[bookmark: OLE_LINK718][bookmark: OLE_LINK719]Name of journal: World Journal of Gastroenterology
ESPS Manuscript NO: 5924
Columns: RETROSPECTIVE STUDY

Impact of immunosuppression minimization and withdrawal in long-term hepatitis C virus liver transplant recipients 

Manzia TM et al. Tailored IS or avoidance after LT

Tommaso Maria Manzia, Roberta Angelico, Paolo Ciano, Jon Mugweru, Kofi Owusu, Daniele Sforza, Luca Toti, Giuseppe Tisone

Tommaso Maria Manzia, Roberta Angelico, Paolo Ciano, Daniele Sforza, Luca Toti, Giuseppe Tisone, Department of Experimental Medicine and Surgery, Section of Transplantation, Tor Vergata University of Rome, 00133 Rome, Italy

Jon Mugweru, Kofi Owusu, Wake Forest School of Medicine, Winston-Salem, NC 27106, United States

Author contributions: Manzia TM designed the research and wrote the paper; Angelico R and Sforza D performed the research; Toti L and Ciano P analysed the data; Tisone G, Mugweru J and Owuso K edit the manuscript.

[bookmark: OLE_LINK703][bookmark: OLE_LINK704][bookmark: OLE_LINK706][bookmark: OLE_LINK1358][bookmark: OLE_LINK1625][bookmark: OLE_LINK1626][bookmark: OLE_LINK1528][bookmark: OLE_LINK1529][bookmark: OLE_LINK1521][bookmark: OLE_LINK1522][bookmark: OLE_LINK1898][bookmark: OLE_LINK1900][bookmark: OLE_LINK1981][bookmark: OLE_LINK2645][bookmark: OLE_LINK2646][bookmark: OLE_LINK830][bookmark: OLE_LINK908][bookmark: OLE_LINK1351][bookmark: OLE_LINK1355][bookmark: OLE_LINK1420][bookmark: OLE_LINK1566][bookmark: OLE_LINK1794][bookmark: OLE_LINK1930][bookmark: OLE_LINK1960][bookmark: OLE_LINK2183][bookmark: OLE_LINK2184][bookmark: OLE_LINK2295][bookmark: OLE_LINK2419][bookmark: OLE_LINK2420][bookmark: OLE_LINK3135][bookmark: OLE_LINK3136][bookmark: OLE_LINK2632][bookmark: OLE_LINK3007]Correspondence to: Tommaso Maria Manzia, MD, PhD, Department of Experimental Medicine and Surgery, Section of Transplantation, Tor Vergata University of Rome, Viale Oxford 81, 00144 Rome, Italy. tomanzia@libero.it

[bookmark: OLE_LINK1415][bookmark: OLE_LINK1416][bookmark: OLE_LINK1417][bookmark: OLE_LINK42][bookmark: OLE_LINK128][bookmark: OLE_LINK440][bookmark: OLE_LINK951][bookmark: OLE_LINK955]Telephone: +39-6-20902498       Fax: +39-6-20902498  
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK145][bookmark: OLE_LINK215][bookmark: OLE_LINK352][bookmark: OLE_LINK364][bookmark: OLE_LINK383][bookmark: OLE_LINK361][bookmark: OLE_LINK444][bookmark: OLE_LINK501][bookmark: OLE_LINK572][bookmark: OLE_LINK573][bookmark: OLE_LINK756][bookmark: OLE_LINK757][bookmark: OLE_LINK805][bookmark: OLE_LINK806][bookmark: OLE_LINK958][bookmark: OLE_LINK1018][bookmark: OLE_LINK1059][bookmark: OLE_LINK1122][bookmark: OLE_LINK1123][bookmark: OLE_LINK1402][bookmark: OLE_LINK1750][bookmark: OLE_LINK1751][bookmark: OLE_LINK1832][bookmark: OLE_LINK1878][bookmark: OLE_LINK1917][bookmark: OLE_LINK1918][bookmark: OLE_LINK1985][bookmark: OLE_LINK1986][bookmark: OLE_LINK1927][bookmark: OLE_LINK1928][bookmark: OLE_LINK2044][bookmark: OLE_LINK2352][bookmark: OLE_LINK2220][bookmark: OLE_LINK2344][bookmark: OLE_LINK2347][bookmark: OLE_LINK2626][bookmark: OLE_LINK2390][bookmark: OLE_LINK2752][bookmark: OLE_LINK2753][bookmark: OLE_LINK2855][bookmark: OLE_LINK2992][bookmark: OLE_LINK3241][bookmark: OLE_LINK2682][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Received: September 28, 2013   Revised: February 17, 2014 
[bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK1382][bookmark: OLE_LINK2188][bookmark: OLE_LINK2189][bookmark: OLE_LINK2615]Accepted: May 12, 2014
[bookmark: _GoBack]
Published online: 

Abstract
AIM: To investigate the effects of different immunosuppressive regimens and avoidance on fibrosis progression in hepatitis C virus (HCV) liver transplant (LT) recipients.

METHODS: We retrospectively compared the liver biopsies of well-matched HCV LT recipients under calcineurin inhibitors (CNI group, n = 21) and mycophenolate (MMF group, n = 15) monotherapy, with those patients who successfully withdrew from immunosuppression (IS) therapy from at least 3 years (TOL group, n = 10). To perform the well-matched analysis, all HCV transplanted patients from December 1993 were screened. Only those HCV patients who reached the following criteria were considered for the analysis: (1) at least 3 years of post-operative follow-up; (2) patients with normal liver graft function under low dose CNI monotherapy (CNI group); (3) patients with normal liver graft function under antimetabolite (Micophenolate Mofetil or coated mycophenolate sodium) monotherapy (MMF group); and (4) recipients with normal liver function without any IS. We excluded from the analysis recipients who were IS free or under monotherapy for < 36 mo, recipients with cirrhosis or with unstable liver function tests. 

RESULTS: Thirty six recipients were enrolled in the study. Demographics, clinical data, time after LT and baseline liver biopsies were comparable in the three groups. After six years of follow-up, there was no worsening of hepatic fibrosis in the MMF group (2.5 ± 1.5 Ishak Units vs 2.9 ± 1.7 Ishak Units, P = 0.5) and TOL group (2.7 ± 10.7 vs 2.5 ± 1.2, P = 0.2). In contrast, a significant increase in the fibrosis score was observed in the CNI group (2.2 ± 1.7 vs 3.9 ± 1.6, P = 0.008). The yearly fibrosis progression rate was significantly worse in the CNI group (0.32 ± 0.35) vs MMF group (0.03 ± 0.31, P = 0.03), and TOL group (-0.02 ± 0.27, P = 0.02). No differences have been reported in grading scores for CNI group (2.79 ± 1.9, P = 0.7), MMF group (3.2 ± 1.5, P = 0.9) and TOL group (3.1 ± 1.4, P = 0.2). Twenty four patients were treated with low dose ribavirin (8 TOL, 7 MMF, 9 CNI). The hepatitis C titers were comparable in the three groups. No episodes of rejection have been reported despite differences of liver function test in the three groups during the observational period. 

CONCLUSION: IS withdrawal and MMF monotherapy is safe and seems to be associated with the slowest fibrosis progression in HCV LT recipients.
[bookmark: OLE_LINK98][bookmark: OLE_LINK156][bookmark: OLE_LINK196][bookmark: OLE_LINK217][bookmark: OLE_LINK242][bookmark: OLE_LINK247][bookmark: OLE_LINK311][bookmark: OLE_LINK312][bookmark: OLE_LINK325][bookmark: OLE_LINK330][bookmark: OLE_LINK513][bookmark: OLE_LINK514][bookmark: OLE_LINK464][bookmark: OLE_LINK465][bookmark: OLE_LINK466][bookmark: OLE_LINK470][bookmark: OLE_LINK471][bookmark: OLE_LINK472][bookmark: OLE_LINK474][bookmark: OLE_LINK512][bookmark: OLE_LINK800][bookmark: OLE_LINK982][bookmark: OLE_LINK1027][bookmark: OLE_LINK504][bookmark: OLE_LINK546][bookmark: OLE_LINK547][bookmark: OLE_LINK575][bookmark: OLE_LINK640][bookmark: OLE_LINK672][bookmark: OLE_LINK714][bookmark: OLE_LINK651][bookmark: OLE_LINK652][bookmark: OLE_LINK744][bookmark: OLE_LINK758][bookmark: OLE_LINK787][bookmark: OLE_LINK807][bookmark: OLE_LINK820][bookmark: OLE_LINK862][bookmark: OLE_LINK879][bookmark: OLE_LINK906][bookmark: OLE_LINK928][bookmark: OLE_LINK960][bookmark: OLE_LINK861][bookmark: OLE_LINK983][bookmark: OLE_LINK1334][bookmark: OLE_LINK1029][bookmark: OLE_LINK1060][bookmark: OLE_LINK1061][bookmark: OLE_LINK1348][bookmark: OLE_LINK1086][bookmark: OLE_LINK1100][bookmark: OLE_LINK1125][bookmark: OLE_LINK1163][bookmark: OLE_LINK1193][bookmark: OLE_LINK1219][bookmark: OLE_LINK1247][bookmark: OLE_LINK1284][bookmark: OLE_LINK1313][bookmark: OLE_LINK1361][bookmark: OLE_LINK1384][bookmark: OLE_LINK1403][bookmark: OLE_LINK1437][bookmark: OLE_LINK1454][bookmark: OLE_LINK1480][bookmark: OLE_LINK1504][bookmark: OLE_LINK1516][bookmark: OLE_LINK135][bookmark: OLE_LINK216][bookmark: OLE_LINK259][bookmark: OLE_LINK1186][bookmark: OLE_LINK1265][bookmark: OLE_LINK1373][bookmark: OLE_LINK1478][bookmark: OLE_LINK1644][bookmark: OLE_LINK1884][bookmark: OLE_LINK1885][bookmark: OLE_LINK1538][bookmark: OLE_LINK1539][bookmark: OLE_LINK1543][bookmark: OLE_LINK1549][bookmark: OLE_LINK1778][bookmark: OLE_LINK1756][bookmark: OLE_LINK1776][bookmark: OLE_LINK1777][bookmark: OLE_LINK1868][bookmark: OLE_LINK1744][bookmark: OLE_LINK1817][bookmark: OLE_LINK1835][bookmark: OLE_LINK1866][bookmark: OLE_LINK1882][bookmark: OLE_LINK1901][bookmark: OLE_LINK1902][bookmark: OLE_LINK2013][bookmark: OLE_LINK1894][bookmark: OLE_LINK1929][bookmark: OLE_LINK1941][bookmark: OLE_LINK1995][bookmark: OLE_LINK1938][bookmark: OLE_LINK2081][bookmark: OLE_LINK2082][bookmark: OLE_LINK2292][bookmark: OLE_LINK1931][bookmark: OLE_LINK1964][bookmark: OLE_LINK2020][bookmark: OLE_LINK2071][bookmark: OLE_LINK2134][bookmark: OLE_LINK2265][bookmark: OLE_LINK2562][bookmark: OLE_LINK1923][bookmark: OLE_LINK2192][bookmark: OLE_LINK2110][bookmark: OLE_LINK2445][bookmark: OLE_LINK2446][bookmark: OLE_LINK2169][bookmark: OLE_LINK2190][bookmark: OLE_LINK2331][bookmark: OLE_LINK2345][bookmark: OLE_LINK2467][bookmark: OLE_LINK2484][bookmark: OLE_LINK2157][bookmark: OLE_LINK2221][bookmark: OLE_LINK2252][bookmark: OLE_LINK2348][bookmark: OLE_LINK2451][bookmark: OLE_LINK2627][bookmark: OLE_LINK2482][bookmark: OLE_LINK2663][bookmark: OLE_LINK2761][bookmark: OLE_LINK2856][bookmark: OLE_LINK2993][bookmark: OLE_LINK2643][bookmark: OLE_LINK2583][bookmark: OLE_LINK2762][bookmark: OLE_LINK2962][bookmark: OLE_LINK2582][bookmark: OLE_LINK1]© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Hepatitis C virus recurrence; Immunosuppression withdrawal; Micofenolate mofetil; Clinical operational tolerance; Minimization of immunosuppression

Core tip: The ideal IS therapy in long term hepatitis C virus (HCV) transplant recipients is yet to be defined but over-immunosuppression should be avoided. The IS free status seems to show a favorable impact on the natural history of the disease but is only achievable in 20%-30% of liver transplant (LT) recipients. Therefore minimization of the therapy must be considered an alternative in those patients who require immunosuppression (IS). The present study aims to compare the fibrosis progression in long-term IS-free HCV-LT recipients with those on low dose calcineurin inhibitors or on antimetabolite.
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INTRODUCTION
Hepatitis C virus (HCV)-related cirrhosis is currently the most important indication for liver transplantation (LT). However, it is well known that HCV graft reinfection is universal in patients who were HCV-RNA positive at the time of transplant, and has an accelerated progression to fibrosis compared to non-transplanted patients. This leads to cirrhosis in about 30% of the recipients within 5 years of transplantation[1,2]. A worse outcome in HCV transplanted recipients in terms of patients and graft survival vs those who underwent LT for other chronic liver diseases has been well recognized. Several factors have been associated with the severity of HCV recurrence: (1) Donor-related factors: female > 65 years, prolonged cold ischemic time, macro-steatosis; (2) Recipient-related factors: > 50 years, HIV coinfection, insulin-dependent diabetes, ACE-inhibitors and azathioprine (AZA) treatment; (3) Transplant-related factors: HLA matching, IL28b genotype of the donor and recipient, >106IU/mL HCV-viral load immediately after LT, CMV infection, treatment with OKT3 and corticosteroid boluses for acute rejection episode; and (4) Type of immunosuppression (IS)[3,4] . 
IS plays a key role in HCV graft reinfection, determining a fine balance between maintaining optimal host viral responses and suppressing immunity[5]. Several authors reviewed the effects of IS drugs on HCV recurrence course[6,7] but the optimal IS regimen for HCV patients has not been defined. Specific HCV LT recipients IS recommendations based on appropriate prospective clinical trials with histological findings, are still needed. In order to ensure the later and slower recurrence, the transplant community is in agreement that a high maintenance IS regimen and corticosteroid bolus to treat acute cellular rejection should be avoided[8,9]. 
Nowadays, due to better graft and patient survival, tacrolimus (Tac)-based regimen represents the preferred calcineurin inhibitors (CNI) despite its long-term side effects[10,11]. Mycophenolate (MMF) is commonly used as a CNI-sparing agent mainly in recipients with nephrotoxicity, but its effects on HCV recurrence are still controversial[12]. The IS regimen most commonly reported in literature for HCV recipients is based on CNI at low dose associated with a second IS agent (i.e., antimetabolites or mammalian target of rapamycin inhibitors) with or without steroid maintenance[13]. The IS free state seems to improve the natural history of the disease but up until now has been reported in only 20% of patients[14,15]. In this context, the minimization of IS may represent a valid alternative, which permits to reduce the severity of HCV graft infection and the IS long-term toxicity. 
The aim of the present study was to evaluate the effect of long-term CNI and MMF monotherapy, compared to IS withdrawal on the fibrosis progression rate in LT recipients with recurrent HCV infection.

MATERIALS AND METHODS
Study design
We designed a retrospective, well-matched, three-arm study to evaluate the effects of different IS regimens and IS withdrawal on the long-term fibrosis progression rate in patients who underwent LT for HCV-related cirrhosis at our institution between December 1993 and February 2013.
Recipients were enrolled in three arms according to IS treatment: patients who completely weaned from IS therapy after LT (TOL); patients who received CNI monotherapy at low dose (CNI group); patients who were treated with Antimetabolites monotherapy (MMF group).
Patients who were included in the study were: LT recipients with at least 3 years of post-operative follow-up with normal baseline liver graft function tests (i.e., aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase and gamma glutamyltransferase); patients receiving an IS regimen CNI (CsA or Tac) monotherapy at low dose (defined as Co blood levels < 100 ng/mL and Tac blood levels < 5 ng/mL); MMF or coated mycophenolate sodium (ECM-PS) monotherapy or recipients who achieved IS-free state (IFS) (i.e., patients who reached a state of operational tolerance[14] for at least 48 mo without liver transplant rejection) (TOL). We excluded those recipients who were under two or more IS drugs after the first post-transplant period, or that showed basal liver function tests and/or liver biopsy-proven rejection or another transplant disorder, or the presence of significant medical complications at enrolment. 
The baseline characteristics of the three groups are reported in Table 1. The study was approved by the Institutional Ethics Committee.

Liver histology
All liver biopsies obtained during the period of observation were considered. Liver biopsies were obtained yearly during the follow-up period and additional biopsies were eventually taken whenever an acute rejection was suspected. For the TOL group, protocol biopsies were also performed at 6, 12, 36, 48 mo after IS withdrawal. Histological examinations were carried out by experienced pathologists blinded to the patients’ clinical status and the assigned therapy, except for the knowledge of a previous transplantation due to HCV-related end-stage liver disease. Biopsies were scored for the grade of necro-inflammatory activity and stage of fibrosis according to Ishak scale[16] and also examined to exclude features of acute or chronic rejection or other relevant findings. Acute rejection was defined according to standard criteria; chronic rejection was assessed according to Banff classification rejection activity index[17]. The yearly biopsy fibrosis progression rate was calculated as the difference between the staging score in the last liver biopsy and the baseline biopsy divided by the years of follow-up[18]. Liver specimens were obtained percutaneously using 1.6 mm modified Menghini needles. To minimize sampling errors, only specimens that were longer than 1.5 cm and wider than 1.4 mm were considered, including ≥ 8 portal tracts[19]. Specimens were formalin-fixed and paraffin-embedded for histological analysis. 5-ìm sections were stained for hematoxylin and eosin, as well as the Masson's trichrome stain of collagen and cytokeratins for the assessment of ductopenia.

Virological assays
Levels of serum HCV-RNA were quantified using a competitive reverse transcription-polymerase chain reaction analysis (Amplicor, Roche Molecular System, Inc., Branchburg, NJ, United States). HCV genotypes were assessed using the Inno-Lipa HCV (Immunogenetics, Zwijnaarde, Belgium). HCV-RNA serum levels > 500 × 103 IU/L were considered as high viral replication. Recurrent hepatitis C was defined by the concomitance of detectable serum HCV-RNA and histological signs of recurrent disease[1].

Statistical analysis
Data were collected retrospectively from a prospective database (Microsoft Access 2.0, Microsoft Corporation, United States). Categorical variables were analysed using Fisher’s exact test (F test). The normal continuous data were analysed using parametric test (t test). Statistical results were expressed as mean ± standard deviation. A P-value of < 0.05 was considered significant. The program used for statistical analysis was SPSS® 13.0 (233 South Wacker Drive, Chicago, United States) for Mac.

RESULTS
Study population 
This retrospective study evaluated all patients who received cadaveric LT at our institution between December 1993 and February 2013. Out of 476 liver recipients, 184 (38.7%) patients received LT for HCV-related cirrhosis. Out of these 184 HCV patients, 36 (19.6%) were enrolled and divided in three groups: 10 recipients were in TOL group, 15 in MMF group, and 21 patients in CNI group. We considered the baseline as the start of IS withdrawal for the TOL group (83 ± 30.6 mo), the time of start antimetabolites monotherapy for the MMF group (89.1 ± 40.1 mo) (P = 0.79) and for the CNI, to match the group well, we took into account only those recipients who achieved the 6th year of follow-up from LT (mean follow up from LT: 83 ± 29.1) (Figure 1). All LT recipients included in the study received in the immediate post-operative period IS regimen based on CNI (CsA or Tac)  azathioprine  steroids. Azathioprine and steroids were withdrawal within the first 3 mo from LT. None received boluses of steroids or antibodies therapy during the entire follow-up, and no rejection episodes were recorded. After a mean follow-up of 6 years, all patients were alive, except for one patient in the CNI group. 

Immunosuppression
Tolerant group: Of the 23 tolerant patients followed by our Institution, 10 were included in the present study (8M/2F, mean age at baseline 59 ± 5.6 years). HCV-related cirrhosis represented the indication to LT, except for one patient who presented hepatocellular carcinoma. Before treatment discontinuation, 8 recipients received CsA monotherapy at low doses, one Tac monotherapy (1.5 mg/d) and one was under MMF (1500 mg/d). Treatment was gradually withdrawn following the Tor Vergata criteria[14]; after a mean time from LT of 83 ± 30.5 mo. Tapering of treatment proceeded without any clinical and biochemical signs of rejection. Eight (80%) patients received low dose ribavirin (400 mg/d) before and during the study period. After a mean follow-up of 80 ± 15.1 mo from weaning, all recipients were alive; one patient had IS resumption after 153 mo from LT and 94 mo from IS withdrawal due to kidney transplantation. 

MMF group: Fifteen adult HCV-LT recipients under Micophenolate monotherapy (11M/4F, mean age of 57.7 ± 6.12 years) achieved the inclusion criteria for the study. LT Indications were HCV-cirrhosis in 13 cases (86.7%), HCV cirrhosis associated with HCC in two cases (13.3%). After a mean follow-up of 89.1 ± 40.1 mo from LT, recipients were switched to MMF (n = 12) or ECM-PS (n = 3) from CNI monotherapy at daily doses of 1500 mg and 1440 mg respectively. Nine patients (60%) were switched to MMF for renal impairment CNI-related (defined as an estimated glomerular filtration rate < 60 mL/min/1.73 m2) and 6 patients (40%) for hyperlipidaemia (serum cholesterol > 240 mg/dL and/or triglycerides > 150 mg/dL). Seven (46.6%) patients received low dose ribavirin (400 mg/d) before and during the study period. After 76.4 ± 36.8 mo of follow-up, all patients were alive and none experienced acute rejection. The mean daily doses were 1250 ± 398.9 mg of MMF or 1440 mg/d of ECM-PS.

CNI group: The CNI group included 21 adult HCV-LT recipients (17M/4F, mean age of 54.7 ± 10.3 years) with a mean follow-up of 83 ± 29.1 mo from LT. HCV-related cirrhosis represented the primary indication for LT for all patients; four (19%) patients had HBV co-infection also and one HCC (4.7%). According to the baseline follow-up of TOL and MMF groups, the baseline was considered as 6-years after LT. At the time of enrolment, 8 patients (38%) were on CsA at low dose (78.6 ± 41 mg/d) and 13 (61.9%) on Tac (1.96 ± 1.2mg/d). After 5 years, all recipients were alive, except one patient who died after 126 mo from HCV recurrence. At the baseline the mean through levels of CsA was Co 86.9 ± 38.4 ng/mL and of Tac was 1.9 ± 1.1 ng/mL. Nine (42.8%) patients received low dose ribavirin (400 mg/d) before and during the study period. 

Histological findings
At least six consecutive yearly biopsies were available for examination for each patient. At baseline there were no differences in the three groups, both in terms of staging (CNI group 2.2 ± 1.7; MMF group 2.5 ± 1.5; TOL group 2.7 ± 0.7) and grading (CNI group 3 ± 2.2; MMF group 3.2 ± 1.6; TOL group 4.1  ± 1.8). Comparing the baseline with 6 year biopsies, no worsening of hepatic fibrosis in MMF group (2.5 ± 1.5 vs 2.9 ± 1.7, P = 0.51) and TOL group (2.7 ± 0.7 vs 2.5 ± 1.2, P = 0.7) was reported. In contrast, a significant increase in the fibrosis score was observed in the CNI group (2.2 ± 1.7 vs 3.9 ± 1.6, P = 0.008). After six years of follow-up, no differences have been reported in grading score for CNI group (2.79 ± 1.9, P = 0.7), MMF group (3.2 ± 1.5, P = 0.9) and TOL group (3.1 ± 1.4, P = 0.2) (Table 2). The yearly fibrosis progression rate was significantly worse in CNI group than in MMF group (0.32 ± 0.35 vs 0.03 ± 0.31, respectively, P = 0.03) and TOL group (-0.02 ± 0.27, P = 0.02), but no difference of fibrosis progression rate was reported for TOL group compared to MMF group (-0.02 ± 0.27 vs 0.32 ± 0.35, respectively, P = 0.7) (Figure 2).

Biochemical and virological findings
No significant LFT differences or clinical evidence of rejection was observed in the three groups during the entire follow-up period. Also, after 6 years of follow-up, no difference in terms of HCV-RNA blood levels has been reported in all groups (Table 3).

DISCUSSION
Since HCV graft infection is an universal complication in HCV-LT recipients and represents the primary cause of graft loss, the management of HCV recurrence is the most challenging issue in the scientific transplant community. Even though a variety of pre- and post-transplant factors have been associated with the severity of HCV recurrence, only a few can be modulated. Several strategies, mostly based on antiviral therapy and IS treatment modulation, have been evaluated to avoid graft injury[3-9]. Antiviral therapy could be administrated before LT to suppress the viral replication and reduce the risk of recurrence, as well as in the early post-transplantation to prevent fibrosis progression. The current antiviral standard of care consists basically of PEG-IFN/RBV treatment, but sustained viral response is achieved only in 30% of patients. Treatment is commonly used in select transplant recipients, because its efficacy may be limited by comorbidities and side effects, requiring dose reductions or discontinuation[20,21]. Recently, the new era of antiviral treatment consists of direct-acting antivirals (i.e., protease inhibitors, polymerase and other non-structural proteins inhibitors), but their benefits still need to be evaluated in relation to their poor tolerance and drug-drug interactions, particularly with IS medications[22].
Therefore, IS modulation still plays a central role because it remains one of the few features that could be modified by physicians although the ideal IS regimen for HCV recipients is yet to be defined. It is well known that IS treatment is directly correlated to the course of HCV recurrence because drugs and their doses influence the immune response against graft reinfection and the progression of liver fibrosis[1-5], but data available is limited by the lack of routine protocol liver biopsies and the heterogeneity of IS regimens reported. 
The current strategy of IS treatment for HCV LT recipients, is based on few agreements. Regarding the use of steroids in literature it is well reported that: (1) repeated corticosteroid boluses for acute cellular rejection should be avoided because they are associated with increased viral replication and worse recurrence of disease[23]; (2) in maintenance therapy, steroid withdrawal in slow fashion has shown a “protective role” despite a fast interruption, this may be due to the exposure of HCV-infected cells to a suddenly-restored immune system[24]; and (3) ab initio steroid avoidance reduces the infective and metabolic complications that may aggravate the natural history of the disease[25] . Although treatment of graft rejection with anti-lymphocyte therapies has been associated with severe HCV recurrence[6], De Ruvo et al[26] retrospectively observed that 22 HCV patients who were treated with Tac and thymoglobulin did not show an increase in mortality, rejection or severity of disease vs those treated with Tac and steroids. 
CNI remains the main immunosuppressant in LT recipients[3,6]. Most studies which compared Tac with CsA in HCV recipients have shown no difference in graft or patient survival and fibrosis progression[27,28]. However, a recent meta-analysis based on 16 randomized controlled trials concluded that Tac improved graft and patient survival and prevented rejection compared to CsA[10,11]. This result was confirmed by a recent study registry which concluded that Tac therapy instead of CsA increases the HCV-graft survival[29,30]. 
Antimetabolites are currently associated with CNI and steroids, with the aim to reduce CNI nephrotoxicity. MMF has shown a positive impact on fibrosis progression in HCV recipients either alone[31,32] or in association with CNI at low doses[33]. 
Data available on mammalian target of rapamicyn inhibitors is mainly on recipients with HCC and HCV infection, and histological outcomes are not reported[34,35] .
Therefore, since the only clear recommendation for the HCV LT population is to avoid over-immunosuppression, we think that achievement of IS minimization, defined as the attainment of a state in which IS drugs are decreased down to levels that do not cause clinically significant side effects yet prevent rejection[36], or when the IFS may have a favorable impact on decreasing HCV recurrence. 
In the present study, we reviewed the long-term fibrosis progression based on more than 200 liver biopsies in a cohort of 36 HCV LT recipients, who received IS monotherapy or no treatment. After six years, we recognized that IS withdrawal as well as MMF monotherapy favorably impacted the natural history of the disease with respect to low dose CNI. Although in 2006 Samonaski et al[37] reported a significantly lower fibrosis rate in HCV recipients who received CNI monotherapy, we discourage its long term use in HCV recipients even if minimized due to a faster progression of the disease. 
Differently, this study confirms that long-term MMF monotherapy is not related with a higher risk of rejection or with fibrosis progression. In fact, as previously reported in a well-matched analysis of 15 HCV recipients under MMF monotherapy vs those treated with CNI, the MMF group showed a slowed progression of the disease[32]. The data was in agreement with Bahra et al[34], who also did not find progression of necro-inflammatory activity and fibrosis in 40 recipients who were treated with MMF and low dose of CNI. Thus, in literature, limited data is available about the clinical impact of MMF on its antifibrotic proprieties in HCV recipients[38,39]. We are convinced that MMF can be safely administered not only in association with CNI at low dose, in order to reduce CNI side effects[40,41], but also as a monotherapy in order to reduce severity of HCV recurrence. This is also supported by the fact that specific IS agents may elicit negative effects on the disease with an indirect mechanism. In particular, it has been reported that insulin resistance and diabetes, common side effects of long-term CNI administration, are associated with higher fibrosis progression after LT[42,43]. Therefore, the use of a IS regimen with reduced or absent metabolic side effects, as MMF, could be a possible strategy that may slow post-transplant disease progression[8].
Moreover, the absence of fibrosis progression in the TOL group confirms our hypothesis that the less potent the drug, the slower the natural course of hepatitis C. Literature reports 21 cases of IFS in HCV LT recipients[5]. Unfortunately, in most studies, protocol liver biopsies were not performed thus histological data is not available. Only the Tor Vergata group reported the pathological findings over a period of 10 years[44]. Of the 34 HCV patients originally enrolled to the weaning study, 6 were off IS for over 10 years. These recipients have been followed and compared to those who could not achieve IS withdrawal. When baseline biopsies were compared with 10-year biopsies, the Tolerant-HCV patients showed an improvement in grading and no difference in staging, meanwhile in the non-Tolerant-HCV group, staging increased. In terms of the fibrosis progression rate at 10 years, the Tolerant-HCV patients showed a slower progression of tissue damage than the non-Tolerant patients. At the last biopsy taken, 63% of non-Tolerant-HCV patients showed features of advanced fibrosis[defined as a fibrosis > 4 according to the Ishak score[45] and 40% frank cirrhosis]. On the contrary, none of the patients in the Tolerant-HCV group presented with either advanced fibrosis or cirrhosis, and no evidence of early or late chronic rejection was ever observed during the follow-up.
Even if it may not be possible to draw a definitive conclusion on the basis of this data, the major strength of this study derives from the availability of yearly protocol liver biopsies in all patients, which allowed us to minimize potential biases attributable to sampling errors by different specialists, and to closely monitor the histological evolution of recurrent HCV-related disease. We are convinced that even though the ideal IS in the HCV transplant setting is yet to be defined, HCV recipients could benefit from a “tailored IS regimen”, with the final goal of achieving a permanent and complete IS withdrawal. The recipients who could be safety weaned off IS could be identified immediately after LT by searching the biomarkers that are able to predict the state of tolerance. This could allow for the reduction of risk for IS withdrawal failure and also attempt the weaning process before fibrosis occurs[46]. Therefore, IS minimization may represent a valid alternative in those recipients who are not able to achieve the IFS. To this regard, MMF or EC-MPS monotherapy represents a alternative to CNI, either alone or in association with a low CNI dose to contrast the histological liver damage. 
In conclusion, although our finding must be confirmed by a large prospective trial, the long term LT recipient should always be considered for withdrawal. In those who require IS, the use of antimetabolites as MMF or EC-MPS should be considered in spite of a low dose of CNI. 

COMMENTS
Background
Hepatitis C virus (HCV) graft reinfection is universal after liver transplantation in patients who were HCV-RNA positive at the time of transplant and has an accelerated progression to fibrosis compared to non-transplanted patients. This leads to cirrhosis in about 30% of the recipients within 5 years of transplantation. Immunosuppression (IS) is one of the main variables responsible for the degree of progression of HCV disease recurrence. The transplant community is in agreement that a high maintenance IS regimen and corticosteroid bolus should be avoided in HCV recipients.

Research frontiers
After liver transplantation for HCV-end stage liver disease, the IS treatment most commonly reported in literature is based on calcineurin inhibitor (CNI) at low dose associated with a second IS agent with or without steroid maintenance. The IS-free state seems to improve the natural history of the disease but, right now, only a very few patients could achieve a tolerant status. The research hotspot is to identify the optimal IS regimen for HCV recipients after LT in order to reduce the severity of HCV graft infection and the IS long-term toxicity. 

Innovations and breakthroughs
Few studies proposed that IS minimization, and when possible, IS withdrawal might reduce HCV fibrosis progression allowing higher immune response against HCV re-infection. Drugs most commonly used in monotherapy are CNIs (cyclosporine or tacrolimus), but were associated with long-term side effects. Therefore, mycophenolate (MMF) monotherapy was introduced to reduce CNI-long term toxicity (in particular nefrotoxicity and hiperlipidaemia). Nowadays, in the era of immune tolerance, also the impact of completely withdrawal of IS has been investigated on the severity of HCV recurrence after LT. It has been reported that IS weaning determinates a lower HCV fibrosis progression rate and improves IS side effects. Therefore, authors evaluate the effect of long-term CNI and MMF monotherapy, compared to IS withdrawal on the fibrosis progression rate in HCV recipients. 

Applications 
The study results that IS withdrawal and MMF monotherapy is safe and seems to be associated with the slowest fibrosis progression in HCV recipients. Therefore, IS minimization and, when achievable, IS withdrawal might represent the new goal for HCV recipients after liver transplantation.

Terminology
HCV recurrence: defined by the presence of HCV-RNA in serum and/or liver alone, while diagnosis of disease recurrence requires histological confirmation. Clinical operational tolerance: was defined as the complete discontinuation of IS with normal graft function and without features of acute and chronic rejection. IS minimization: defined as the attainment of a state in which IS drugs are decreased down to levels that do not cause clinically significant side effect and yet prevent rejection.

Peer review
The present study reviewed the long-term fibrosis progression in HCV LT recipients, who received IS monotherapy or were off any drugs. This study confirms also that long-term MMF monotherapy is not related with higher risk of rejection episode. The results are interesting and suggest that IS minimization may represent a valid alternative in those recipients who are not able to achieve the IFS.
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Figure 1 Study design. The three groups were represented by: Mycophenolate (MMF), calcineurin inhibitor (CNI) and TOL. All patients had a minimal follow up of 6 years from LT at the enrollment and were followed with yearly liver biopsy for 6 years.
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Figure 2 Mean fibrosis progression rate of the three groups in 6 years of follow up. FPR: Fibrosis progression rate; CNI: Calcineurin inhibitors; MMF: Mycophenolate.

Table 1 the baseline characteristics of the three groups n (%)
	Variable
	Tol group
	CNI group
	MMF group
	P-value

	Patients (n)
	10
	21
	15
	NS

	
	
	
	
	

	Age (yr) al TX
	52.4 ± 5.5
	54.7 ± 10.3
	50.4 ± 5.7
	NS

	
	
	
	
	

	Gender (M/F)
	8M/2F
	17M/4F
	11M/4F
	NS

	
	
	
	
	

	BMI
	26 ± 3.9
	27 ± 3.4
	27 ± 2.9
	NS

	
	
	
	
	

	Donor age (yr)
	35 ± 13
	44 ± 17.9
	33 ± 18
	NS

	
	
	
	
	

	Follow-up from LT (mean)
	83 ± 30.5
	83 ± 29.1
	89 ± 40
	NS

	
	
	
	
	

	HCV genotype 1-4 
	2 (20)
	6 (28.5)
	6 (40)
	NS

	
	
	
	
	

	HCV genotype 2-3 
	1 (10)
	3 (14.2)
	2 (13.3)
	NS

	
	
	
	
	

	HCV-RNA > 500000 IU/mL
	70
	42.8
	46.6
	NS

	
	
	
	
	

	Anti-HBc positive recipients
	None
	4 (19)
	1 (6.6)
	NS

	
	
	
	
	

	Cholestatic hepatitis 
	None
	None
	None
	NS

	
	
	
	
	

	HIV positive
	None
	None
	None
	NS

	
	
	
	
	

	Azathioprine treated 
	1 (10)
	7 (33.3)
	9 (60)
	NS

	
	
	
	
	

	Mean ALT (IU/L)
	71.1 ± 54.2
	53.9 ± 33.7
	59.4 ± 45.6
	NS

	
	
	
	
	

	ACE-inhibitors treated 
	3 (30)
	None
	1 (6.6)
	NS

	
	
	
	
	

	IDDM   
	3 (30)
	7 (33.3)
	4 (26.6)
	NS

	
	
	
	
	

	Baseline Fibrosis score (Ishak)
	2.7 ± 0.7
	2.2 ± 1.7
	2.5 ± 1.5
	NS

	
	
	
	
	

	Baseline Grading score (Ishak)
	4.1 ± 1.8
	3 ± 2.2
	3.2 ± 1.6
	NS

	
	
	
	
	

	Treated with ribavirin
	8 (80)
	9 (42.8)
	7 (46.6)
	NS

	
	
	
	
	

	Patients who achieved SVR 
	2
	8
	5
	NS

	
	
	
	
	

	Rejection episode
	None
	None
	None
	NS

	
	
	
	
	

	Boluses of steorids after LT
	None
	None
	None
	NS

	
	
	
	
	

	Antibodies after LT
	None
	None
	None
	NS

	CMV infection after LT
	1 (10)
	2(9.5)
	1(6.7)
	NS

	
	
	
	
	

	Total ishemica times (min)
	502 ± 133.8
	456 ± 86.5
	411 ± 127.6
	NS

	
	
	
	
	

	Liver donor's steatosis
	None 0 (20) Mild 2 (10) Severe 0 (0)
	None 17 (81) Mild 3 (14.3) Severe 1 (4.8)
	None 14 (93.3)  Mild 1 (6.7) Severe 0 (0)
	

	
	
	
	
	

	
	
	
	
	


HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; CNI: Calcineurin inhibitors; MMF: Mycophenolate; BMI: Body mass index; CMV: Cytomegalovirus; LT: Liver transplantation; SVR: Sustained virologic response; IDDM: Insulin dependent diabetes mellitus; NS: Not significant.


Table 2 The three groups data at baseline and after 6 years of follow up
	　
	Tol group
	CNI group
	MMF group

	Variables
	Baseline
	6 yr
	P-value
	Baseline
	6 yr
	P-value
	Baseline
	6 yr
	P-value

	Grading 
	4.1 ± 1.8
	3.1 ± 1.45
	NS
	3 ± 2.2
	2.8 ± 1.9
	NS
	3.2 ± 1.6
	3.25 ± 1.54
	NS

	Staging 
	2.7 ± 0.7
	2.5 ± 1.2
	NS
	2.2 ± 1.7
	3.9 ± 1.6
	0.008
	2.5 ± 1.5
	2.9 ± 1.73
	NS


CNI: Calcineurin inhibitors; MMF: Mycophenolate; NS: Not significant.


Table 3 Main clinical findings after 6 years of follow up 
	
	Tol group
	CNI group
	MMF group
	P value

	Variables
	6 yr
	6 yr
	6 yr
	Tol vs CNII
	Tol vs MMFF

	Patients (n)
	10
	21
	15
	
	

	Death (n)
	0
	1
	0
	
	

	ALT (IU/L)
	71.1  ± 54.2
	53.9  ± 33.7
	59.4  ± 45.6
	NS
	NS

	Creatinina
	1.3  ± 0.5
	1.28  ± 0.5
	1.7  ± 1.6
	NS
	NS

	Cholesterol
	153.6  ± 55.2
	161.9  ± 43.2
	155.9  ± 30
	NS
	NS

	Triglycerides
	130.6  ± 64.1
	125.4  ± 45.6
	121.8  ± 39.8
	NS
	NS

	HCV-RNA > 500000 IU/mL
	70
	42.8
	46.6
	NS
	NS

	Recurrent infections1 
	0
	42.8
	40
	0.029
	0.019

	Cardiovascular diseases 
	50
	23
	6.6
	NS
	NS

	Diabetes 
	30
	33
	27
	NS
	NS

	Dyslipidemia 
	50
	19
	13
	NS
	NS

	FPR
	-0.019
	0.32
	0.02
	0.02
	NS


1Urinary and bronchopulmonary infections. FPR: Fibrosis progression rate; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; CNI: Calcineurin inhibitors; MMF: Mycophenolate; NS: Not significant.


image2.png




image3.png




image4.png




image5.png




image6.png




image7.png




image8.png




image9.png




image10.png




image11.png




image12.png




image13.png
FPR

0.6

0.4

0.2

-0.2

0.4

CNI

MMF

TOL




image1.png




