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ABSTRACT

The optimal timing to treat recurrent hepatitis-C virus (HCV) after liver transplantation (LT) remains uncer-
tain. We compared the outcome of early (acute phase) and deferred (chronic phase) antiviral treatment
for recurrent HCV infection in this population. Consecutive HCV genotype-1 infected LT patients receiving
antiviral therapy between 2001-2010 were retrospectively classified according to histology at treatment
start into the early or deferred treatment group. Measured endpoints included sustained virological res-
ponse (SVR) rates and long-term survival. The study cohort comprised 105 patients: 60 (57%) received early
treatment (ET) and 45 (43%) deferred treatment (DT). The median interval from LT to antiviral start was 3
(1-9) and 18 months (11-74) in ET and DT respectively. The SVR rate was similar in both treatment groups
(23% ET and 36% DT; p = 0.27). After a median follow-up of 5.8 years, all-cause and liver-related mortality
were similar in both groups. Variables independently associated with mortality included pre-treatment bili-
rubin > 2 mg/dL (HR 6.1, 95%CI: 2.8-13.7; p < 0.001), donor age > 60 (HR 3.1, 95%CI: 1.4-6.7; p = 0.01), and
failure to achieve SVR (HR 10.3, 95%CI: 1.3-18.3; p = 0.03). In conclusion, early treatment of recurrent HCV
is safe, but does not lead to higher SVR rates. In HCV-infected LT recipients, elevated bilirubin, older
donor age, and failure to achieve SVR are independently associated with increased mortality.
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ORIGINAL ARTICLE

INTRODUCTION

Cirrhosis secondary to hepatitis C virus (HCV)

infection has become the most common indication

for liver transplantation (LT). However, graft rein-

fection is almost universal,1,2 progression to cirrho-

sis occurs in 10% to 30% of patients 5 to 7 years

following the procedure, and there is a high risk of

clinical decompensation with poor survival.3-7 Ma-

nagement of recurrent HCV infection after LT has

significantly improved during the past decade.

Combined treatment with pegylated interferon (Peg-IFN)

and ribavirin leads to sustained viral response (SVR)

in 30 to 50% of patients.8-13 The optimal time to

begin antiviral therapy (AVT) after LT is uncertain.

The indication for treatment is usually established

based on the fibrosis stage at one year.10,14 Few stu-

dies have evaluated the utility of treatment during

the acute phase of recurrent HCV. Although this

strategy has proven safe,15 reported SVR rates vary

considerably from 19 to 35%.15,16

This retrospective study was conducted to com-

pare the efficacy, safety, and long-term outcome

associated with AVT given during the acute phase of

recurrent HCV infection (early treatment) with that

of AVT administered during established chronic

hepatitis C (deferred treatment).

MATERIAL AND METHODS

The Strengthening the Report of Observational

Studies recommendations for reporting observational

Studies17 were applied for the manuscript design.

© 2019, Fundación Clínica Médica Sur, A.C. Published by Elsevier España S.L.U. This is an open access article under the CC BY-NC-ND 
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The study was approved by the Ethics Committee of

our institution and all patients gave written infor-

med consent.

Cohort recruitment and

data collection

We reviewed the medical records of all consecu-

tive adult HCV-infected patients who had under-

gone LT at Hospital Universitari Vall d’Hebrón, a

third-level teaching hospital in Barcelona (Spain),

between 2001 and 2010. The patient data was

retrieved from a regularly updated database desig-

ned to assess the long-term outcome of LT. For

each patient, the demographic, clinical, and

analytical data at baseline, and the follow-up

data during and after treatment were recorded by

the attending physicians at each outpatient visit.

These prospectively collected data were retrospec-

tively analyzed.

Study design

This is a retrospective, observational study of

prospectively monitored patients receiving AVT for

recurrent HCV following LT. The primary endpoint

of the analysis was SVR. Secondary endpoints

included safety and tolerability of AVT and long-

term survival.

Antiviral treatment criteria

The diagnosis of HCV recurrence was established

on persistent ALT elevation, histological features

and detectable HCV-RNA.

� Early treatment group. Between April 2001

and October 2002, all LT patients with acute,

recurrent HCV were given prompt treatment, re-

gardless of their clinical or histological status,

as participants in a prospective study.15 Subse-

quently, the indication for treatment was based

on clinical and histological criteria. Patients

who had more severe clinical recurrence in the

opinion of the attending physician during the

first year post-LT underwent liver biopsy and

received treatment if there was histological evi-

dence of HCV recurrence.

� Deferred treatment group. Patients with

clinically mild recurrence and an Ishak fibrosis

score  218 in biopsies performed per protocol

at 12 months after LT and thereafter were

treated.

Treatment groups

For the purposes of this study, patients who had

received AVT were retrospectively classified accor-

ding to liver histology at the time of treatment ini-

tiation into two groups: the early treatment group

(ET) included patients with evidence of acute lobu-

lar hepatitis without fibrosis, and the deferred treat-

ment group (DT) included patients with established

chronic active hepatitis.

Patients with HIV coinfection, non-1 HCV geno-

type, or fibrosing cholestatic hepatitis, and those in

whom viral load data at baseline or weeks 4 or 12

were missing, were excluded from the study.

Liver histology

Biopsies were obtained percutaneously. Liver

specimens were fixed in formalin and embedded in

paraffin. Two-micron sections were stained with

hematoxylin-eosin and Masson’s trichrome for

histological assessment. A single experienced patho-

logist (HA), blinded to the clinical data, examined

the samples. Fibrosis stage was assessed according

to Ishak’s scoring system.18

Immunosuppression

In 2004, the immunosuppression protocol for

HCV-infected LT recipients at our center was

changed from tacrolimus (Fk) (Prograf, Astellas

Pharma GmbH, Munich, Germany) plus steroids

to Fk plus mycophenolate mofetil (MMF) (CellCept,

Roche Pharmaceuticals Inc, NJ, USA) with or

without low-dose steroid therapy when required,

as reported.19 Fk was started at standard doses

and adjusted to achieve a 10-15 ng/mL blood

trough level during the first weeks. MMF was

started at 1-2 g/day, depending on white blood cell

count. Methylprednisolone (when indicated) was

administered daily, starting at 20-mg doses and

slowly tapering over the ensuing 6 months.

Patients with pre-transplant serum creatinine

> 1.5 mg/dL were initially given basiliximab

(Simulect, Novartis Pharma AG, Basel, Switzerland),

plus MMF and steroids, with subsequent introduc-

tion of low-dose Fk. Tacrolimus was switched to

cyclosporine (Sandimmun Neoral, Novartis Phar-

ma AG, Basel, Switzerland) when necessary due to

side effects.
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Antiviral treatment regimen

and response definitions

Antiviral treatment consisted on Peg-IFN -2b

(Peg-Intron, Schering-Plough, Inc., Kenilworth,

NJ) and ribavirin (Rebetol, Schering-Plough, Inc.,

Kenilworth, NJ) were administered for 24 weeks. If

HCV-RNA tested positive at that time, treatment

was stopped, and if negative, the patient completed

48 weeks of treatment except in 3 partial responders

in whom treatment was extended to 72 weeks.

Peg-IFN was initiated at 1.5 g/kg and was redu-

ced to 1 g/kg when neutrophils dropped below

1.5 x 109/L or platelets dropped below 50 x 109/L.

When neutrophil count was less than 1.0 x 109/L,

filgrastim (Neupogen 30, Amgen SA, Barcelona) was

initiated. Ribavirin dose has been weight-adjusted to

800-1,200 mg/day. The initial dose was reduced if he-

moglobin dropped below 9 g/dL, and weekly darbe-

poetin-  (Aranesp, Amgen SA, Barcelona) was

started if hemoglobin failed to increase within 2 weeks.

Rapid virological response (RVR) was defined as

undetectable HCV-RNA at week 4, and early virolo-

gical response (EVR), as a  2 log
10

 viral load de-

crease at 12 weeks. End-of-treatment response

(ETR) was defined as undetectable serum HCV-RNA

at the end of therapy. Sustained virological response

(SVR) was defined as undetectable serum HCV-RNA

24 weeks after treatment completion.20

Viral load testing From 2001 to 2006, HCV-RNA

was detected by a qualitative polymerase chain reac-

tion (PCR) assay (Cobas Amplicor HCV Test v2.0;

Roche Molecular Diagnostics, Barcelona, Spain;

detection limit 50 IU/mL) and, when positive, mea-

sured by a quantitative PCR assay (Cobas Amplicor

HCV Monitor Test v2.0; Roche Molecular Diagnos-

tics, Barcelona, Spain; detection limit 600 IU/mL).

Since 2007, a real-time PCR-based test (Cobas

Ampliprep/Cobas TaqMan; Roche Molecular Diag-

nostics, Barcelona, Spain; detection limit 15 IU/mL)

has been used for HCV quantitation. HCV genoty-

ping was performed by line probe assay (Inno-LiPA

II; Innogenetics, Antwerp, Belgium).

Genotyping of IL28B polymorphisms

Genomic DNA from LT recipients and their do-

nors was extracted from formalin-fixed, paraffin-em-

bedded biopsies of liver explants (recipients) and

grafts (donors) obtained at LT, using the QIAamp

DNA FFPE Tissue Kit (Qiagen, Hilden, Germany).

Genotyping of rs12979860 was performed using a

real-time PCR with allele-specific Taq-Man probes,

as described previously.21,22 IL28B rs12979860 was

defined as CC, CT, or TT.

Statistical analysis

The patients’ descriptive statistics are reported.

Data are presented as medians and range, and cate-

gorical variables as frequency and percentage. Nor-

mality was determined by the Shapiro-Wilk test.

Differences between categorical variables were as-

sessed by the chi-square test or Fisher exact test.

Continuous variables were compared using the

Mann-Whitney test. The propensity score was not

used because it was assumed at study design that

there would be differences between the groups.

Multivariate logistic regression analysis was per-

formed with variables showing a significance level of

p < 0.1 and those considered clinically significant

by the investigators. Results are expressed as odds

ratios (OR) with 95% confidence intervals (CIs).

Survival analysis was performed with a Kaplan-

Meier and Cox-regression model including variables

showing a significance level of p < 0.1 and those

considered clinically significant by the investigators.

Results are expressed as hazard ratios (HR) with

95% CIs. A two-sided p value of < 0.05 was required

for statistical significance. Data were analyzed with

SPSS software (19.0, SPSS Inc., Chicago IL, USA).

RESULTS

During the 9-year study period, 491 patients un-

derwent LT at our institution, 222 of them had HCV

infection (45%), and 151 (68%) received AVT. Of the

151 patients considered for enrollment, 46 were ex-

cluded (19 HIV co-infection, 7 fibrosing cholestatic

hepatitis, 12 HCV genotype other than 1, and 8 lack-

ing complete data), yielding a final cohort of 105

patients (Figure 1).

Baseline data by treatment group are summarized

in table 1. There were 60 patients in the ET group

and 45 in the DT group. Twenty-four (40%) of the

60 ET patients received treatment within a prospec-

tive study.15 The groups were similar at baseline ex-

cept for higher ALT, bilirubin and HCV RNA, lower

hemoglobin levels, and smaller percentage of diabe-

tic patients in the ET group. Warm ischemia time

was also longer in ET patients. The interval bet-

ween LT and start of AVT was significantly shorter

in ET than in DT (3 vs. 18 months, respectively; p <

0.001).

Prevalences of rs12979860 CC, CT and TT geno-

types in recipient samples were 33%, 52%, and 15%
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respectively, whereas in donor samples, genotype CC

was the most common (47%), followed by genotype

CT (45%) and TT (8%) (p = 0.001).

When categorized according to treatment group,

recipient rs12979860 genotypes were similarly distri-

buted in the two groups (Table 1). However, signifi-

cantly more patients in the ET group received livers

from donors with rs12979860 CC genotype (61%),

than patients in the DT group (29%) (p = 0.01).

There were no differences concerning side effects,

type of immunosuppression used, haematological

support, rejection, or CMV infection.

Treatment outcome

There were no differences between groups in the

percentage of patients who completed treatment, or

required erythropoietin, blood transfusion or granu-

locyte colony-stimulating factor, or in the number of

rejection episodes or de novo autoimmune hepatitis

cases. The interval between LT and treatment start

was longer in patients achieving SVR (Table 2).

A higher percentage of DT patients had depressive

symptoms (18% DT vs. 5% ET; p = 0.05).

A similar percentage of patients in both groups achie-

ved RVR and EVR (Table 1) and there were no differen-

ces in the SVR rate (23% ET vs. 36% DT; p = 0.27).

For the overall cohort, univariate analysis identi-

fied the following pre-treatment variables as associa-

ted with SVR: female recipient (p = 0.01), IL28B ge-

notype CC (p = 0.04), and graft donor younger than

60 years (p = 0.01) (Table 2). The on-treatment va-

riables associated with SVR included, the weeks of

AVT (p < 0.001), completing treatment (p < 0.001),

and achieving an RVR (p = 0.001), EVR (p < 0.001), and

ETR (p < 0.001). On multivariate analysis, the

fact of achieving an RVR (OR 13.6, CI 95% 1.7-

107.5, p = 0.01) and completing treatment (OR 14.8,

CI 95% 2.1-103.8, p = 0.01) were the only variables

independently associated with SVR.

In the same analysis by treatment group, com-

pleting treatment (p < 0.001), achieving an RVR

(p = 0.01), and achieving an EVR (p < 0.001)

were associated with SVR in the ET group, whereas

completing treatment (p = 0.002), achieving an

RVR (p = 0.04), achieving an EVR (p < 0.001),

and receiving a graft from a donor younger than

60 years (p = 0.03), were associated with SVR in

the DT group.

Survival analysis

The study cohort was followed up for a median of

5.8 years (range 0.4-13.5). In the overall cohort, 37

patients (35%) died during follow-up: 24 (65%) due

to liver failure after a median of 2.1 years (range

0.4-9.9), 5 (13%) due to HCC recurrence after a me-

dian of 1.6 years (range 0.7-7.6), and the remaining

Figure 1. Flow chart of LT pa-

tients in our hospital between

2001-2010 and selection of the

study cohort.

491 LT-recipients (2001-2010)
222 (45%) HCV-infected

151 (58%)
HCV-LT recipients treated

12 non-1 HCV-genotypes

19 HIV co-infected

7 fibrosing cholestatic
hepatitis C recurrence

Total recruited 113 (75%)

8 patients lacking complete data

Study cohort.
Data available for analysis:

–105 (93%) patients
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Table 1. Baseline and on treatment characteristics of the study cohort according to the time of treatment.

Patients characteristic Early treatment Deferred treatment p value
n = 60 (57%) n = 45 (43%)

Recipient gender (M/F), n (%) 41 (68)/19 (32) 29 (64)/16 (36) 0.71

Recipient age, years* 58 (35-68) 59 (37-68) 0.22

Donor age, years* 58 (14-81) 59 (17-81) 0.62

Donor age >60 years, n (%) 23 (38) 18 (40) 0.90

Diabetes, n (%) 7 (12) 15 (34) 0.01

Alanine aminotransferase, IU/mL* 330 (27-938) 172 (21-878) 0.02

Bilirubin mg/dL* 4 (0.3-26) 1 (0.3-31) <0.001

Bilirubin > 2 mg/dL, n (%) 26 (46) 7 (16) 0.002

Hemoglobin, g/dL* 12.9 (10-15) 13.2 (10-16) 0.003

Leukocytes (X109/L) * 4.2 (2.1-8.1) 4.5(1.8-10.7) 0.34

Platelets (X109/L)* 145 (60-330) 135 (54-280) 0.92

Creatinine, mg/dL* 1.1 (0.7-2.5) 1 (0.8-2.8) 0.83

Pre-LT MELD score* 14 (6-37) 14 (6-40) 0.64

Pre-LT viral load, log10  IU/mL* 5.8 (3.3-7.1) 6 (3.5-6.8) 0.24

Pre-treatment viral load, log10 IU/mL* 6.7 (4.9-8.2) 6.5 (3.8-7.5) 0.04

Pre-LT IFN-Treatment, n (%) 15 (25) 17 (38) 0.21

Recipients IL28B genotype, n (%)

CT 21 (35) 14 (31) 0.50

CT 28 (47) 26 (58)

TT 11 (18) 5 (11)

Donors IL28B genotype, n (%)†

CC 35 (61) 11 (29) 0.01

CT 20 (34) 24 (63)

TT 3 (5) 3 (8)

R-CC/D-CC, n (%)† 11 (19) 4 (11) 0.37

R-CC/D-nonCC, n (%)† 10 (17) 8 (21) 0.68

R-nonCC/D-CC, n (%)† 24 (41) 7 (18) 0.02

R-nonCC/D-nonCC, n (%)† 13 (22) 19 (50) 0.01

Immunosupression, n (%) 0.17

Tacrolimus based 57 (95) 39 (87)

Cyclosporine based 3 (5) 6 (13)

IS including MMF, n (%) 11 (18) 11 (24) 0.45

Ischemia time, minuts* 360 (190-530) 357 (175-700) 0.68

Warm ischemia time, minuts* 45 (15-87) 40 (25-55) 0.01

Interval between LT and antiviral treatment, months* 3 (1-9) 18 (11-74) <0.001

Weeks of antiviral treatment* 48 (12-72) 43 (4-72) 0.76

Completing treatment, n (%)‡ 29 (48) 22 (50) 0.94

Erythropoietin, n (%) 44 (73) 27 (60) 0.12

Transfusion, n (%) 13 (22) 12 (27) 0.67

Granulocyte colony-stimulating, n (%) 17 (29) 12 (27) 0.85

Thrombocytopenia (<100X109/L), n (%) 31 (53) 27 (60) 0.53

Rejection episodes, n (%) 6 (10) 6 (13) 0.62

Autoimmune hepatitis, n (%) 2 (3) 3 (7) 0.41

Depressive syndrome, n (%) 3 (5) 8 (18) 0.05

CMV infection, n (%) 11 (18) 5 (11) 0.33

RVR, n (%) 7 (12) 5 (11) 0.94

EVR, n (%) 29 (48) 30 (67) 0.06

ETR, n (%) 24 (41) 21 (50) 0.42

SVR, n (%) 14 (23) 16 (36) 0.27

* Median (range). † In 98 donors performed. ‡ Completing treatment was defied as treatment received more than 80% of both drugs for more than 80% of
the estimated duration. MELD: Model of End-Stage Liver Disease. R-CC/non-CC: Recipient IL28B genotype CC/non-CC. D-CC/non-CC: Donor IL28B geno-
type CC/non-CC.
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Table 2. Baseline and on treatment characteristics of the study cohort according to sustained virological response.

Patients characteristic SVR Non SVR p value
n = 30 (29%) n = 75 (71%)

Recipient gender (M/F), n (%) 14 (47)/16 (53) 56 (75)/19 (25) 0.01

Recipient age, years* 61 (40-68) 60 (35-68) 0.97

Donor age < 60 years, n (%) 24 (80) 40 (53) 0.01

Diabetes (%) 4 (14) 18 (24) 0.32

Alanine aminotransferase, IU/mL* 204 (48-628) 262 (21-938) 0.44

Bilirubin >2 mg/dL, n (%) 9 (31) 24 (34) 0.85

Haemoglobin, g/dL* 12.9 (10-15) 12.4 (10-15.5) 0.32

Leukocytes (x 109/L)* 4.0 (2.1-8.6) 4.4 (1.8-7.8) 0.72

Platelets (x 109/L)* 142 (57-255) 129 (54-333) 0.38

Creatinine, mg/dL* 1 (0.7-1.4) 1 (0.7-2.8) 0.84

Pretransplant viral load, log IU/mL* 5.8 (3.5-7.1) 6 (4.8-6.8) 0.27

Pretreatment viral load, log IU/mL* 6.6 (3.8-7.6) 6.6 (4.9-8) 0.08

Pre-LT IFN-treatment, n(%) 7 (23) 25 (33) 0.34

Recipients IL28B genotype, n (%)

CC 13 (43) 22 (29) 0.04

CT 16 (54) 38 (51)

TT 1 (3) 15 (20)

Donors IL28B genotype,n (%)†

CC 14 (52) 32 (47) 0.31

CT 10 (37) 34 (49)

TT 3 (11) 3 (4)

R-CC/D-CC, n (%)† 5 (18) 10 (14) 0.85

R-CC/D-nonCC, n (%)† 6 (22) 12 (17) 0.63

R-nonCC/D-CC, n (%)† 9 (33) 22 (32) 0.98

R-nonCC/D-nonCC, n (%)† 7 (26) 25 (36) 0.37

Immunosuppression, n (%)

Tacrolimus based 26 (87) 70 (93) 0.35

Cyclosporine based 4 (13) 5 (7)

IS includind MMF, n (%) 8 (27) 14 (19) 0.46

Interval between LT-AVT (months)* 9 (1-53) 4 (1-74) 0.03

Ischemia time, minuts* 330 (175-490) 365 (220-700) 0.28

Warm ischemia time, minuts* 40 (15-50) 40 (20-73) 0.24

Pre-LT MELD* 14 (6-40) 14 (7-39) 0.63

Weeks of antiviral treatment 48 (12-72) 24 (4-72) < 0.001

Completing treatment, n (%)‡ 27 (90) 24 (32) < 0.001

Erythropoietin, n (%) 23 (77) 48 (64) 0.21

Transfusion, n (%) 8 (27) 17 (23) 0.74

Granulocyte colony-stimulating, n (%) 9 (30) 20 (27) 0.83

Thrombocytopenia (< 100 x 109/L), n (%) 14 (47) 44 (60) 0.25

CMV infection, n (%) 2 (7) 14 (19) 0.16

Rejection episodes, n (%) 5 (17) 7 (9) 0.36

Autoimmune hepatitis, n (%) 2 (7) 3 (4) 0.61

Depressive syndrome, n (%) 4 (13) 7 (9) 0.54

RVR, n (%) 9 (30) 3 (4) 0.001

EVR, n (%) 30 (100) 29 (39) < 0.001

ETR, n (%) 30 (100) 15 (21) < 0.001

* Median (range). † In 98 donors performed. ‡Completing treatment was defied as treatment received more than 80% of both drugs for more than 80% of the

estimated duration. MELD: Model of End-Stage Liver Disease. R-CC/non-CC: recipient IL28B genotype CC/non-CC. D-CC/non-CC: donor IL28B genotype

CC/non-CC.
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Figure 3. Survival curves of significant variables according to a multivariate Cox regression model.
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Table 3. Causes of mortality.

Early treatment, n = 26 Deferred treatment, n = 11 p value

Hepatic failure 17 7
HCC recurrence 4 1 0.82
Others 5 3

Malignancy Sepsis
Malignancy Sepsis

Sepsis Sepsis
Sepsis
Sepsis

8 (22%) due to liver-unrelated causes after a median

of 4 years post-LT (range 0.5-6.5).

After a median follow-up of 6.9 years (range 0.4-

11) in the ET group and 5.6 years (range 1.1-13.5)

in the DT group (p = 0.71), Kaplan-Meier analysis

showed a trend towards shorter survival in the ET

group during the first years, but with similar long-

term survival in both groups (Log-rank p = 0.06)

(Figure 2). Importantly, liver-related mortality was

similar in both groups (p = 0.82) (Table 3).

The variables associated with mortality in the

overall cohort included graft donor > 60 years old

(p = 0.02), recipient IL28B genotype TT (p = 0.03),

pre-treatment bilirubin > 2 mg/dL, (p = 0.001),

weeks of AVT (p < 0.001), premature treatment

discontinuation (p = 0.001); and failure to achieve

EVR (p = 0.001), ETR (p = 0.001), and SVR

(p = 0.001) (Table 4).

Multivariate analysis using a Cox regression

model (see variables included in table 3) identified

the following mortality-related variables: pre-

treatment bilirubin > 2 mg/dL (HR 6.1, CI 95%

2.7-13.7, p < 0.001), graft donor older than 60

years (HR 3.1, 95% CI 1.4-6.7, p = 0.01), and failure

to achieve SVR (HR 10.3, CI 95% 1.2-18.3, p = 0.03)

(Figure 3).
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Figure 2. Kaplan-Meier analysis showing patient survival

according to the time of treatment. Log-rank (p = 0.06).

Median follow-up time; early treatment: 6.9 years (range 0.4-11).

Deferred treatment: 5.6 years (range t1.1-13.5), (p = 0.71).

1 year 3 years 5 years 10 years

Deferred treatment 98% 89% 78% 52%
Early treatment 87% 67% 63% 55%
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Table 4. Baseline and on treatment characteristics of the study cohort of 105 patients according to mortality.

Patients characteristic Survival, n = 68 (65%) Death, n = 37 (35%) p value

Recipient gender (M/F), n (%) 44 (65)/24 (35) 26 (70)/11 (30) 0.60

Age, years * 62 (40-68) 57 (35-68) 0.17

Donor age >60 years, n (%) 21 (31) 20 (54) 0.02

Diabetes, n (%) 11 (16) 11 (30) 0.11

Alanine aminotransferase, IU/mL* 216 (21-938) 227 (87-720) 0.86

Bilirubin >2 mg/dL, n (%) 15 (22) 18 (55) 0.001

Haemoglobin, g/dL* 12.9 (10-15.5) 12.4 (10-15) 0.08

Leukocytes (x 109/L)* 4.4 (2.1-8.6) 3.8 (1.8-7.8) 0.73

Platelets (X109/L)* 140 (57-333) 120 (54-280) 0.91

Creatinine, mg/dL* 1.1 (0.7-2.8) 1 (0.7-2.5) 0.37

Pretransplant viral load, log IU/mL* 5.9 (3.5-6.5) 5.9 (4.8-7.1) 0.4

Pretreatment viral load, log IU/mL* 6.5 (3.8-7.6) 6.6 (4.9-8) 0.9

Pre-LT IFN-treatment, n (%) 19 (28) 13 (35) 0.4

Recipients IL28B genotype, n (%)

CC 25 (37) 10 (27) 0.04

CT 37 (54) 17 (46)

TT 6 (9) 10 (27)

Donors IL28B genotype, n (%)

CC 31 (48) 15 (47) 0.60

CT 28 (44) 16 (50)

TT 5 (8) 1 (3)

R-CC/D-CC, n (%)† 10 (16) 5 (16) 1

R-CC/D-nonCC, n (%)† 14 (22) 4 (12) 0.32

R-nonCC/D-CC, n (%)† 21 (33) 10 (31) 0.91

R-nonCC/D-nonCC, n (%)† 19 (30) 13 (41) 0.36

Immunosuppression, n (%)

Tacrolimus based 63 (93) 33 (89) 0.51

Cyclosporine based 5 (7) 4 (11)

IS including MMF 17 (25) 5 (13) 0.24

Interval between LT and antiviral treatment, months* 14 (1-74) 4 (1-35) 0.01

Ischemia time, minuts* 372 (175-700) 360 (220-570) 0.87

Warm ischemia time, minuts* 40 (15-74) 43 (20-87) 0.84

Pre-LT MELD* 14 (6-40) 15 (8-39) 0.91

Weeks of antiviral treatment* 48 (12-72) 24 (4-48) <0.001

Completing treatment, n (%)‡ 41 (61) 10 (27) 0.001

Erythropoietin, n (%) 47 (69) 24 (65) 0.74

Transfusion, n (%) 15 (22) 10 (27) 0.63

Granulocyte colony-stimulating, n (%) 20 (29) 9 (25) 0.62

Thrombocytopenia (< 100 x 109/L), n (%) 41 (60) 17 (49) 0.37

CMV infection, n (%) 10 (15) 6 (16) 0.84

Rejection episodes, n (%) 8 (12) 4 (11) 0.93

Autoimmune hepatitis, n (%) 4 (6) 1 (3) 0.51

Depressive syndrome, n (%) 8 (12) 3 (8) 0.74

RVR, n (%) 8 (12) 4 (11) 0.93

EVR, n (%) 46 (68) 13 (35) 0.001

ETR, n (%) 37 (56) 8 (23) 0.001

SVR, n (%) 27 (40) 3 (8) 0.001

* Median (range). † In 98 donors performed. ‡ Completing treatment was defied as treatment received more than 80% of both drugs for more than 80% of

the estimated duration. MELD: Model of End-Stage Liver Disease. R-CC/non-CC: recipient IL28B genotype CC/non-CC. D-CC/non-CC: donor IL28B genoty-

pe CC/non-CC.
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Analysis of mortality-associated variables accor-

ding to treatment group identified pre-treatment

bilirubin > 2 mg/dL (HR 4.9, 95% CI 1.9-12.7,

p = 0.001) and graft donor older than 60 years (HR

3.2, 95% CI 1.3-7.9, p = 0.01) in the ET group,

whereas only pre-treatment bilirubin > 2 mg/dL

(HR 8.7, 95% CI 1.9-39.9, p = 0.01) was independently

associated with mortality in the DT group.

Subgroup analysis

In an exploratory analysis removing patients

from the first study,15 the results in terms of effica-

cy of therapy were similar to those found using the

whole cohort, 17% SVR in ET group vs. 36% in DT

group, p = 0.06. No differences regarding related va-

riables were found.

Regarding IL28b genotype we obtained same re-

sults; more patients in the ET group received livers

from donors with rs12979860 CC genotype (65%),

than patients in the DT group (29%) (p = 0.01).

Kaplan-Meier analysis showed shorter survival in

the ET group (log-rank p = 0.01).

Multivariate analysis using a Cox regression

model identified the following mortality-related

variables: pre-treatment bilirubin > 2 mg/dL (HR

17.9, CI 95% 5.6-57.6, p < 0.001), graft donor older

than 60 years (HR 3.2, 95% CI 1.1-9.5, p = 0.04), failure

to achieve SVR (HR 14.5, CI 95% 1.5-141.8, p = 0.02)

and diabetes (HR 3.3, CI 95% 1.0-10.5, p = 0.04).

Analysis of mortality-associated variables ac-

cording to treatment group identified pre-treatment

bilirubin >2 mg/dL (HR 013.0, 95% CI 2.4-69.9,

p = 0.003) in ET group.

DISCUSSION

In most centers, treatment of recurrent HCV is

started when chronic hepatitis is established and

progressive fibrosis has been documented.23 This

strategy has the advantage of treating when

the patient’s clinical status after LT is stable and the

immunosuppression requirement and risk of acute

rejection are presumably lower. In a previous stu-

dy,15 however, we found that antiviral treatment for

recurrent HCV in the acute stage is safe and effec-

tive, although the limited sample size and compari-

son with patients who did not receive AVT

precluded identification of patients who might ob-

tain the most benefit from this strategy.

In the present study, our expanded experience

with early treatment of recurrent HCV is compa-

red with treatment of established chronic HCV

recur-rence in a large cohort of patients over a deca-

de in time. Our results indicate that the two treat-

ment strategies are similar with regard to

tolerability and safety, except for a higher frequency

of interferon-related depressive symptoms in pa-

tients with established recurrent HCV. Regarding

the potential risk of interferon-induced acute rejec-

tion,24,25 our results do not support the notion that

antiviral therapy in the early phase of recurrence in-

creases the risk of rejection.

It is worthwhile to stress that therapy used in the

early post-transplantation phase had similar rate of

discontinuations as when used in a delayed phase,

receiving similar cumulative dosage of ribavirin and

Peg-IFN in both groups; moreover, we found that

treatment intolerance was not an important limiting

factor in the early post-LT phase. Hematological

side effects were similar between groups and con-

trolled with growth factors or transfusions when

required.

It is well known that in the early transplant

period doses of IS are higher, whether it has have an

impact in the rate of achievement of SVR in our ET

group cannot be establish, what we can gauge is

that the type of IS and proportion of patients recei-

ving MMF was similar, however we cannot reject

the possibility of a negative impact of the higher IS,

which could have balanced the positive impact of the

absence of fibrosis.

The lower frequency of IL28B CC genotype in

the LT recipients than in HCV-negative donors

is consistent with the role of the CC variant in

spontaneous HCV clearance and sensitivity to inter-

feron; these characteristics would lead to over-repre-

sentation of non-CC variants in the chronic

hepatitis C population.26,27 Although the distribution

of recipient IL28B genotypes was similar in both

treatment groups, the finding of a higher frequency

of CC genotype in grafts transplanted to ET reci-

pients deserves further comment. This finding is

consistent with the results of recent reports in pa-

tients with post-LT recurrent HCV.28,29 These au-

thors found faster disease progression in patients

who had received a CC donor graft, suggesting that

although donor IL28B genotype CC associates with

higher SVR rates after antiviral therapy, in the ab-

sence of viral eradication, it is associated with poo-

rer outcome and survival. The authors concluded

that these patients should be systematically offered

antiviral treatment.28

In the present study, the only variables indepen-

dently associated with SVR were achieving RVR

and completing treatment. We found a significantly
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higher SVR rate in recipients with genotype CC (p =

0.04), but there was no association with donor geno-

type (p = 0.30). Nonetheless, recipient genotype was

not significantly associated with treatment response

in the multivariate analysis. Similar discrepancies

between recipient and donor IL28B genotype and

SVR have been reported by others.30-32 Although re-

cipient IL28B genotype was not independently asso-

ciated with treatment response in our study, the

limited number of patients and the high number of

other variables influencing treatment outcome limit

the interpretation of this finding. Further studies

are needed to clarify this issue. There were no diffe-

rences in the proportion of patients achieving SVR

regarding the group of treatment; however, inclu-

ding only more sick patients in the ET as the result

of removing patients from the first study,15 there

was a trend to a higher SVR in the DT group, despite

not achieving statistical significance.

We identified a subgroup of LT recipients with a

poor prognosis: patients with pre-treatment biliru-

bin > 2 mg/dL who received a graft from a donor ol-

der than 60 years, and failed to achieve SVR. In an

attempt to select the most severe patients as accura-

tely as possible we remove patients from the first

study,15 this strategy added diabetes as a variable

associated with mortality and showed that patients

treated in the ET group had a higher mortality than

patients treated in the DT, we firmly believe that

this is a consequence of the severity of the recurrence

and not of the timing.

Patients identified as being at higher risk of severe

recurrence might benefit from early treatment with

direct-acting antiviral (DAA) containing regimens.33-38

In this regard, our results and those of others28,29

suggest that donor IL28B genotype should be consi-

dered a potential prognostic marker for early severe

recurrence until further information is obtained.

Although data is scarce in the LT setting,35-37 DDA

containing regimens have shown higher SVR (20-

71%) rates in LT recipients. With these regimens side

effects are high; anemia was the most common

(92%), with a rate of infection of 27% with 8% of fatal

outcomes, and treatment was discontinued in 43% of

patients. However, it is likely that patients with

more severe recurrence will benefit from DAA-contai-

ning regimens. Accordingly, patients at higher risk of

severe recurrence should be promptly identified since

they might benefit from earlier DAA-containing anti-

viral therapy and all efforts should be directed at

completing treatment to increase SVR rates.

Our study has several limitations. First, because

of its retrospective nature, decisions on the indica-

tion for treatment were made by clinicians on a

case-by-case basis. Furthermore, except for the ET

patients who had been included in the previous stu-

dy,15 most patients in this group had clinically more

severe recurrent HCV than those in the DT group.

Therefore, we were unable to assess the utility of

prompt treatment in LT recipients with mild recur-

rence. Nonetheless, the fact that patients were pros-

pectively monitored at a single center by the same

physicians according to homogeneous management

criteria would likely decrease the impact of potential

biases. In addition, due to the observational nature

of the study, extrapolation of the results to the liver

transplant population at large is difficult. Ideally,

an extensive multicenter study comparing DAA-con-

taining treatment given during acute versus esta-

blished recurrence would allow more accurate

treatment guidelines to be developed. Finally, we

mention that fibrosis was not compared between

groups because this factor was absent in patients

treated in the acute phase of recurrence, in accor-

dance with the study design.

In conclusion, early treatment of recurrent HCV

genotype 1 in LT recipients is safe and achieves si-

milar rates of viral eradication as deferred treat-

ment. Patients with clinically severe HCV

recurrence and those who received a graft from an

older donor should be considered candidates for an

early, intensive therapeutic intervention to increase

HCV eradication and optimize graft and patient

survival.
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ABBREVIATIONS

� 95CI: 95% confidence interval.

� AVT: antiviral treatment.

� CMV: cytomegalovirus.

� DT: deferred treatment.

� DAA: direct acting antivirals.

� ET: early treatment.

� ETR: end of treatment response.

� EVR: early virological response.

� Fk: tacrolimus.

� HCV: hepatitis C virus.

� HIV: human immunodeficiency virus.

� HR: hazard ratio.
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� IL28B: interleukin 28B.

� LT: liver transplantation.

� MELD: model of end-stage liver disease.

� MMF: mycophenolate mofetil.

� OR: odds ratios.

� PCR: polymerase chain reaction.

� PEG-INF: pegylated interferon.

� RVR: rapid virologic response.

� SVR: sustained virological response.
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