the time period of 2008–2013 and higher

donor age were independently associated with post-LT mortal-

ity in the whole cohort; while time period and donor age were

independently associated with post-LT mortality in anti-HCV

positive recipients.

Conclusions: The high efficacy of DAAs is associated with sig-

nificant changes in the composition of the LT waiting list and,

more importantly, results in improved post-transplant survival.

Lay summary: The efficacy of the new direct-acting antivirals is

associated with a significant improvement in survival of

patients undergoing liver transplantation because of hepatitis

C virus-related liver disease. In addition, it has decreased the

number of patients with hepatitis C that need a liver transplant.
� 2018 European Association for the Study of the Liver. Published by

Elsevier B.V. All rights reserved.

Introduction
Hepatitis C virus (HCV) infection is the main cause of end-stage

liver disease leading to liver transplantation (LT) in the Western

world, and until the widespread use of the direct-acting antivi-

ral (DAA) regimens it had a significant detrimental impact on

post-transplant patient and graft survival.1–4 However, the

availability of DAAs, harbouring excellent efficacy and tolerabil-

ity, has represented a dramatic change in the prognosis of

patients with HCV infection, as sustained virological response

(SVR) rates are around 95% even in LT patients and in the range

of 85–90% in patients with decompensated cirrhosis.5–11 The

impact of viral eradication on patient survival and the risk of

hepatocellular carcinoma (HCC) has been demonstrated in stud-

ies both in the interferon (IFN) and DAA eras.12–14 However, the

possibility of using DAAs in patients with more advanced liver

disease may lead to significant changes in the LT waiting list

and in early post-LT survival.15 In this regard, two registry and

population-based studies from the US have shown a significant

decrease in the proportion of patients with HCV-related liver

disease that are included on the waiting list, particularly with

the indication of decompensated cirrhosis, accompanied by a

progressive increase in patients being put on the waiting list

because of non-alcoholic steatohepatitis (NASH) and alcoholic

liver disease.16,17 In addition, it has been demonstrated in other

studies that approximately 20% of HCV-infected patients with

decompensated cirrhosis who achieved SVR on the waiting list

could be delisted because of clinical improvement.18,19 In a

recent study, a significant improvement in post-LT survival in

the period 2011–2014 was seen compared to 2004–2010.20 In

this study, such improvement was also seen in patients who

underwent LT for other aetiologies of liver disease, although

the magnitude of improvement seemed to be higher in patients

with HCV-related liver disease. In this manuscript, we aimed to

evaluate the efficacy of DAA on the composition of the LT wait-

ing list and particularly on early post-LT survival.

Journal of Hepatology 2018 vol. 69 j 11–17

Keywords: HCV; Direct-acting antivirals; Liver transplantation; Waiting list.
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Patients and methods
This is a cohort study of patients who were listed for LT in Cat-

alonia (north-eastern Spain). This cohort includes all patients

treated at the three centres (Hospital Clínic, Hospital Bellvitge,

Hospital Vall d’Hebron) that offer LT in the region and that serve

a population of 7.5 million inhabitants. In Catalonia, OCATT

(Organització Catalana de Trasplantaments), a public institution

depending on the Catalan Health Department, is responsible for

the organisation, management and coordination of the different

solid organs’ waiting lists. The three LT centres, who share the

same indications and contraindications for LT, have a common

liver waiting list that is periodically updated according to the

model for end-stage liver disease (MELD) score.21 The three cen-

tres prospectively and electronically provide OCATT with the

clinical and analytical data of the patients on the waiting list,

and OCATT is responsible for updating the waiting list and the

management of organ distribution. In addition, the three centres

communicate OCATT waiting list and post-transplant survival

on a biannual basis. Finally, since DAA approval, data on anti-

HCV antiviral therapy, including the indication for treatment

and the outcome of therapy are periodically recorded and mon-

itored by the Catalan Health Department.

In this report, all first entries in the adult LT waiting list

between January 1st 2008 and December 31st 2016 were iden-

tified. Patients listed for urgent transplantation (acute liver fail-

ure), and those with prior transplantations were excluded. Data

on the aetiology of liver disease and indication for LT were

extracted from the data files of the patients provided by the cen-

tres at waiting list inclusion. The indications for LT, as commu-

nicated by the different centres to OCATT, were categorised as

‘‘decompensated cirrhosis”, ‘‘HCC”, or ‘‘others”. With regard to

the aetiology of liver disease, we focused on changes in three

specific aetiologies: hepatitis C, alcohol, and non-alcoholic

steatohepatitis (NASH), and the remaining aetiologies (hepatitis

B virus [HBV], cholestatic, polycystic or metabolic diseases)

were classified together as ‘‘others”. Hepatitis C was defined

as the presence of anti-HCV antibodies, independent from

HCV RNA status. Patients with dual causes (i.e. HCV-HBV coin-

fection, HCV + alcohol) were categorised as HCV, and patients

with the diagnosis of cryptogenic cirrhosis and NASH were cat-

egorised together.

The time of study was divided into two periods to evaluate

the impact of the different antiviral therapies. The first period

(2008–2013) accounts for IFN-based regimens, while the second

period (2014–2016) includes DAA-based therapy. Trends in the

indications for LT and in the aetiology of liver disease were eval-

uated according to the moment of entry to the waiting list. In

contrast, in order to properly reflect the effect of DAAs, delisting

because of improvement after antiviral therapy was evaluated

according to the actual year of delisting, independently from

the year in which patients were included in the list. Similarly,

three-year post-LT patient survival was evaluated according to

the actual year of transplantation.

Patients were considered for antiviral therapy with DAA,

either on the waiting list or after LT, at physician and centre dis-

cretion, and depending on the availability of compassionate use

or expanded access programmes until the development of the

Spanish Strategic Plan for hepatitis C treatment in February

2015, that permitted the access of all patients on the waiting list

and LT recipients to therapy. Treatment regimen and duration,

as well as use of ribavirin, were chosen based on the available

drugs at the time of therapy and according to the European

Association for the Study of the Liver guidelines when avail-

able.22 Timing of and response to DAA, both on the waiting list

and after LT, were extracted from the data centralised by OCATT.

Median and interquartile range (IQR) were used to describe

quantitative variables and percentages for categorical variables.

Differences in qualitative variables were assessed using Chi-

square or Fisher’s tests, while Kruskall-Wallis test was used to

study the differences in quantitative variables. The changes in

the indications of LT across time were evaluated using Chi-

square test for trend in proportions. Post-LT three-year patient

survival was evaluated with Kaplan-Meier analysis, and univari-

ate and multivariate Cox regression analysis was used to evalu-

ate the variables associated with post-transplant patient

survival. Available variables included transplant time period,

HCV serostatus, antiviral therapy, variables related to the recip-

ient, donor (age) and surgery (cold ischaemia time). Statistical

analysis was performed with R Software version 3.3.2 (R Foun-

dation for Statistical Computing). Patients were followed until

June 30th 2017.

For further details regarding the materials used, please refer

to the CTAT table.

Results
Patients

During the study period, 1,483 patients meeting the study

inclusion criteria and without exclusion criteria were admitted

to the waiting list. The main characteristics of the patients at

waiting list admission, in the whole cohort, and according to

anti-HCV serology and period of waiting list inclusion are

shown (Table 1).

Changes in waiting list composition

The total number of patients included on the waiting list

decreased during the study period, from 180 in 2008 to 138 in

2016. Inclusions on the waiting list are shown for patients

throughout the study period with HCV-, alcohol- and NASH-

related liver disease (Fig. 1A). Inclusions of patients with HCV-

related liver disease significantly decreased across time, from

94/180 (52%) indications in 2008 to 33/138 (24%) in 2016

(Fig. 1B), with the sharpest decrease taking place in the years

2015 and 2016 (p <0.001). Paralleling the decrease, NASH-

cryptogenic related indications significantly increased, from

5/180 (3%) in 2008 to 14/138 (10%) in 2016 (p = 0.001)

(Fig. 1C). In contrast, despite a numerically high proportion of

alcohol-related indications in recent years (from 52/180 [29%]

in 2008 to 53/138 [38%] in 2016), this increase was not statisti-

cally significant (p = 0.229, Fig. 1D). When analyzed categori-

cally (2008–2013 vs. 2014–2016) the same results were

observed (Table 1): HCV-related liver indications decreased sig-

nificantly (47% vs. 35%, p <0.001), NASH-cryptogenic related

indications increased significantly (4% vs. 7%, p = 0.003) and

alcohol-related indications did not significantly change (32%

vs. 34%, p = 0.541). Patients classified as ‘‘other aetiologies”

also increased significantly in the second period (17% vs. 23%,

p = 0.004).

Within HCV-related indications, decompensated cirrhosis

decreased significantly during the study period (Fig. 2): while

it accounted for 44/94 (47%) HCV-related indications in 2008,

only 8/33 (24%) anti-HCV positive candidates were included

in the list in 2016 because of decompensated cirrhosis

(p = 0.004). This was paralleled by a relative increase in

Research Article Viral Hepatitis
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inclusions in the waiting list because of HCC in patients with

HCV, despite the absolute number of HCC-HCV inclusions also

decreased over time.

Antiviral therapy

Thirty-five of the 477 anti-HCV positive patients included on

the waiting list in the period 2008–2013 were HCV RNA nega-

tive at waiting list inclusion (7%). Of the 442 patients with pos-

itive HCV RNA at admission to the waiting list, 57 (13%)

underwent antiviral therapy on the waiting list: 24 with pegy-

lated IFN (PegIFN) and ribavirin, five with triple therapy with

boceprevir or telaprevir and 28 with DAA (see later). SVR was

46% (11/24) for patients treated with PegIFN and ribavirin and

80% (4/5) for patients treated with triple therapy.

Among the 224 anti-HCV positive patients included on the

waiting list between 2014 and 2016 (n = 168), or who were on

Table 1. Baseline characteristics of the patients included in the study.

All

(N = 1,483)

Anti–HCV+

(n = 645)

Anti–HCV�

(n = 838)

p value Period 2008–2013

(n = 1,008)

Period 2014–2016

(n = 475)

p value

Age, years 57 (50–63) 56 (50–62) 57 (50–63) 0.308 56 (50–62) 57 (51–64) 0.011

Male 1,106 (74.6%) 478 (74.1%) 628 (74.9%) 0.715 749 (74.3%) 357 (75.1%) 0.750

LT indication

Decompensated cirrhosis 710 (47.9%) 290 (45%) 420 (50.1%) <0.001 503 (49.9%) 207 (43.6%) 0.057

HCC 585 (39.4%) 344 (53.3%) 241 (28.8%) 378 (37.5%) 207 (43.6%)

Other 188 (12.7%) 11 (1.7%) 177 (21.1%) 127 (12.6%) 61 (12.8%)

Baseline liver disease n.a.

HCV 645 (43.5%) 645 (100%) – 477 (47.3%) 168 (35.4%) <0.001

Alcohol 485 (32.7%) – 485 (57.9%) 324 (32.1%) 161 (33.9%)

NASH–cryptogenic 72 (4.9%) – 72 (8.6%) 37 (3.7%) 35 (7.4%)

Other 281 (18.9%) – 281 (33.5%) 170 (16.8%) 111 (23.3%)

HIV positive 69 (4.7%) 59 (9.1%) 10 (1.2%) <0.001 55 (5.5%) 14 (2.9%) 0.045

Ascites at WL admission 715 (48.2%) 289 (44.8%) 426 (50.8%) 0.021 478 (47.4%) 237 (49.9%) 0.404

HE at WL admission 173 (11.7%) 62 (9.6%) 111 (13.2%) 0.033 117 (11.6%) 56 (11.8%) 0.989

MELD score at WL admission 15 (10–20) 14 (9–18) 16 (11–21) <0.001 15 (11–20) 15 (10–19) 0.026

LT, liver transplantation; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HE, hepatic encephalopathy; MELD, model for end-stage liver disease; NASH, non-alcoholic

steatohepatitis; WT, waiting list.

Differences were assessed using Chi-square test or Fisher’s test for qualitative variables, and Kruskal-Wallis for quantitative variables.
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Fig. 1. Waiting list inclusions. Inclusions in the waiting list for (B) HCV-, (C) NASH-, and (D) alcohol-related liver disease, according to the year of waiting list

admission. Left Y-axis shows absolute number of inclusions, and right Y-axis shows percentage. (A) The merged percentages of inclusion for the three

aetiologies. HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis.
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the waiting list at the beginning of the period (n = 56), 42 (19%)

were already HCV RNA-negative at waiting list admission, 118

(53%) received antiviral treatment with DAAs on the waiting list

(43 with decompensated cirrhosis and 75 with HCC as the indi-

cation of LT), 10 (4%) were delisted because of disease progres-

sion or died before starting therapy, and in the remaining 54

(24%) treatment was postponed after LT for different reasons

(considered too sick, absence of available antiviral therapy or

concerns regarding HCC). Interestingly, the proportion of anti-

HCV positive patients who were already HCV RNA negative

when included in the waiting list increased over time, from

5% in 2014, to 17% in 2015 and then 63% in 2016.

The most frequently used DAA combination before LT was

sofosbuvir and daclatasvir, which was employed in 56 patients

(47%), in 13 of them with ribavirin. The combination of sofosbu-

vir and simeprevir, with (n = 7) or without (n = 18) ribavirin,

was used in 25 patients (21%), while sofosbuvir/ledipasvir, with

(n = 16) or without ribavirin (n = 6), was used in 22 patients

(19%), and sofosbuvir and ribavirin, with (n = 4) or without

PegIFN (n = 4), in eight patients (7%). The remaining patients

underwent treatment with other combinations (simeprevir

and daclatasvir, 3D). Patients with decompensated cirrhosis

were more frequently treated with sofosbuvir and daclatasvir-

based regimens (60%) than patients with HCC (39%) (p = 0.03),

who were more frequently treated with sofosbuvir/ledipasvir-

based regimens (26% vs. 7%, p = 0.01).

Among the 118 patients treated on the waiting list,

intention-to-treat (ITT) SVR at 12 weeks (SVR12) was 91%

(107/118). ITT SVR12 was 95% (71/75) in patients with HCC as

the indication for LT and 84% (36/43) in patients with decom-

pensated cirrhosis (p = 0.05). Ten patients could be delisted

because of improvement to liver function after achieving SVR,

representing 13% of overall patients with decompensated cir-

rhosis and 23% of patients with decompensated cirrhosis that

underwent treatment on the waiting list, in contrast with only

4% of all HCV-infected patients with decompensated cirrhosis

who were delisted because of improvement in the period

2008–2013 (p = 0.02). There were no differences in the propor-

tion of patients with HCC who were withdrawn from the wait-

ing list because of disease progression between the two periods

(p = 0.406).

With respect to the 54 HCV-infected patients who under-

went transplantation and were not treated, 46 (87%) have

undergone antiviral treatment with DAA after transplantation:

22 during the first year, 17 during the second year, and seven

during the third year after LT. In this population, the most fre-

quent DAA combination was sofosbuvir/ledipasvir, which was

used in 19 patients (41%), in seven of them with ribavirin, fol-

lowed by sofosbuvir and daclatasvir (10 patients, 22%) and

sofosbuvir with simeprevir in nine patients (20%, four of them

with ribavirin). Forty-four patients (96%) have achieved SVR12

after LT.

Post-transplant survival analysis

During the study period, 1,114 patients underwent LT, 753 in

the period 2008–2013 and 361 in 2014–2016. Median donor

age was 56 years and median ischaemia time was 384 min.

Ischaemia time significantly increased in the second period,

while there were no statistically significant differences in donor

age between the two periods. In the whole cohort of patients,

post-LT patient survival significantly increased in the second

era (Fig. 3). As shown (Table 2), the variables independently

associated to post-LT survival in the whole cohort were the time

period, HCV serology and donor age. The improvement in sur-

vival was driven solely by anti-HCV positive patients (Fig. 4A),

as there were no differences in survival between the two eras

in anti-HCV negative patients (Fig. 4B). Indeed, when multivari-

ate Cox regression analysis was performed only in anti-HCV

positive patients (Table 2), time period and donor age were

the only variables independently associated with survival. In

contrast, in anti-HCV negative patients, time period was not

associated with survival, neither with univariate nor multivari-

ate analysis (Table 2).

Finally, when we compared post-LT patient survival between

anti-HCV positive and anti-HCV negative patients, we observed

that anti-HCV negative patients had a significantly better sur-

vival after LT (p <0.001) than anti-HCV positive patients in the

period 2008–2013. In contrast, there was no difference in

post-LT survival according to HCV serostatus in the period

2014–2016 (p = 0.645).

Discussion
Despite the high efficacy of DAA therapies in patients with

chronic hepatitis C infection, there are still few data on the clin-

ical effects of these therapies on LT waiting list composition or
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were assessed using the log-rank test. LT, liver transplantation.
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on post-LT survival. In this registry study, we have been able to

show that the introduction of DAA therapies is associated with a

significant improvement in survival of LT recipients. Although a

direct effect of DAA therapy is difficult to demonstrate, we

clearly show that survival improved only in LT recipients with

HCV infection after the introduction of DAA therapies, and the

time period was independently associated with survival in

anti-HCV positive patients. Importantly, this was not the case

in the remaining indications for LT.

Although not unexpected considering the efficacy of these

drugs, our findings suggest for the first time that the main prob-

lem of LT programmes around the world, hepatitis C recurrence,

will no longer impact patient and graft survival. In addition,

these results support and recognise those public health pro-

grammes that have permitted the widespread access to DAA

to hepatitis C patients with advanced liver disease, and encour-

age the policies aimed to expand the access to all patients with

HCV infection.

Our results are in line with a recent report from the UNOS

database that revealed that the risk of post-LT graft failure sig-

nificantly decreased in the 2011–2014 era compared to 2004–

2010.20 However, in that study graft failure decreased not only

in HCV-infected patients, but also in alcohol, HBV, and NASH-

related LT recipients, thus an association with DAA therapies

(which were in fact not widely available in that period, but

rather since 201423) cannot be extracted from such data. In con-

trast, we clearly show that, in our cohort, improvements in post-

LT survival are exclusive to HCV-infected patients since 2014.

We can argue that the improvement in survival in HCV-

infected LT recipients is mainly because of the prevention of

hepatitis C recurrence. Firstly, a large proportion of patients

(53%) received antiviral treatment and achieved SVR while

awaiting transplantation. In addition, an increasing number of

anti-HCV positive patients were admitted to the waiting list

with undetectable HCV RNA, reflecting an increased access to

therapy in patients with cirrhosis or advanced fibrosis. Finally,

the early access to and high efficacy of DAAs after LT also con-

tributed to the improvement in the survival of recipients, as

most patients that underwent LT with detectable HCV RNA

received antiviral therapy early after LT and achieved viral erad-

ication.24 This latter finding is also important from a clinical

point of view, particularly considering the concerns raised on

the efficacy and potential effects of DAAs in patients with

HCC, or those related to the futility of DAA in patients with high

MELD scores, meaning that some patients with detectable HCV

RNA will undergo LT and thus require antiviral therapy after

LT.25,26

Table 2. Uni- and multivariate Cox regression analysis of variables associated with post-LT patient mortality in the whole cohort, anti-HCV positive, and

anti-HCV negative patients.

Whole cohort RR (95% CI) (univariate) p value (univariate) RR (95% CI) (multivariate) p value (multivariate)

Period 2014–16 0.520 (0.345–0.783) 0.002 0.525 (0.349–0.791) 0.002

Anti-HCV positive 1.594 (1.228–2.068) <0.001 1.589 (1.224–2.062) 0.001

Antiviral therapy on the WL 0.630 (0.322–1.230) 0.176

MELD score 1.536 (0.787–2.998) 0.208

Donor >56 years 1.427 (1.096–1.858) 0.008 1.459 (1.120–1.900) 0.005

CIT (minute) 0.999 (0.998–1.001) 0.185

Anti-HCV positive patients

Period 2014–16 0.362 (0.193–0.680) 0.002 0.356 (0.189–0.667) 0.001

Antiviral therapy on the WL 0.464 (0.234–0.917) 0.027

MELD score 0.996 (0.971–1.021) 0.746

Donor >56 years 1.755 (1.225–2.514) 0.002 1.781 (1.243–2.551) 0.002

CIT (minute) 0.999 (0.998–1.001) 0.403

Anti-HCV negative patients

Period 2014–16 0.764 (0.439–1.332) 0.342

MELD score 1.016 (0.987–1.046) 0.289

Donor >56 years 1.128 (0.762–1.671) 0.546

CIT (minute) 0.999 (0.998–1.001) 0.415

CIT, cold ischaemia time; HCV, hepatitis C virus; LT, liver transplantation; MELD, model for end-stage liver disease.
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These data support the results of two recent reports from

large registries that showed that trends in LT waiting list inclu-

sions have significantly changed in the US in the last years, with

a significant decrease in HCV-related decompensated cirrhosis

since the introduction of DAAs, which was accompanied by sig-

nificant increases in wait listings because of HCV-related HCC

and NASH- and alcohol-related indications.16,17 In addition,

similar results have been very recently shown in another Span-

ish study, that did not look at trends in other aetiologies of liver

disease.27 In our cohort, paralleling the decrease in indications

from patients with HCV, NASH-related indications significantly

increased. With respect to alcohol, while a trend towards an

increase in indications was noted, this was not statistically

significant. Remarkably, we noticed a sharp decrease in HCV-

related indications and a similarly abrupt increase in NASH

indications taking place in 2015. We hypothesise that, because

of the efficacy of DAAs, a relevant number of patients with

decompensated HCV-related cirrhosis who achieved SVR were

not listed while awaiting a clinical improvement (which indeed

takes place in a significant proportion of patients). Conversely,

the absence of a definite treatment for NASH, together with a

more accurate diagnosis of the condition in the last few years,

may have contributed to making these patients more prone to

being listed. Importantly, these increases could not overcome

the decrease in wait listings of anti-HCV positive patients, thus

overall inclusions in the waiting list significantly decreased dur-

ing the study period. It is possible that these changes become

even more notable in the next few years, as predictably, the

widespread use of DAAs in patients without advanced fibrosis

will lead to a lower incidence of decompensated cirrhosis and

HCC in this population.28,29 In this setting of such changes in

the composition of the waiting list, we could speculate that

transplant programmes will probably face significant changes

in the indications for LT in the near future, such as expanding

criteria for HCC, acute-on-chronic liver failure or highly selected

patients with acute alcoholic hepatitis.30–34 Nevertheless,

expanding indications will need to be carefully balanced with

the possibility of worsening post-LT outcomes, particularly tak-

ing into account the availability of organ donors.35

Our study has some limitations, particularly those related to

the registry nature of the study. However, unlike other reg-

istries, the fact that only three centres are involved permits a

higher level of granularity of the data, and in fact we have been

able to describe in detail the access to DAA of the cohort. In

addition, the three centres have a considerable transplant and

waiting list activity, thus we had the opportunity to study a

large cohort that includes nearly 1,500 patients admitted to

the waiting list and more than 1,000 transplanted. Furthermore,

HCV infection was defined serologically and not considering

HCV RNA status. However, the proportion of patients in the

waiting list that achieve SVR with IFN-based treatments has

been demonstrated to be very low, and thus its impact in the

improvement of survival or the composition of the waiting list

in the first period seems to be negligible.36,37 Indeed, we had

the opportunity to evaluate HCV RNA status, showing that a vast

majority of patients were HCV RNA positive at waiting list

admission, and very few of those were treated before LT in

the first period. Finally, considering the much higher efficacy

and applicability of new DAAs compared to 1st generation pro-

tease inhibitors (PI), we decided to set the threshold for treat-

ment periods in 2014. This is in contrast with other studies

that also included the period in which 1st generation PI were

available (2011–2013).16 Although a potential impact of the

use of these drugs in the outcomes of patients cannot be fully

discarded, it must be stressed that the use of these regimens

was extremely limited in our cohort, and thus their contribution

in the changes in the waiting list or post-LT survival in our set-

ting seems marginal.

In conclusion, we have demonstrated for the first time that

the availability of DAAs is associated with significant improve-

ments in survival after liver transplantation in HCV-infected

LT candidates. Considering the tremendous impact of HCV

recurrence in the results of LT, it is clear that DAA therapy will

dramatically change the scenario of LT, potentially contributing

to long-term improvements in survival. In addition, DAAs are

associated with a decrease in the indications for LT related to

HCV, which is notably changing the composition of the waiting

list. These changes will enable the expansion of LT for other

indications in the future.
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Portal Pressure and Liver Stiffness
Measurements in the Prediction of Fibrosis
Regression After Sustained Virological
Response in Recurrent Hepatitis C
Ezequiel Mauro,1,2 Gonzalo Crespo,1 Carla Montironi,3 Maria-Carlota Londo~no,4 Virginia Hern�andez-Gea,5 Pablo Ruiz,1

Lydia Sastre,1 Julissa Lombardo,1 Zoe Mari~no ,4 Alba D�ıaz,3 Jordi Colmenero ,1 Antoni Rimola,1 Juan Carlos Garcia-Pag�an,5

Merc�e Brunet,6 Xavier Forns,4 and Miquel Navasa1

Sustained virological response (SVR) improves survival in post-liver transplant (LT) recurrent hepatitis C. However, the impact

of SVR on fibrosis regression is not well defined. In addition, the performance of noninvasive methods to evaluate the presence

of fibrosis and portal hypertension (PH) post-SVR has been scarcely evaluated. We aimed to investigate the degree of fibrosis

regression (decrease �1 METAVIR stage) after-SVR and its associated factors in recurrent hepatitis C, as well as the diagnostic

capacity of noninvasive methods in the assessment of liver fibrosis and PH after viral clearance. We evaluated 112 hepatitis C

virus–infected LT recipients who achieved SVR between 2001 and 2015. A liver biopsy was performed before treatment and 12

months post-SVR. Hepatic venous pressure gradient (HVPG), liver stiffness measurement (LSM), and Enhanced Liver Fibrosis

(ELF) score were also determined at the same time points. Sixty-seven percent of the cohort presented fibrosis regression: 43%

in recipients with cirrhosis and 72%-85% in the remaining stages (P 5 0.002). HVPG, LSM, and ELF significantly decreased

post-SVR. Liver function significantly improved, and survival was significantly better in patients achieving fibrosis regression.

Baseline HVPG and LSM as well as decompensations before therapy were independent predictors of fibrosis regression. One

year post-SVR, LSM had a high diagnostic accuracy to discard the presence of advanced fibrosis (AF) and clinically significant

PH (AUROC, 0.902 and 0.888). Conclusion: In conclusion, SVR post-LT induces fibrosis regression in most patients, leading

to significant clinical benefits. Pretreatment HVPG and LSM are significant determinants of the likelihood of fibrosis regres-

sion. Finally, LSM accurately predicts the presence of AF and PH 1 year after SVR and thus can be used to determine monitor-

ing strategies. (HEPATOLOGY 2018;67:1683-1694).

SEE EDITORIAL ON PAGE 1651

A
ntiviral therapy (AVT) against hepatitis C
virus (HCV) has dramatically changed in the
last few years. The excellent safety profiles

and the high efficacy of the interferon (INF)-free direct-
acting antiviral (DAA) regimens markedly increase the

possibilities of viral eradication even in patients with
severe liver disease or liver transplant (LT) recipients,
representing a radical change compared to the treatment
possibilities available in the INF era.(1-3)

The impact of viral eradication post-LT has been
described in some studies with a limited sample size,
revealing a lower probability of decompensation and

Abbreviations: AF, advanced fibrosis; AUROC, area under the receiver operator characteristic curve; AVT, antiviral therapy; CSPH, clinically sig-

nificant portal hypertension; DAA, direct-acting antivirals; DOR, diagnostic odds ratio; ELF, enhanced liver fibrosis; FCH, fibrosing cholestatic hepati-

tis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HVPG, hepatic venous pressure gradient; INF, interferon; IQR, interquartile range;

LSM, liver stiffness measurement; LT, liver transplant; MELD, Model for End-Stage Liver Disease; NPV, negative predictive value; PH, portal

hypertension; PPV, positive predictive value; Se, sensitivity; Sp, specificity; SVR, sustained virological response; SVR12, HCV-RNA undetectability 12

weeks after completing therapy.

Received June 27, 2017; accepted September 25, 2017.
Additional Supporting Information may be found at onlinelibrary.wiley.com/doi/10.1002/hep.29557/suppinfo.

Supported by the Instituto de Salud Carlos III (PI14/01055 to [M. Navasa and M. Brunet] and PI15/00151 [to X. Forns]), co-funded by the Euro-
pean Regional Development Fund (ERDF), and by the Secretaria d’Universitats i Recerca del Departament d’Economia i Coneixement (grant 2014-
SGR-605). CIBERehd is funded by the Instituto de Salud Carlos III, Ministerio de Ciencia e Innovaci�on, Spain. E. Mauro is supported by a grant

from BEC.AR and P. Ruiz by AGAUR (2014 SGR 708).

1683

HEPATOLOGY, VOL. 67, NO. 5, 2018 VIRAL HEPATITIS

A

HE STUDY OF LIVER D I S E ASEST

MERICAN ASSOCIATION FOR

Do
cu

m
en

t s
ig

na
t d

ig
ita

lm
en

t p
er

: E
ZE

Q
U

IE
L 

M
AU

RO



graft loss as well as the possibility of fibrosis regression
in liver recipients who achieve sustained virological res-
ponse (SVR).(4-8) However, there are no studies
directly aimed at evaluating the probabilities of fibrosis
regression, nor the variables that influence such proba-
bilities. In addition, the screening and follow-up of
patients after SVR in recurrent hepatitis C has not
been defined, because there are scarce data on the per-
formance of noninvasive methods after viral eradica-
tion.(9) This is particularly relevant from a clinical
point of view, because these methods could impact
decision making in a population that, given the efficacy
of DAA post-LT, will be increasing in the next years.

In this context, we aimed to describe the degree of
fibrosis regression post-SVR and its associated baseline
factors in posttransplant hepatitis C, paying particular
attention to patients with graft cirrhosis, as well as to
evaluate the performance of noninvasive methods to
determine the presence of advanced fibrosis (AF) and
clinically significant portal hypertension (CSPH) 1
year post-SVR.

Materials and Methods

PATIENTS

We evaluated all HCV-infected LT recipients
undergoing AVT between 2001 and June 2015 who
achieved viral eradication, defined as HCV-RNA
undetectability 12 weeks after completing therapy
(SVR12). Patients without fibrosis at pretreatment

biopsy as well as those with a biopsy sample size <10
mm and less than six portal tracts either at baseline
assessment or at follow-up (nonevaluable biopsies)
were excluded from the study. In addition, we excluded
patients with fibrosing cholestatic hepatitis (FCH),
considering that the METAVIR classification was not
designed to describe fibrosis in this particular condi-
tion, and thus changes in fibrosis would not be prop-
erly evaluated.

BASELINE ASSESSMENTS

Pretreatment assessment included a liver biopsy and,
since 2007, a liver stiffness measurement (LSM) with
FibroScan (Echosens, Paris, France). In addition, a
fasting serum sample was obtained and kept at –808C
to calculate the Enhanced Liver Fibrosis (ELF) score
(ADVIA Centaur; Siemens Healthcare Diagnostics,
Tarrytown, NY) according to the published algorithm.
Liver biopsies were obtained either percutaneously or
by the transjugular approach, depending on the charac-
teristics and preferences of the patient. In patients
undergoing the latter approach, the hepatic venous
pressure gradient (HVPG) was also measured. Liver
fibrosis was scored according to the METAVIR classi-
fication, and the Laennec staging system was also
applied in patients with cirrhosis. Liver biopsies were
read and staged by two pathologists blinded from
treatment status and biopsy timing. HVPG measure-
ments and transient elastography were performed as
described previously.(10-13)
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POST-SVR ASSESSMENT

Twelve months after SVR12, the same assessments
were repeated. Post-SVR HVPG measurement was
only performed in patients with pretreatment portal
hypertension (PH; HVPG �6 mm Hg), whereas liver
biopsy was only performed if at least portal fibrosis
(F � 1) was present at pretreatment evaluation.

TREATMENT REGIMENS

The INF-based treatment schedules in our Unit
have been described.(4,14) With regard to the INF-free
regimens, we used different regimens according to
the drugs approved in Spain, financial disposal, and
compassive and expanded-access programs.(15,16)

Treatment duration and ribavirin use was at physician
discretion according to the European Association for
the Study of the Liver guidelines.(15)

EVALUATION OF OUTCOMES

1. Changes in fibrosis: the main outcome was the
evaluation of fibrosis regression, according to
changes in histology (METAVIR score) as follows:

- Fibrosis regression: decrease of �1 stage in the
METAVIR score at follow-up biopsy.(17,18)

- Fibrosis stabilization: same METAVIR score in
the post-SVR biopsy with respect to pretreatment
biopsy.

- Fibrosis worsening: increase of �1 stage in the
METAVIR score at follow-up.

2. Changes in elastography: Changes in liver stiff-
ness were evaluated as the percentage of change in
posttreatment assessment with respect to pretreat-
ment evaluation. A reduction in liver stiffness of
at least 30% compared to pretreatment evaluation
was considered clinically significant.(19,20)

3. Changes in HVPG were evaluated as follows:

- HVPG response: reduction of the basal value
�20% in the follow-up evaluation.(21)

4. Changes in ELF: The absolute and percentage
changes in ELF score values were used to evaluate
response.

5. Performance of LSM and ELF in the diagnosis
of advanced fibrosis (F3/F4) and clinically signifi-
cant portal hypertension (CSPH; HVPG �10
mm Hg) 1 year post-SVR.

ETHICAL CONSIDERATIONS

The study was performed in accord with the Decla-
ration of Helsinki and the E6 Good Clinical Practice
Standards ICH. All personal data were codified in
accord with the Organic Law 15/1999 of 13 December
on the Protection of Personal Data in Spain. All the
study data were treated anonymously with restricted
access by only authorized personnel for the purposes of
the study. All patients were properly informed about
the study and provided written consent for inclusion.
The study was approved by the Clinical Research Ethi-
cal Committee of the Hospital Clinic of Barcelona
(Barcelona, Spain).

STATISTICAL ANALYSIS

Median and interquartile range (IQR) were used to
describe quantitative variables, and number of cases
and percentages were used for qualitative variables.
The differences between the qualitative variables were
compared using the chi2-test or Fisher’s exact test or
McNemar’s test when indicated. The qualitative varia-
bles were analyzed by means of a nonparametric test
(Mann-Whitney or Kruskall-Wallis for unpaired sam-
ples, and Wilcoxon for paired samples). Multivariate
analysis was performed to evaluate variables associated
with fibrosis regression, including variables with a P
value �0.1 at univariate analysis as well as those con-
sidered clinically significant. The Kaplan-Meier esti-
mator of the distribution of survival time was used to
calculate patient survival over time. The log-rank test
was used to compare survival distributions. The diag-
nostic accuracy of ELF and elastography to diagnose
the presence of AF (F3/F4) and CSPH was assessed
by calculating the areas under the receiver operator
characteristic curve (AUROC). The best cut-off values
of ELF were determined by optimization of the You-
den index, and sensitivity (Se), specificity (Sp), and
positive and negative predictive values (PPV, NPV)
were calculated from these same data. With regard to
LSM, the best cutoffs to rule out and rule in AF and
CSPH were selected according to the sensitivity and
specificity values, respectively. In addition, previously
described cutoffs for CSPH and AF (compensated
advanced liver disease) were also evaluated.(21-23) Posi-
tive and negative likelihood ratios (LR1, Se/(100-Sp);
LR–, (100-Se)/Sp) were calculated based on the
respective sensitivity and specificity values. The diag-
nostic odds ratio (DOR) was calculated by dividing the
LR1 by the LR–. Comparisons of AUROCs were
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performed according to the DeLong method.(24) All
tests were two-tailed, and a P value below 0.05 was con-
sidered statistically significant. SPSS version 20 (IBM
Statistics, Armonk, NY, USA) was used to perform the
statistical analysis, except for AUROC comparisons,
which were performed with VassarStats(Vassar College,
Poughkeepsie, NY, USA).(25)

Results

PATIENTS

A flow chart of the study is shown in Fig. 1. One
hundred twelve patients who achieved SVR during the
study period and who had pretreatment and 12-month
posttreatment liver biopsies were included in the study.
Among these patients, 52 achieved SVR12 under INF-
based therapies and 60 with INF-free regimens (Table
1). As expected, given the indications and
contraindications of the different schemes and their dif-
ferent efficacy, patients who achieved SVR after

treatment with INF were less frequently patients with
cirrhosis and had a significantly lower HVPG and LSM
as well as a lower Child-Pugh score and lower Laennec
stage than those treated with INF-free regimens (data
not shown). There were no statistically significant differ-
ences between patients included in the study and those
not included because of the absence of follow-up biopsy.

FIBROSIS REGRESSION

Before AVT, F1, F2, F3, and F4 were present in
16%, 28%, 23%, and 33% of the cohort, respectively,
whereas the prevalence of the same stages in the
follow-up assessment was 18%, 21%, 15%, and 20%,
respectively, with 26% of patients presenting F0 at
follow-up (Fig. 2A; P < 0.001). Table 2 shows the
changes in fibrosis according to baseline stage. Sixty-
seven percent of the cohort presented fibrosis regres-
sion, 31% stabilization, and only 2% presented worsen-
ing. The probability of fibrosis regression was
significantly lower in those with baseline graft cirrho-
sis: 43% of patients with graft cirrhosis presented

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 1. Flow chart of the study.

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
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fibrosis regression, whereas the probability of fibrosis
regression in the remaining stages ranged from 72% to
85% (P 5 0.002; Fig. 2B).

CHANGES IN HVPG

Fifty-one patients had paired HVPG measurements
before and after SVR. Baseline fibrosis staging in these

patients was: F4 (n 5 25), F3 (n 5 11), F2 (n 5 10),
and F1 (n 5 5). The median HVPG significantly
decreased from 8.5 (6.5-12.5) to 6.0 (4.0-10.5) mm
Hg (P < 0.001) after SVR, and 66% of patients pre-
sented HVPG response. The baseline HVPG was
significantly lower in patients with fibrosis regression
(n 5 28) than in those without (n 5 23): 7.3 (6-10)
versus 11.5 (8.0-15.5) mm Hg (P < 0.001). Similar to

TABLE 1. Baseline and Follow-up Characteristics of the Cohort (n 5 112)

Baseline Follow-up

Sex (male) 77 (69%) NA

Age (years) 61 (54-67) 63 (55-70)

HCV genotype 1a/1b 10 (9%)/88 (79%) NA

2 1 (1%)

3 4 (3%)

4 9 (8%)

METAVIR stage 0 — 29 (26%)

1 18 (16%) 20 (18%)

2 31 (28%) 24 (21%)

3 26 (23%) 17 (15%)

4 37 (33%) 22 (20%)

METAVIR inflammatory activity A0 — 25 (22%)

A1 28 (25%) 60 (54%)

A2 73 (65%) 23 (21%)

A3 11 (10%) 4 (3%)

Laennec (F4) A 9 (24%) 12 (55%)

B 13 (35%) 8 (36%)

C 15 (41%) 2 (9%)

Biopsy length (mm) 15 (12-19) 14.5 (11-19)

HVPG (mm Hg)

(n 5 77)/(n 5 64)

7.5 (6.0-10.5) 5 (3-10)

HVPG <6 mm Hg 18 (23%) 34 (53%)

6-9.9.0 mm Hg 35 (46%) 13 (20%)

�10 mm Hg 24 (31%) 17 (27%)

Liver stiffness (kPa)

(n 5 85)/(n 5 108)

15.4 (10.1-26.0) 7.6 (6.0-14.2)

ELF (n 5 106)/(n 5 100) 11.4 (10.6-12.6) 10.2 (9.5-11.2)

ALT (UI/L) 93 (52-191) 27 (20-32)

Platelets (10–9/L) 134 (92-162) 149 (108-191)

PT (%) 86 (77-96) 86 (76-95)

Bilirubin (mg/dL) 1 (0.8-1.4) 0.7 (0.5-1.0)

MELD (F4) 10 (9-13) 9 (8-11)

Child Pugh (F4) A 21 (57%) 15 (68%)

B 15 (40%) 7 (32%)

C 1 (3%) —

Liver decompensations (F4) 19 (51%) 2 (5%)

Tac/CyA/others 63 (56%)/26 (23%)/23 (21%) 63 (56%)/26 (23%)/23 (21%)

Antiviral regimen PegINF 1 RBV/TLV/ BOC 39 (35%)/8 (7%) NA

SOF 1 RBV/PegINF 2 (2%)/5 (4%)

DCV 1 SMV 1 RBV 16 (14%)

SOF 1 SMV 1 RBV 4 (3%)

SOF 1 DCV 1 RBV 4 (4%)

SOF 1 LDV/RBV 9 (8%)/20 (18%)

3D/RBV 1 (1%)/4 (4%)

Abbreviations: PT, prothrombin time; Tac, tacrolimus; CyA, cyclosporine; PegINF, pegylated interferon; RBV, ribavirin; BOC, boce-
previr; TLV, telaprevir; SOF, sofosbuvir; DCV, daclatasvir; SMV, simeprevir; LDV, ledipasvir; 3D, ombitasvir, paritaprevir, ritonavir,
and dasabuvir; NA, not applicable.
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the results reported by Mandorfer et al. in immuno-
competent patients, median decrease in HVPG was
31% (range, 17-51).(26) The highest decrease was
observed in patients with mild PH at baseline (6.0-9.9
mm Hg): 42% (range, 20-58). However, even in
patients with severe PH (HVPG �16 mm Hg), the
decrease in HVPG was significant: 26% (range, 2-37),
although it must be stressed that only 6 patients had a
baseline HVPG �16 mm Hg.

In the subgroup of patients with F4 and paired
HVPG (n 5 25), the HVPG decreased from 12 (7.5-
16.0) to 8.5 (6-11) mm Hg (P < 0.001), and HVPG
response was present in 64%. Baseline HVPG was sig-
nificantly lower in patients with cirrhosis regression (n
5 9; 7.5 [6.25-13.00] mm Hg) than in those who did
not achieve cirrhosis regression (n 5 16; 14 [11.5-16-
7] mm Hg; P 5 0.004).

CHANGES IN LIVER STIFFNESS

Eighty-four patients had paired LSM before and
after SVR. Median stiffness decreased from 15.7

(10.1-26.0) to 8.2 (6.2-14.5) kPa (P < 0.001) after
SVR, and 67% of the cohort presented elastographic
response. Baseline liver stiffness was significantly lower
in patients with fibrosis regression (n 5 53; 12.6 [9.1-
20.7] kPa) than in those who did not achieve fibrosis
regression (n 5 31; 26 [13.0-32.5] kPa; P < 0.001).

We also evaluated the dynamic changes in LSM
and their association with fibrosis regression. Median
LSM decrease in patients with fibrosis regression was
47% (range, 30-61), being 30% (range, 18-47) in
patients without regression (P 5 0.02). The AUROC
of the % decrease in LSM to predict fibrosis regression
was 0.653 (0.545-0.772). A decrease of 50% in base-
line LSM obtained a PPV of 78% to predict fibrosis
regression, with an NPV of 44%, and could correctly
classify 55% of patients.

In patients with cirrhosis (n 5 34), LSM decreased
from 25.3 (16.5-32.8) to 14.5 (9.9-22.1) kPa (P <

0.001), with 62% of patients with cirrhosis presenting
elastographic response. The baseline differences in
LSM between patients with cirrhosis with (n 5 14)
and without fibrosis regression (n 5 20) were also sta-
tistically significant: 17.1 (13.0-21.6) versus 26.6 kPa
(25.3-35.6; P 5 0.003), respectively.

CHANGES IN ELF SCORE

Ninety-six patients had paired ELF measurements
before and after SVR. Median ELF score significantly
decreased from 11.5 (10.6-12.8) to 10.2 (9.5-11.2;
P < 0.001) after SVR, and the median percentage of

TABLE 2. Fibrosis Changes According to Baseline Fibrosis
Stage

Follow-up METAVIR Stage

F0 F1 F2 F3 F4 Total

Baseline

METAVIR

stage

F1 13 4 1 0 0 18

F2 12 12 6 0 1 31

F3 4 3 15 4 0 26

F4 0 1 2 13 21 37

Total 29 20 24 17 22 112
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FIG. 2. Proportion of patients in each METAVIR fibrosis stage at baseline and at 12 months after SVR follow-up (A). Proportion
of patients with fibrosis regression and nonregression according to baseline METAVIR stage (B).
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decline was 10.8% (4.5-16.2). We did not find a sig-
nificant association between the baseline ELF score
and fibrosis regression.

In the subgroup of patients with graft cirrhosis and
paired ELF (n 5 34), the ELF score decreased from
12.3 (11.2-13.2) to 11.1 (10.4-12.2; P < 0.001), and
the median percentage of decline was 7.8% (3.1-13.2).
Baseline ELF was not associated with cirrhosis
regression.

CLINICAL OUTCOMES

Fifty-one percent of patients with cirrhosis under-
went treatment after clinical decompensation, whereas
the proportion of baseline patients with cirrhosis pre-
senting decompensation at follow-up was 5% (P <

0.001). Similarly, Child-Pugh score decreased from 6
(5-7) to 5 (5-7; P 5 0.015) points, and Model for
End-Stage Liver Disease (MELD) score fell from 10
(9-13) to 9 (8-11; P 5 0.035). A trend toward a better
survival was observed in patients with cirrhosis with
regression of fibrosis compared with patients with
cirrhosis who remained with cirrhosis after SVR
(Supporting Fig. S1A), probably attributed to the short
follow-up (most patients with cirrhosis achieved SVR
when treated in the DAA era) and the low number of
events (P 5 0.19). Indeed, on evaluating survival in
the whole cohort, patients with fibrosis regression had
a significantly better survival than those in whom fibro-
sis did not regress despite SVR (Supporting Fig. S1B).
Four of the 75 (5%) patients with fibrosis regression
died during follow-up: 2 because of cardiovascular

disease, one in the setting of chronic rejection and
another in the setting of idiopathic PH. In contrast, 5
of 37 (13%) patients without regression died: 1 because
of hepatocellular carcinoma (HCC) recurrence and 4
because of complications of cirrhosis. Two patients
were considered for liver retransplantation, but because
of clinical improvement neither was finally included on
the waiting list.

VARIABLES ASSOCIATED

WITH FIBROSIS REGRESSION

The baseline variables inversely associated with
fibrosis regression in the whole population at univariate
analysis were the presence of cirrhosis, the HVPG,
liver stiffness, hepatic decompensations, and the time
between transplant and effective AVT (Table 3). In
addition, the type of treatment was also associated
with fibrosis regression. However, on multivariate
analysis, the only independent variable associated with
fibrosis regression was the baseline HVPG, either as a
continuous variable or categorized as the presence or
absence of CSPH. Taking into account that the
HVPG was not determined in a proportion of patients
and also that measurement of the HVPG is an invasive
procedure not available in all centers, we performed
the multivariate analysis excluding this variable. In this
case, a LSM <21 kPa (the cutoff commonly accepted
to predict CSPH)(27) and the absence of decompensa-
tions before therapy were identified as independent
predictors of fibrosis regression. In the subpopulation
of patients with cirrhosis, the baseline variables

TABLE 3. Univariate and Multivariate Analysis of Baseline Factors Associated With Fibrosis Regression in the Whole Cohort

Nonregression (n 5 37) Regression (n 5 75)
n (row%) /
Median (IQR)

n (row%) /
Median (IQR)

P
Uni

Multivariate
OR (CI 95%)

P
Multi

Donor age (years) 52 (42-69) 48 (31-61) 0.255

Donor age �50 17 (29%) 41 (71%) 0.544

Donor sex (male) 24 (37%) 40 (63%) 0.221

Type of treatment (PegINF based) 40 (77%) 12 (23%) 0.043

Significant fibrosis 1 year after LT 17 (33%) 34 (67%) 0.951

Cirrhosis 21 (57%) 16 (43%) <0.001

HVPG before AVT (mm Hg) 12 (8-16) 6 (5-8) <0.001

HVPG <10 mm Hg 10 (19%) 43 (81%) <0.001 4.11 (1.1-15.4) 0.036

LSM before AVT (kPa) 25.7 (14.00-29.75) 12.6 (9.4-20.4) <0.001

LSM <21 kPa 12 (23%) 40 (77%) 0.001

ELF before AVT 11.5 (10.7-12.8) 11.3 (10.5-12.5) 0.386

Previous decompensation 14 (74%) 5 (26%) <0.001

LT—AVT (months) 63 (35-119) 28 (16-62) 0.001

Multivariate analysis was performed twice, including either HVPG as a continuous variable or categorized as �/<10 mm Hg; the lat-
ter is shown in the table.
Abbreviations: PegINF, pegylated interferon; OR, odds ratio; CI, confidence interval.
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inversely associated with fibrosis regression at univari-
ate analysis were the Child-Pugh score, Laennec classi-
fication, the HVPG, liver stiffness, and the presence of
hepatic decompensations before AVT. Considering
the low number of events (16 patients with cirrhosis
with regression), a multivariate analysis was not per-
formed in this subpopulation. Nevertheless, Laennec
stage, an HVPG <10 mm Hg, and an LSM cutoff of
21 kPa accurately predicted the possibility of regression
of cirrhosis (Fig. 3).

ACCURACY OF NONINVASIVE

METHODS AFTER SVR

The characteristics of the cohort 12 months after
SVR are shown in Table 1. The distribution of LSM
and ELF values according to each METAVIR stage is
shown in Supporting Fig. S2, whereas the correlation
between HVPG and either LSM or ELF is shown in
Supporting Fig. S3. LSM was highly accurate to diag-
nose and discard the presence of AF 1 year after SVR,
with an AUROC of 0.902 that was significantly higher
than that of ELF (Fig. 4). The best LSM cutoffs to
rule out and rule in AF were, respectively, 10.6 and 14
kPa. The performance of these cutoffs was similar to
the thresholds recommended by Baveno statements
(10 and 15 kPa; Table 4). In the diagnosis of CSPH,
both noninvasive methods were highly accurate: The
AUROC of LSM and ELF were 0.888 and 0.884 (P
5 0.959), respectively. For LSM, a cutoff of 11.3 kPa
was highly accurate to rule out the presence of CSPH,
whereas a cutoff of 23 kPa could confidently rule in
the presence of CSPH. Again, the performance of
these thresholds was similar to that of the cutoffs com-
monly used in clinical practice (13.6 and 21 kPa).

Discussion
We evaluated the impact of viral eradication on

fibrosis regression 12 months after SVR in a large,
single-center cohort of LT recipients with recurrent
hepatitis C, and found that fibrosis regression takes
place in the majority of patients. Importantly, fibrosis
regression was also observed in patients with cirrhosis

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

FIG. 3. Proportion of patients with cirrhosis regression accord-
ing to the presence or absence of an HVPG �10 mm Hg, an
LSM �21 kPa, and the baseline Laennec stage.
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FIG. 4. AUROCs of LSM and ELF in the diagnosis of AF (A) and CSPH (B).
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after SVR, although with a lower frequency when
compared with recipients without cirrhosis. Fibrosis
regression is further accompanied by a decrease in por-
tal pressure, liver stiffness, and the ELF score as a bio-
marker of fibrogenesis. In addition, our results show
that pretreatment variables, particularly an HVPG
�10 mm Hg and LSM �21 kPa as well as liver
decompensations before treatment, can identify
patients with a lower likelihood of fibrosis regression.
Finally, we show that 1 year after SVR, LSM is partic-
ularly useful to assess advanced graft disease, because it
can confidently discard and diagnose the presence of
AF and CSPH. This latter finding is particularly
important from a clinical point of view, given that it
can have a potential impact in the follow-up strategies
after SVR.

In the setting of recurrent hepatitis C, the evidence
of the histological and hemodynamic impact of SVR is
limited and comes from small studies in the INF
era.(4,14,28) Very recently, a study with noninvasive
methods in a population of 126 HCV-infected recipi-
ents treated with sofosbuvir-based therapies reported
an improvement in the estimation of fibrosis with
FibroScan, Fibrosis-4, and aspartate aminotransferase-
to-platelet ratio index in approximately half of the
patients with baseline AF; however, paired biopsies
were not performed in this study.(29)

Our results show that LT recipients with cirrhosis,
half of whom were decompensated, still have a 40%
probability of histologically defined fibrosis regression 1
year after SVR. However, the more advanced the dis-
ease, the lower the possibility of fibrosis regression, and

this was demonstrated in several ways: Previous decom-
pensations, baseline HVPG, and baseline LSM were
inversely associated with fibrosis regression. In addition,
the Child-Pugh classification and the Laennec stage
were also inversely associated with fibrosis regression on
univariate analysis in the subpopulation of patients with
cirrhosis. Indeed, the presence of thick fibrous septa in
patients with cirrhosis may be indicative of a point of no
return, where even in the absence of a trigger (HCV),
collagen resorption is slower or even absent. When all
the variables were introduced in a multivariate model,
the baseline HVPG was the only independent predictor
of absence of fibrosis regression in the whole population,
whereas LSM and decompensations were independent
inverse predictors of regression if HVPG was excluded
from the model. Although the type of treatment (INF
vs. INF-free) was associated with fibrosis regression at
univariate analysis, this association was no longer signif-
icant in the multivariate analysis, because the baseline
indicators of advanced disease were different in the two
populations.

As an invasive estimate of portal pressure, the HVPG
is the most accurate determinant of prognosis in chronic
liver disease,(30) and, according to our results, it is also
the most powerful predictor of fibrosis regression.
Indeed, recipients with cirrhosis and CSPH only had an
18% probability of cirrhosis regression as compared
with the remaining population of patients with cirrhosis,
whose possibilities of cirrhosis regression were as high
as 70%, similar to the population of patients without
cirrhosis. This paralleled the probabilities of cirrhosis
regression according to Laennec staging, ranging from

TABLE 4. Diagnostic Performance of LSM and ELF for the Diagnosis of CSPH and AF

Cutoff for CSPH Se (%) Sp (%) PPV (%) NPV (%) LR1 LR– DOR AUROC CC P Value

LSM 11.3 kPa 93.8 75.6 57.7 97.1 3.84 0.08 46.4 0.888 (0.799-0.977) 80.3%

23 kPa 37.5 97.8 85.7 81.5 16.88 0.64 26.40 82%

13.6 kPa 75 84.4 63.2 90.5 4.82 0.30 16.29 82%

21 kPa 43.8 93.3 70 82.4 6.56 0.60 10.89 80.3%

ELF 10.83 88.2 83.3 68.2 94.6 5.29 0.14 37.5 0.884 (0.788-0.979) 84.7% 0.959

Cutoff for F3/F4

LSM 10.6 kPa 82.1 88.4 80 89.7 7.08 0.20 34.86 0.902 (0.842-0.963) 86.1%

14 kPa 64.1 97.1 92.6 82.7 22.12 0.37 59.82 85.2%

10 kPa 84.6 84.1 75 90.6 5.31 0.18 29 84.3%

15 kPa 46.2 97.1 90 76.1 15.9 0.55 28.71 78.7%

ELF 10.25 73.7 69.4 59.6 81.1 2.40 0.38 6.34 0.764 (0.667-0.860) 71% 0.002

With respect to the accuracy of LSM to diagnose CSPH, we describe our cohort-derived best cutoffs (11.3 and 23 kPa), and the
commonly used thresholds to rule out and rule in CSPH (13.6 and 21 kPa). To describe the accuracy of LSM in the diagnosis of
AF, the best cutoffs derived from our cohort (10.6 and 14 kPa), as well as the thresholds recommended in Baveno VI Consensus
statements for F3/F4 (10 and 15 kPa) are shown. For ELF, the best single cutoff according to the Youden index is shown.
P value refers to the comparison of ELF versus LSM.
Abbreviations: LR1, positive likelihood ratio; LR–, negative likelihood ratio; CC, % of correctly classified patients.
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0% in Laennec C to 78% in Laennec A. Not less
importantly, and considering that HVPG measurement
is an invasive procedure not available in all centers, we
found that easy, noninvasive methods such as LSM are
also useful to estimate the probability of cirrhosis regres-
sion in the LT setting. Thus, pretreatment evaluation
with LSM seems to be useful not only to accurately
diagnose the presence of PH or the fibrosis stage, but
also to predict the possibilities of histological improve-
ment posttherapy.

In contrast with the setting of active hepatitis C
either in immunocompetent patients or transplant
recipients, in whom the accuracy of LSM has been
widely validated,(31,32) the use of noninvasive methods
to screen the presence of cirrhosis, PH, or AF after
SVR is currently not recommended because the data
available to date are scarce.(20,33) Considering this, we
evaluated the performance of LSM and ELF after
SVR, and showed that LSM is able to accurately dis-
card and diagnose the presence of advanced graft fibro-
sis and CSPH, whereas ELF also proved useful to rule
out the presence of CSPH. In this regard, the best cut-
off values of LSM to rule in or rule out the presence of
CSPH or AF after SVR need to be further evaluated.
However, the diagnostic performance of the best cut-
offs derived in our population seemed to be equivalent
to that of the commonly used cutoffs in HCV patients.
Indeed, these thresholds were also very similar to the
values reported in the only study to date that has pro-
posed cut-off values of LSM for CSPH after SVR,
although that study included immunocompetent
patients with cirrhosis evaluated at different time
points after SVR.(26) In fact, although the study by
Mandorfer et al. also suggested a role of LSM to evalu-
ate the presence of PH after SVR in immunocompe-
tent patients, our results are in contrast with recent
data that showed that LSM after viral eradication was
not as accurate to exclude CSPH.(34) This may reflect
the differences in liver fibrogenic responses between
the two populations: the speed of fibrosis deposition
and probably regression are faster in liver transplant
recipients, and the presence of sinusoidal fibrosis, that
is much more common in LT recipients. Indeed, LSM
may better mirror fibrosis regression in the latter popu-
lation. Our results may have a clear clinical implication
given that they may help to define the prognosis of
patients, including the determination of those patients
who should be monitored for complications of PH.(9)

Although the clinical impact of our results will be
driven by demonstrating, in longer follow-up studies,
that the use of noninvasive methods after SVR

contributes to confidently exclude future variceal
bleeding, clinical decompensation, or development of
HCC, our results support the use of noninvasive meth-
ods 12 months after SVR in recurrent hepatitis C to
confidently assess the graft condition, attending the
significant association between such methods and the
histological and hemodynamic evaluation of the graft.
Nevertheless, it is clear that studies with larger sample
sizes and longer follow-up are necessary to establish
the role of noninvasive methods in the follow-up of
LT recipients after viral clerarance. In addition, the
possibility of further improvements in fibrosis and por-
tal pressure in the long term after SVR and their
potential implications in the accuracy of noninvasive
methods should also be investigated.

Interestingly, although necroinflammatory stage
improved in 63% of patients, a significant proportion
of patients remained with persistent necroinflamma-
tion in the follow-up biopsy despite SVR (Table 1),
not being associated with fibrosis regression or persis-
tence of PH. This fact has already been reported in
this and other settings and is difficult to explain.(35-37)

In addition, the consequences of persistent necroin-
flammation are unknown. In the context of recurrent
hepatitis C, occult hepatitis C infection despite SVR
has been linked to increases in transaminases and fea-
tures of chronic hepatitis in liver histology,(38) and the
persistent necroinflammation in HCV-negative LT
recipients may also be associated with immunological
phenomena, mainly described in the INF era.(39) The
investigation of the pathogenesis and clinical conse-
quences of persistent necroinflammation despite SVR
in recurrent hepatitis C could be the focus of further,
directly aimed studies.

Recent international guidelines recommend investi-
gating the impact of viral eradication with DAA on
clinical outcomes, particularly in patients with decom-
pensated disease.(40-42) In this regard, our results con-
firm the improvements in clinical status and liver
function parameters accompanying viral eradication
post-LT described in other studies.(6-8,43) Although
these improvements are mild in terms of prognostic
scores, they result in a clear benefit in terms of clinical
decompensations, and indeed no patient in this cohort
required retransplantation. Furthermore, we showed
that fibrosis regression is responsible for a significant
survival benefit attributed to a decrease in liver-related
deaths. These results are in line with those reported by
Dhanasekaran et al., who, in a cohort of LT recipients
treated in the INF era, showed that progression of
fibrosis is associated with a worse survival,
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independently of the achievement of SVR.(44) Never-
theless, considering that half of the cohort achieved
SVR with the new DAAs and thus the follow-up was
relatively short, a longer follow-up of these patients is
still mandatory to confirm the benefit in survival
obtained by patients achieving fibrosis regression.

The main limitation of our study is the use of liver
biopsies and semiquantitative methods to define fibro-
sis regression, which do not allow the exclusion of
sampling bias and intra- and interobserver discordan-
ces. Furthermore, the exclusion of patients without
fibrosis or PH at baseline does not exclude the possi-
bility of disease progression and thus does not permit
us to provide the complete picture, although it must be
stressed that fibrosis worsening only took place in 2%
of our patients. In contrast, we characterized fibrosis
regression in several different ways, allowing not only
to show a clear correlation between the different meth-
ods, but also to comprehensively describe the process
of changes in portal pressure, liver stiffness, and bio-
markers of fibrogenesis in this setting. In addition, the
currently accepted gold standard for evaluating regres-
sion is still the decrease of at least one stage of fibrosis
in semiquantitative scores.(17) Another limitation of
the study is that we performed the assessment of
regression and the accuracy of noninvasive methods at
a single time point.(45) Further longitudinal studies
should be performed, given that fibrosis regression
may continue over time, as shown in chronic hepatitis
B.(46) On the other hand, the fact that we evaluated a
large cohort of recipients, at the same time point and
using several methods, clearly strengthens our results.
Finally, the large time period of inclusion and the use
of different antiviral regimens, including INF-based
and some DAA combinations that are no longer used
presently, may also limit our results. However, it
should be stressed that the evaluation of fibrosis regres-
sion was uniform in the cohort and particularly that,
although on univariate analysis the type of treatment
(INF vs. DAAs) was associated with fibrosis regres-
sion, multivariate analysis demonstrated that the type
of treatment was a confounder attributed to the differ-
ent characteristics in terms of disease severity.

In conclusion, we have shown that fibrosis regres-
sion is frequent in recurrent hepatitis C 1 year after
achieving viral eradication, even in patients with
decompensated disease, results in significant clinical
benefits, and can be anticipated using the HVPG or
LSM. In addition, our results suggest that post-SVR
LSM may play a significant role in the monitoring and
follow-up of LT recipients.
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Viral Eradication and Fibrosis Resolution
in Post–Liver Transplant Cholestatic
Hepatitis C Virus

TO THE EDITOR:

Cholestatic hepatitis (CH) is an extremely severe form
of recurrent hepatitis C virus (HCV) after liver trans-
plantation (LT) that is characterized by the rapid and
early development of cholestasis and portal hyperten-
sion. Its spontaneous prognosis is extremely poor
because it leads to graft failure and patient death in
most cases if viral eradication is not achieved.(1)

Although the prognoses of patients improve signifi-
cantly after viral clearance,(2-5) there is not information
about how the rapid development of fibrosis in these
patients responds to viral eradication.

Patients and Methods
PATIENTS

As described previously, we performed a cohort study
in which we included all patients with recurrent HCV
after LT who achieved sustained virological response
(SVR) between 2001 and 2015 in our center, and who
had paired liver biopsies before antiviral therapy and
12 months after SVR.(6) In the previous report, pa-
tients with CH were excluded. This particular popula-
tion is the focus of the present report.

HISTOLOGICAL EVALUATION

A liver biopsy was performed before antiviral therapy
and 12 months after SVR. CH was defined according
to the modification of the International Liver Trans-
plantation Society criteria proposed by Verna et al.(1)

Post-SVR biopsies were staged and graded with
the METAVIR classification. Patients with a biopsy
sample size <10 mm and/or <6 portal tracts were
excluded.

OTHER ASSESSMENTS

For patients in whom liver biopsies were obtained by a
transjugular approach, a hepatic venous pressure gradi-
ent (HVPG) measurement was also obtained. In addi-
tion, since 2007, a liver stiffness measurement (LSM)
with FibroScan (Echosens, France) is performed
before antiviral therapy and 12 months after SVR.
Finally, a fasting serum sample was obtained before
treatment and 12 months after SVR and was kept at
–808C to calculate the enhanced liver fibrosis (ELF)
score (ADVIA Centaur, Siemens Healthcare Diag-
nostics, Tarrytown, NY).

ANTIVIRAL THERAPY

Between 2001 and 2013, patients underwent antiviral
therapy with pegylated interferon (PEG-IFN) and
ribavirin (RBV). Since 2014, antiviral therapy has been

Abbreviations: AST, aspartate aminotransferase; CH, cholestatic hep-

atitis; DAA, direct-acting antiviral; DCV, daclatasvir; ELF,

enhanced liver fibrosis; GGT, gamma glutamyltransferase; HCV,

hepatitis C virus; HVPG, hepatic venous pressure gradient; LSM,

liver stiffness measurement; LT, liver transplantation; PEG-IFN,

pegylated interferon; RBV, ribavirin; SIM, simeprevir; SOF, sofos-

buvir; SVR, sustained virological response; TB, total bilirubin.
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based in direct-acting antiviral (DAA) regimens. The
regimens used differed according to the drugs
approved in Spain, financial disposal, and compassion-
ate and expanded-access programs. Treatment dura-
tion and RBV use was at the physician’s discretion
according to the European Association for the Study
of the Liver guidelines when available.

Results
PATIENTS

Thirteen patients with a confirmed diagnosis of CH
who achieved SVR and with paired liver biopsies were
considered. One patient was excluded due to a biopsy
<10 mm, and thus, 12 patients were included. Among
them, 8 achieved SVR with IFN-based regimens
between 2001 and 2013 (1 with sofosbuvir [SOF]) and
4 with DAA-based regimens between 2014 and 2015.
Table 1 shows the characteristics of the patients at
baseline and at follow-up. To put these figures into
perspective, during the study period 38 patients met
the definition of CH and underwent antiviral treat-
ment, with 17 (45%) achieving SVR. Four patients
were not considered for this study for absence of
follow-up biopsy.

HISTOLOGICAL OUTCOMES

All patients presented sinusoidal or pericellular fibrosis
in baseline biopsy. The post-SVR follow-up biopsy
showed the absence of fibrosis in 5 (42%) patients, F1
in 4 (33%), F2 in 1 (8%), and cirrhosis in the remain-
ing 2 (17%) patients. Necroinflammatory grade at
follow-up was A0 in 2 (17%) patients, A1 in 9 (75%)
patients, and A2 in 1 (8%) patient. No patient pre-
sented with cholestasis or hepatocyte ballooning. Fig-
ure 1 illustrates representative biopsy samples of the
same patient before treatment (Fig. 1A) and 12
months after SVR (Fig. 1B).

HEMODYNAMIC ASSESSMENT

Nine (75%) patients had paired HVPG measurements
before and after SVR. The median HVPG decreased
from 8 (5-11.5) mm Hg at baseline to 4 (2-9.5) mm
Hg 12 months after SVR (P 5 0.17). A total of 44%
of patients presented with HVPG � 10 mm Hg before
antiviral therapy and 22% at follow-up (P 5 0.17).
Individual changes in HVPG are depicted in Fig. 2A.
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LIVER STIFFNESS CHANGES

Nine (75%) patients had paired LSM before and after
SVR. Median LSM changed from 19.4 (13.5-33.5)
kPa at baseline to 5.3 (4.8-7.4) kPa at follow-up (P 5

0.09). Figure 2B shows individual changes in LSM.

ELF SCORE

Eleven (92%) patients had paired ELF measurements
before and after SVR. The median ELF score changed

from 13.5 (12.3-14.4) at baseline to 9.7 (9.3-11.2) at
follow-up (P 5 0.003). Figure 2C shows individual
changes in ELF score.

CLINICAL OUTCOMES

At treatment, 50% of patients were decompensated.
When evaluated at follow-up, only 1 (8%) patient
remained decompensated. Individual changes in biliru-
bin are shown in Fig. 2D. After a median follow-up of
16 (8-27) months, 92% of the patients remain alive,
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FIG. 1. Histological evaluation of pre-
treatment and posttreatment liver biopsies
of the same patient. (A) Pretreatment
biopsy (1003): the Masson’s trichrome
stain shows marked pericellular fibrosis.
(B) Posttreatment biopsy (1003): show-
ing mild expansion of portal tracts on the
Masson’s trichrome stain but no pericellu-
lar fibrosis.
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FIG. 2. Individual changes in (A) HVPG, (B) LSM, (C) ELF score, and (D) total bilirubin before and after SVR.
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and no patient has undergone retransplantation. One
patient died during follow-up due to complications of
cirrhosis while awaiting a second graft.

Discussion
CH is the most dreaded form of HCV recurrence after
LT. In a recent review, 16/17 patients diagnosed with
this type of recurrence died or underwent retransplan-
tation at a mean time of 8 months since diagnosis.(2)

In contrast, the outcomes of patients with CH who
were able to eradicate infection are clearly improved.
Leroy et al. described 23 LT recipients with CH who
underwent antiviral therapy with SOF and RBV or
SOF and daclatasvir (DCV).(3) SVR was 96%, and not
less importantly, there were no deaths or graft losses
during the study period with most patients presenting
a dramatic improvement in liver function and in clini-
cal decompensations. Similarly, in a multicenter study
in which only 10 patients met the definition for CH
and were treated with the combination of SOF and
RBV (with or without PEG-IFN), 8/10 patients
achieved SVR at 12 weeks, and all of them were alive
after completing follow-up (2 retransplanted).(4) Simi-
lar results have been recently shown by a multicenter
Italian study that included 21 patients with CH.(5) It is
important to highlight that the effect of viral eradica-
tion on liver histology, portal pressure, liver stiffness,
or fibrosis biomarkers has been scarcely described.

Our data confirm the significant improvements
shown by these studies and indeed go further because
we have been able to show that viral eradication is
accompanied by complete resolution of fibrosis in 42%
of the patients. In fact, in only 17% of patients, the
extremely rapid fibrotic process typical of this condition
had a potentially significant impact, as 2/12 patients
developed early cirrhosis despite viral eradication. One
of the 2 patients with cirrhosis died due to complica-
tions of cirrhosis, while the other remains compensated.
These marked histological improvements are accompa-
nied by a decrease in HVPG and LSM, which were
probably not statistically significant due to the sample
size, whereas the changes in the ELF score were statisti-
cally significant. All these improvements merge together
to finally result in a significant clinical benefit, with less
progression to end-stage graft disease, higher patient
and graft survival, and thus decreased organ utilization
for retransplantation.

Studies like this may seem out-of-time, considering
the high efficacy of antiviral therapy in patients

awaiting LT. However, despite the efficacy and safety
of DAAs in patients with cirrhosis, there are still a
number of concerns regarding antiviral treatment in
LT candidates. Due to these concerns, a proportion of
wait-listed patients will still undergo LT with detect-
able serum HCV, and thus under the risk of develop-
ing CH. In addition, given the availability of DAAs, it
is even more important to diagnose CH early because
we now have a higher chance of SVR than in the inter-
feron era. The opportunity to make a difference in
clinical outcomes is thus now within our reach,
whereas previously, even with timely diagnosis and
treatment, prognosis was dismal.

A significant limitation of our study is the sample
size. However, CH is an infrequent type of recurrence,
and thus, all studies in this setting present this limita-
tion. In fact, most manuscripts regarding CH are case
reports or short series, and even in the case of multi-
center studies, sample sizes are limited.

In conclusion, we show that viral eradication in
patients with CH not only leads to improved clinical
outcomes, but it also permits significant improvements
in liver histology, including the absence of fibrosis in
nearly half of the patients.
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