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Cyclosporine is an immunosuppressant drug with antiviral activity in vitro against hepatitis 

C. We performed a pilot study to prospectively determine the safety, tolerability, and influence 

of cyclosporine vs. tacrolimus on viral response during therapy with Pegylated Interferon [PEG 

(alfa)-2a] and ribavirin in liver transplant recipients with recurrent hepatitis C infection. Thirty-

eight patients were enrolled and randomized to continued tacrolimus or switched to cyclosporine 

at the University of Florida. Patients received PEG (alfa)-2a and ribavirin for 48-weeks if they 

have genotype 1, or 24 weeks if genotype 3. From the 38 patients, 20 patients received 

tacrolimus and 18 cyclosporine with a mean age of 53. Eighty-two percent were men, 84% 

Caucasian and 90% genotype 1. Sustained viral response for patients on cyclosporine was higher 

than in patients on tacrolimus receiving PEG/RBV therapy.  This randomized-controlled pilot 

study is the first in vivo study evaluating cyclosporine vs. tacrolimus in liver transplant recipients 

undergoing antiviral therapy. Change from tacrolimus to cyclosporine led to a modest hepatitis C 

RNA drop and appeared to enhance the antiviral response of PEG (alfa)-2a and ribavirin, but this 

was not statistically significant. A larger randomized study will be necessary to determine if 

cyclosporine offers an advantage over tacrolimus in post transplant patients. 
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 CHAPTER 1 
INTRODUCTION 

Approximately three percent of the world’s population is infected with Hepatitis C (HCV) 

and 3.2 million persons have chronic HCV infection in the United States.(1) HCV infection may 

progress to end-stage liver disease, the most common indication for liver transplantation (LT) in 

the United States.(2)  Unfortunately,  HCV recurrence is universal after LT and  continues to be 

responsible for allograft failure in about ten percent of recipients by the fifth postoperative 

year.(3) The increasing use of potent immunosuppressive agents and marginal (older) donors 

have been implicated in aggressive disease recurrence and graft loss.(4) Recurrence of HCV 

leads to a cumulative probability of clinical decompensation of 22% at one year, and 54% at 

three years after cirrhosis developed.(5) Unfortunately, due to very poor postoperative survival, 

re-transplantation is often not an option.(6) In this study, we analyzed the impact of cyclosporine 

(CsA) immunosuppression on HCV replication and the response to interferon-based therapy 

within our LT population. 

Cyclosporine and tacrolimus (TAC) are the two most frequently used immunosuppressive 

drugs in solid organ transplantation. CsA has been shown to have antiviral activities (human 

immunodeficiency virus type I(7), herpes simplex virus(8), and vaccinia virus(9)) and recent 

studies have shown that CsA has a strong suppressive effect on HCV replication as well.(10) 

This CsA antiviral effect was found to be independent of its immunosuppressant function and 

was not noted with TAC. We have also demonstrated in a previous laboratory study that CsA 

suppresses HCV replication and viral nonstructural protein synthesis using a sub-genomic HCV 

replicon system.(11) Nakagawa et al. demonstrated in vitro that the  HCV replication is mediated 

by blocking specific intracellular ligans of CsA known as cyclophilins. (12) Watashi and 

colleagues also demonstrated decrease of specific HCV proteins and HCV RNA in the replicon 
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cell system.(10) Replication using the genotype 2a JFH1 strain was less sensitive to CsA 

showing the diverse effects of CsA on HCV.(13) This invitro data has led to clinical 

applications. CsA appears to have a beneficial impact on HCV antiviral therapy when combined 

with interferon.(14)  

Cyclosporine or TAC based immunosuppression does not appear to have a significant 

impact in the frequency or severity of recurrence HCV after LT.(15) However, long term studies 

in patients naïve to antiviral therapy after LT have shown that patients on TAC have a higher 

biochemical recurrence (83%) compared to CsA (72%) in up to 37 months of follow up.(16) 

Histologic recurrence was also seen in 100% of the patients on TAC vs. 87% of the patients on 

CsA.(16)  Other groups have shown higher graft survival and lower incidence of fibrosing 

cholestatic hepatitis in LT recipients on CsA-based immunosuppression.(17) However, several 

conflicting reports have also been published regarding the efficacy of CsA in the LT population; 

therefore, significant uncertainty regarding the potential role of CsA in the HCV transplant 

recipient remains.(18-21) We hypothesize that CsA may help achieve a higher sustained viral 

response in patients receiving antiviral therapy for recurrent HCV after LT. The results of this 

pilot study would be used as hypothesis generating data and to power future studies to assess the 

influence of CsA vs. TAC on viral response in treatment of post-transplant HCV. 
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CHAPTER 2 
MATERIALS AND METHODS 

Study Design 

This is a randomized, single-center controlled study comparing two different 

immunosuppression regimens (CsA and TAC) in patients with recurrent HCV after LT 

undergoing antiviral therapy for HCV. Only adult HCV LT recipients who were naïve or who 

have never received interferon-based therapy following LT were enrolled in this study. The 

duration of the study was 72 weeks for genotype 1 (48 weeks of treatment and 24 weeks of 

follow up), and 48 weeks for genotype 3 (24 weeks of treatment and 24 weeks of follow up). The 

study was conducted at the University of Florida in Gainesville between July 2004 and April 

2008. Patients attended clinic visits at the time of randomization (baseline) and at 12-weeks 

intervals for 72 weeks. All other forms of liver disease (e.g., alcoholic cirrhosis, hepatitis B 

virus, autoimmune hepatitis, and genetic diseases) were excluded from our study population. All 

patients gave written informed consent before the initiation of the study. The study was approved 

by the Western Institutional Review Board at Olympia, WA. 

Entry Criteria 

At our center, patients undergo protocol liver biopsies to assess for recurrence of disease and 

staging after LT for HCV. All patients who were transplanted for HCV were considered eligible for 

screening using the following inclusion criteria: 1) males and females age 18 years or older able to 

provide a written informed consent, 2) willing to practice acceptable birth control during the study 

period, 3) elevated aminotransferases (ALT), 4) detectable HCV RNA by polymerase chain reaction 

(PCR), 5) a liver biopsy after LT consistent with chronic HCV. The biopsy must have Ishak Stage  

2 to be considered for treatment. Patients were excluded if they have previously received any 

interferon-based therapy after LT, had decompensated cirrhosis, hemoglobin <12g/dl, 



 

12 

WBC<3,500/mm3, platelets < 75,000/mm3, Human immunodeficiency virus infection, pregnancy, 

positive HbsAg, history of coronary artery disease, history of seizure disorder, poorly controlled 

autoimmune conditions, thyroid dysfunction, diabetes mellitus, major psychosis, intolerance to 

previous interferon-based therapy other than anemia or neutropenia, history of suicidal ideation or 

suicidal attempts, creatinine > 2.0 mg/dl, severe non-hepatic illnesses. Documentation of acceptable 

contraception in sexually active men and women of childbearing potential was required during 

treatment period and for 6 months after discontinuation of the drugs.  

Sample Size 

A power analysis was conducted for the primary hypothesis based on differences in SVR between CsA 

and tacrolimus in our preliminary data. Given a mean SVR difference of 20-30%, we will be able to 

detect mean differences with 110 patients per group; 10 additional subjects added to compensate for 

drop-out at alpha=0.05 (two tailed) at a power of .80.  (SPSS version 16.0 for Windows, SPSS Inc., 

Chicago, IL). Overall, we estimated that approximately 38 subjects randomized between the two arms 

would be a reasonable pilot study to help test the superiority of CsA in this population.  

Randomization 

Participants were assigned to interventions by using random allocation. Randomization was 

performed using computer generated random numbers. One hundred and fifty patients were 

assessed for eligibility (111 were excluded from the analysis, mainly because they did not have 

an Ishak Stage  2) and 39 met entry criteria for enrollment in the study. Subjects with HCV 

recurrence (Ishak Stage  2) were enrolled and randomized to stay on TAC or to change to CsA 

for baseline immunosuppression with 1-month washout period before initiation of therapy with 

PEG -2a and ribavirin for 48 weeks for genotype-1, or 24 weeks for genotype-3. HCV-RNA 

was assessed at entry, week 12, 24, 48, and six-months post-treatment. Liver biopsies were 
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performed at inclusion and at end-of-treatment. Proper allocation concealment was followed. 

The patients were not blinded to group assignment once they were randomized to one of the 

immunosuppressants.  

Immunosuppression 

Standard immunosuppression at the time of transplantation consisted of TAC in 

combination with prednisone. Patients receiving TAC were treated with a dose of 0.08-0.12 

mg/kg/day orally in two divided doses with target trough whole blood concentrations of 10-15 

ng/ml for the first month post-transplant followed by 5-10 ng/ml thereafter. Immunosuppression 

was typically tapered to monotherapy (TAC alone) within 4-6 months of transplantation. 

Prednisone was discontinued between month 4 and 6 of transplantation as per our transplant 

protocol for HCV patients. Patients randomized to CsA had TAC discontinued and were treated 

with CsA at a dose of 2.0-4.0 mg/kg/day orally in two divided doses with target trough whole 

blood concentrations of 150-200 ng/ml. There was no difference in the average steroid dose 

between the two groups.  

Interferon-Based Therapy 

Combination therapy with interferon and ribavirin was utilized in those patients with 

significant fibrosis (Ishak fibrosis stage > 2) on protocol or indication liver biopsy. Therapy was 

initiated at a modified dose [PEG interferon alfa-2a 135 g and ribavirin 400-600 mg daily] for 2 

weeks, and if tolerated, the dose was increased to full dose [PEG interferon alfa-2a 180 g 

weekly and ribavirin 800-1,200 mg daily].  Ribavirin dosage was based on weight; patients < 75 

kg received 800 mg and > 75 kg 1000 mg. Hemoglobin, white blood cell count, and platelet 

count were monitored weekly for the first four weeks and then monthly thereafter. Dose 

reduction was performed as follows: if PMN < 750 or platelets < 35,000/ L, the interferon was 
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reduced one level; if PMN < 500 or platelets < 25,000, therapy was stopped; hemoglobin < 10 

mg/dl, ribavirin was reduced to 600 mg per day; if hemoglobin < 8 mg/dl the ribavirin was 

discontinued. Erythropoietin was used to prevent ribavirin discontinuation when possible. 

Neupogen was also allowed to treat neutropenia to avoid discontinuation. Therapy was 

discontinued in any patient who developed moderate to severe rejection, systemic bacterial 

infection, severe neuropsychiatric symptoms, or symptomatic anemia. The intended duration of 

treatment was 48 weeks for genotype 1 and 24 weeks for genotype 3.  

Hepatitis C RNA Testing 

Serum HCV RNA values were measured at entry into study, one month after switch to CsA 

(washout period), Day 0 of treatment, 12 weeks, 24 weeks, 48 weeks or end-of-treatment (ETR) 

and 6-months after completion of interferon-based therapy to assess for the presence of a 

sustained viral response (SVR) in those patients with a negative HCV at ETR. The HCV RNA 

titer was determined using a branched DNA signal amplification assay (Quantiplex HCV RNA; 

Chiron Corporation, Emeryville, CA). Serum samples that tested negative by the branched DNA 

assay were analyzed using RT-PCR with a sensitivity of about 10-200 copies (Qualitative 

Amplicore HCV Test; Roche, Mississauga, Ontario, Canada).  

Histology 

Protocol liver biopsies were performed in our institution at month 4, yearly or when 

clinically indicated after transplant. Recurrent HCV disease was scored for inflammation and 

fibrosis, using the modified Knodell scoring system of Ishak. (22) Patients treated were those 

with Ishak score  2. Liver biopsies were repeated at the end-of-treatment for evaluation of 

histological changes after completion of treatment.  
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End Point 

The primary end point was to perform a pilot study to determine the effect of CsA in viral 

clearance in the LT recipients with recurrence HCV during therapy with combination of 

interferon and ribavirin.  

Statistical Analysis 

Data are presented as median (range) for continuous variables and as frequencies for 

categorical variables. Comparisons between the two groups (SVR vs. NR) were performed with 

Pearson chi-square tests or Fisher's exact test for categorical variables, and Mann Whitney U test 

for continuous variables.   Statistical analysis was performed with statistical software (SPSS 16.0 

for Windows 2007; SPSS Inc., Chicago, IL).  
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CHAPTER 3 
RESULTS 

Characteristics of the Patients 

The primary analysis was intention-to-treat and involved all patients who were randomly 

assigned to intervention. Of the 1,146 adult liver transplants performed at our institution from 

1991 to 2006, 474 transplants were performed for the indication of HCV cirrhosis. Nineteen 

patients were randomized to receive CsA and 20 patients were randomized to continue TAC as 

immunosuppressant regimen.  All patients were naïve to interferon-based therapy after LT.  

Figure 3-1 illustrates the flow of participants through each stage of the study.(23) One patient 

randomized to receive CsA was not included in the analysis because he/she never received CsA 

or IFN-RBV due to a pulmonary complication prior to dosing. The baseline characteristics were 

similar in both groups except for the mean baseline HCV RNA was higher in the CsA group 

(Table 3-1).  Mean immunosuppression levels for TAC and CsA were maintained between 8-10 

ng/ml for TAC and 100-150 ng/ml for CsA for the duration of the therapy.  

Virologic Response (Serum HCV RNA) 

Prior to initiation of PEG-IFN and RBV and after the one month “washout period”, the 

HCV RNA levels in the CsA group decreased by a mean of 0.39  2 million IU/ML (range -

1.07-7.68)(p=0.5).  Early viral response (EVR), defined as reduction of HCV RNA level by at 

least 2- log IU by week 12 was achieved by 11 (55%) of the patients in the TAC group vs. 13 

(72%) in the CsA group (p=0.2).  Serum HCV RNA became undetectable at 12 weeks in 10 

(50%) and 9 (50%) of the TAC and CsA arms, respectively. Patients that did not achieve the goal 

of at least 2- log drop in HCV RNA were considered non-responders (NR) and treatment was 

discontinued.  End-of-treatment response or undetectable virus at the end of therapy was 

achieved by 9 (45%) of the patients in the TAC group and 9 (50%) of the patients in the CsA 
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group (p=0.7). The relapse rate was 22% for both groups TAC and CsA.  In an intention-to-treat 

analysis of patients receiving at least one injection of IFN, 7 patients out of 20 (35%) in TAC vs. 

7 out of 18 CsA patients (39%) (p=0.8) achieved a SVR (Figure 3-2). For the CsA group, those 

patients that achieved SVR had a significant lower baseline HCV RNA (p=0.02) and lower BMI 

(p=0.04) compared to non-responders. 

In the subgroup of patients with genotype 1 (17 patients in each arm), EVR was achieved 

by 9 (53%) patients on TAC and by 12 (71%) in those on CsA (p=0.3). Seven (41%) in TAC and 

8 (47%) in CsA achieved an ETR (p=0.4). Relapse rate was 14% (1 out of 7) and 25% (2 out of 

8) in the TAC and CsA groups, respectively (p=0.6). There was not a statistically significant 

difference in SVR between the groups, 5 (31%) in TAC group vs. 6 (35%) in CsA group (p=0.5).  

Three patients were genotype 3 in the TAC arm (1 NR, 1 Relapse, and 1 SVR) and 1 patient in 

the CsA arm (1 SVR).   

Serum Alanine Aminotransferase 

Mean serum alanine aminotransferase concentrations (IU/mL) at ETR and end of follow up 

were 52  137 and 27  16 in the CsA arm vs. 52  30 and 53  41 in the TAC arm. There was 

no statistically significant difference between the two groups.  Interestingly, patients on the TAC 

group who achieved an SVR had a significant lower baseline ALT compared to the NR group 

(p=0.01).  

Histological Analysis 

Pretreatment and end-of-treatment liver biopsies were available in 33 (89%) of the patients 

treated. Two biopsies were not available for 2 patients in each arm.  The biopsies not available 

were the ETR biopsies from patients NR to treatment. The mean change in hepatitis activity 

index (HAI) demonstrated an improvement in both groups with a change of - 0.88 units in the 

CsA group vs. - 1.52 units in the TAC group (p=0.1). The mean change in fibrosis stage was + 
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0.11 in CsA vs. - 0.25 in the TAC group (p=0.09), mainly driven by those patients who had an 

SVR.  Histologic improvement was associated with SVR regardless of the treatment arm. Patient 

non-responders to therapy had no change or increase in fibrosis score of 1 or 2 stages.  

Adverse Events 

Three patients had to discontinue therapy during the study in the CsA arm and 2 patients in 

the TAC arm. Patients in the CsA arm discontinued therapy before the 48 weeks for the 

following reasons: one patient (eventual relapser) stopped at week 34 due to significant 

neutropenia, one patient (NR) stopped at week 36 due to anemia, and another patient (NR) 

stopped at week 8 due to acute cellular rejection after IFN therapy was initiated. Patients in the 

TAC arm discontinued therapy before the 48 weeks for the following reasons: one patient 

stopped at week 38 due to high blood pressure and increase in liver function tests, the other 

patient stopped at week 37 due to severe fatigue and itching. Seven patients, 3 in TAC and 4 in 

CsA developed acute cellular rejection.  From the patients that have acute cellular rejection on 

TAC, 2 achieved SVR and 1 was non-responder with negative virus at 12 weeks, but positive at 

6-months. From the CsA group, 1 patient achieved SVR, 1 relapsed, 1 was a non-responder with 

EVR, and one patient that achieved EVR died due to the development of chronic cellular 

rejection after IFN was initiated. Most of these episodes of acute cellular rejection were 

associated with lower than expected immunosuppressant levels in the presence of IFN therapy. 

Dose reduction of PEG-IFN was required in 17 (94%) of the patients in the CsA arm and 12 

(60%) in the TAC arm. This reduction was mainly secondary to neutropenia or 

thrombocytopenia (p=0.02). Dose reduction of RBV was necessary in 16 (89%) and 18 (90%) of 

the CsA and TAC group, respectively (p=1.0). Anemia was the most common reason for RBV 

dose reduction (Table 3-2). Fatigue, depression and headache were the most common adverse 

events seen in both groups.  
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Growth factors were allowed in our study based on the type of population we were treating. 

Epoietin was used in 61% and 75% of the patients on CsA and TAC, respectively (p=0.4). 

Neupogen was also necessary in 50% and 35% of the patients on CsA and TAC, respectively 

(p=0.5). 
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Figure 3-1. Flow diagram of study participants. This figure shows the flow of study participants 
for each group (CsA vs. TAC) in the study. TAC, tacrolimus; CsA, cyclosporine 
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Figure 3-2. Viral response rates. In an intention-to-treat analysis, this figure shows the response 

rate (EVR, ETR, SVR and Relapse) for the study group. TAC, tacrolimus; CsA, 
cyclosporine 

Table 3-1. Baseline characteristics of the patients 

Characteristic                                                                         Cyclosporine                        Tacrolimus 

Male sex, n (%) 13(72) 18(90) 

Mean age ± SD, yr 52.2 ± 6.4 54.4 ± 5.4 
Race (C/AA/H), (%) (89/0/11) (80/10/10) 

Mean body mass index ± SD, kg/m2                   28.1 ± 5.6 32 ± 7.9 
HCV Genotypes, n (%)   

1 17 (94.4%) 17 (85%) 

3 1 (5.6%)                                3 (15%) 
Baseline HCV RNA, IU/ml 7.9 x 106 3.3 x 106 

Alanine Aminotransferase ± SD, 
IU/ml 

107.1 ± 70 .3 142.9 ± 115.5 

Hepatitis Activity Index  ± SD                            4.6 ± 1.4 4.3 ± 1.6 

Fibrosis Score (Ishak)  ± SD                               2.8 ± 1.0 2.2 ± 0.6 

n, number; SD, standard deviation; yr, year; C, Caucasian; H, Hispanic; AA, African American; 
IU, International Units 
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Table 3-2. Rates of adverse events, dose reduction, and discontinuation of treatment 

Variable Cyclosporine Tacrolimus               P value 

Discontinuation  6% 0%  0.47 
      Rejection 22% 15%   0.7 

Chronic cellular rejection 6 % 0%   0.47 
Dose reduction 94% 95%   1.0 
     Interferon reduction 94% 60%    .02 

     Ribavirin reduction 89% 90%  1.0 
     Neutropenia (<750 mm3) 39% 15%  0.1 

     Anemia 78% 90%  0.4 
     Thrombocytopenia 56% 55%  1.0 
Adverse events     

     Headache 33% 30%  1.0 
     Fatigue 44% 60%  0.5 

     Myalgia 11% 15%  1.0 
     Nausea 28% 29%  0.7 
     Fever 22% 25%  1.0 

     Insomnia 28% 50%  0.2 
     Irritability 11% 15%  1.0 

     Depression 39% 50%  0.5 



 

23 

CHAPTER 4 
DISCUSSION 

Hepatitis C after LT continues to be a challenge to the transplant community due to 

detrimental effects on both graft and patient survival. The factors that define disease progression 

are probably multifactorial, but donor age, steroids for early rejection, and HCV status before LT 

are among a few identified as important factors involved in this process. Nevertheless, the impact 

of the primary immunosuppression regimen on disease and treatment outcomes is not well 

defined. A few in vitro studies have shown significant advantage of CsA over TAC in HCV anti-

viral activity in the replicon cell culture system. Nakagawa et al. treated HCV replicon cells with 

CsA showing suppression of viral replication, while Watashi and colleagues treated HCV 

replicon cells with CsA and showed decrease in both HCV proteins and HCV RNA levels. (10, 

12, 24) In our lab, we confirmed previous studies showing a dose-dependent anti-viral activity 

against HCV, independent of classic IFN pathways.(11)  In the clinical setting, we also found 

patients treated for HCV recurrence with IFN-based therapy had a better chance of achieving an 

SVR if they were on CsA for baseline immunosuppression, compared to TAC.(11) Anecdotal 

data from other HCV-experienced centers have suggested similar findings. Thus, we designed 

our trial as the first prospective randomized-controlled study after LT to compare TAC vs. CsA 

in patients treated with PEG-IFN and RBV.  

This first in vivo human study to examine the difference between CsA and TAC in patients 

treated with PEG-IFN and RBV has two main findings. First, when patients were switched from 

a stable TAC dose to CsA, patients experienced a modest decrease in HCV RNA levels, 

suggesting some antiviral benefit to this switch. Secondly, the antiviral response to IFN-RBV 

therapy appeared to be improved with the CsA based regimen, although this small pilot study 

was not powered to show significant SVR differences. We learned from this study that CsA may 
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play a beneficial role as primary immunosuppression for patients transplanted for HCV infection 

and may offer an advantage over TAC in those patients undergoing IFN-based therapy. Despite a 

recent study by Martin et al. showing no significant differences between TAC and CsA on 

histologic HCV recurrence after LT, this earlier study was not intended to show difference 

between the two, when patients were on IFN-based therapy.(25) Previous data from Japan 

showed that a combination of IFN and CsA may increase the activity of IFN against HCV (14), 

but no published data exists about the effect of CsA on HCV infected patients receiving 

treatment after LT. In our randomized study, patients on CsA receiving combination therapy 

with IFN and ribavirin had a better “on-treatment” anti-viral response; however no statistically 

significant differences were found between patients taking CsA vs. TAC.   

Interferon use after LT for HCV recurrence has not consistently been associated with acute 

cellular rejection in most clinical studies.  The rate of rejection varies substantially between 

studies, ranging from a 17%-30% chance of acute cellular rejection with IFN therapy. (26-29)  

Rejection rate in our study was similar to previous reports in post-transplant HCV recurrence. 

Interestingly, 7 (18%) patients developed acute cellular rejection while on therapy. Three 

patients on TAC had rejection, 2 of them achieved SVR despite the episode of acute cellular 

rejection and one was after an initial EVR. Of the 4 patients with acute cellular rejection in the 

CsA group, 1 patient achieved SVR, 2 patients had an EVR (complete EVR is now defined as 

HCV RNA negative) but were non-responders at end-of-treatment, and 1 patient relapsed. 

Therefore, most of the rejection episodes occurred in patients while on treatment with PEG-IFN 

and negative HCV RNA.  One of the most intriguing findings of this study is that most of the 

patients with acute cellular rejection achieved an EVR or SVR. Potentially, as HCV is cleared 

from the liver, improved drug metabolism may lead to lower CsA or TAC levels. Indeed, many 
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of these rejections occurred in the setting of low levels of immunosuppression, supporting this 

concept. In addition, HCV can lead to significant impairment of both the innate and adaptive 

immune response, leading to enhanced immune activity with viral clearance. (30) Given our 

experience in this trial, we now run TAC or CsA levels at higher doses in the setting of HCV 

anti-viral therapy (TAC levels 7-10 ng/ml and CsA levels 150-200 ng/ml).  

The small sample of patients is clearly the biggest limitation of this study. Our study did 

not have enough power to detect such difference given the limited sample size. Another 

limitation of the study is that we did not randomize CsA vs. TAC at time of transplant, but at the 

time of significant HCV recurrence (Stage  2) which may underestimate the impact of CsA. In 

our study, histological improvement was associated with an SVR regardless of the treatment 

arm. Therefore, antiviral therapy not only helps to achieve a sustained response but also to 

decrease inflammation and fibrosis in a population at high risk of rapid fibrosis progression. In a 

natural history study after LT, Clark et al. found that IFN treatment reduces the risk of 

decompensation in patients who achieved an SVR.(5) Therefore, even if advanced disease is 

already present, our results strengthen the argument for aggressive treatment of those with 

recurrent HCV after LT. 
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CHAPTER 5 
FUTURE WORK 

Previous studies have shown that CsA anti-HCV activity does not involve blockade of 

post-translational proteins or IFN genes, and does not have a relationship with 

calcineurin/NFAT-mediated pathway or immunosuppressive properties. However, the anti-HCV 

action is most probably via blockade of cellular CsA-binding proteins, called cyclophilins.(12) 

These molecules may constitute novel targets for anti-HCV therapeutics. Moreover, in the pre-

LT population the use of CsA is less attractive due to its immunosuppressive effects. The 

application of non- immunosuppressive cyclophilin inhibitors with potent ability to suppress 

HCV, like NIM811 (Novartis Pharmaceuticals) or Debio 025 (DebioPharm), open the way for a 

novel approach to anti-HCV treatment that could be complementary to IFN-based treatment and 

also to future treatments such as protease and polymerase inhibitors.  

This first in vivo study does not suggest a potential advantage of CsA in HCV patients 

undergoing antiviral therapy, but definite conclusions based on this pilot study are not possible. 

The results of this study can be used as hypothesis-generating data and to power future larger 

randomized-controlled studies to further investigate these findings. 
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