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Abstract

The increasing demand for organ donors to supply the increasing number of patients on kidney waiting lists has led to most transplant centers developing protocols that allow safe utilization from donors with special clinical situations which previously were regarded as contraindications. Deceased donors with previous hepatitis C infection may represent a safe resource to expand the donor pool. When allocated to serology-matched recipients, kidney transplantation from donors with hepatitis C may result in an excellent short-term outcome and a significant reduction of time on the waiting list. Special care must be dedicated to the pre-transplant evaluation of potential candidates, particularly with regard to liver functionality and evidence of liver histological damage, such as cirrhosis, that could be a contraindication to transplantation. Pre-transplant antiviral therapy could be useful to reduce the viral load and to improve the long-term results, which may be affected by the progression of liver disease in the recipients. An accurate selection of both donor and recipient is mandatory to achieve a satisfactory long-term outcome.
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INTRODUCTION

The increasing demand for available organ donors for kidney transplantation has led many transplant centers to expand their acceptance criteria by including deceased donors with special clinical situations, such as potentially transmittable infections.

Kidney transplantation is nowadays considered the best replacement therapy for patients with end-stage renal disease (ESRD); therefore, there is a clear need to expand the current donor pool. One strategy focuses on the use of donor kidneys with viral hepatitis, and several organ procurement associations have adopted the policy of accepting kidneys from deceased donors with hepatitis C infection.

Defining the natural history of hepatitis C infection in ESRD patients remains difficult for several reasons: the disease extends for many years, and the onset of the disease is frequently unknown[1]. Moreover, the infection is likely to be asymptomatic with an apparently indolent course. HCV infection has been estimated to occur in 7.8%-9.2% of the ESRD population, and fortunately its incidence is slowly declining all over the world[2-5]. ESRD patients have a relative risk of death between 1.41 and 1.78[5-8], and a recent meta-analysis quantified the relative risk of death in ESRD patients with HCV infection as 1.57[9]. The natural history of HCV infection in renal transplant recipients is not well known[10]: most transplant centers do not perform a liver biopsy before transplant and in addition, compared to those with normal renal function, ESRD patients with HCV have lower serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and albumin levels, lower viral loads (usually < 1 million copies/mL), and less hepatic steatosis[11-26]. Moreover, HCV-positive renal transplant recipients may have higher morbidity and mortality, making long-term consequences difficult to assess[1,26].

The presence of anti-HCV antibodies is an independent and significant risk factor for death and graft failure in renal transplant recipients[11], and many transplant centers have recently reported a lower graft and patient survival in HCV-positive recipients[2-5,8,12-25]. Multicenter surveys[17-19] have confirmed that HCV-seropositivity confers an additional risk for death in renal transplant recipients.

There are several factors that may influence patient survival in HCV-seropositive patients: the progression of liver disease[25-27] (although all studies have not incorporated a liver biopsy in the pre-transplant work-up), the immunosuppressive therapy, the development of new-onset diabetes mellitus after transplantation, and the higher risk of cardiovascular disease[1].

However, the benefit in terms of survival advantage of renal transplantation in patients with HCV infection vs long-term dialysis has been demonstrated in many retrospective studies[23-25,28], and no studies have demonstrated a diminished survival after kidney transplantation, so that kidney transplantation should now be considered the treatment of choice for ESRD patients with HCV infection. HCV infection has a negative impact on the survival of ESRD patients due to the increased risk of cardiovascular events[8,9]. Although some studies have reported a high relative risk of death from liver disease of up to 5.79[8], only a small proportion of deaths were attributable to liver disease (2%-14%)[8,9], probably because most patients die of other clinical conditions before the liver disease can progress to a clinically relevant disease.

While survival is improved in this group of patients compared to HCV-infected patients with ESRD who do not undergo renal transplantation, debate in the literature continues as to the short- and long-term outcomes of patients with chronic HCV infection undergoing renal transplantation compared with ESRD patients without HCV infection who are transplanted. It is known that viral loads increase following renal transplantation (1.8- to 30.3-fold): in a recent retrospective study, Gentil Govantes et al[29] found that patients with active viral replication at the time of kidney transplantation had a significantly increased incidence of liver disease and reduced renal function. Moreover, active viral replication was an independent risk factor for post-transplant mortality and graft failure among HCV-positive recipients.

The prevalence of diabetes mellitus is higher in HCV-infected patients post-transplant, and chronic HCV infection is associated with decreased patient and graft survival when compared with patients who are not infected with HCV[26,27]. Additionally, liver failure has been implicated as the cause of death in 8%-28% of renal transplant recipients in the long term[30], and death from hepatocellular carcinoma and cirrhosis was notably higher among hemodialysed patients who were HCV antibody-positive[9]. 

While short-term results are similar to those of patients who are not infected with HCV, data about the long-term outcome of HCV-infected kidney transplants showed a lower graft and patient survival among HCV recipients, with liver failure being the primary cause of death in these patients (10%-22%)[31,32].

KIDNEY TRANSPLANTATION FROM DECEASED HCV-POSITIVE DONORS

The widely accepted opinion that HCV infection may be transmitted from donors with HCV infection with a frequency of 100%[33] has yielded the opinion that HCV-positive kidneys should not be transplanted. However, this policy could determine a discard of about 5% of organ donors, aggravating the organ shortage. A recent survey[7] demonstrated that in 93825 deceased donors in the United States between 1995 and 2009, HCV-positive kidneys were 2.60-times more likely to be discarded. Interestingly, only 29% of HCV-positive recipients received HCV-positive kidneys, and more than 50% of HCV-positive kidneys were discarded. 

Nowadays, many transplant centers have adopted the policy of accepting kidneys from HCV-positive organ donors for HCV-positive recipients, even if the safety of the use of kidneys from HCV-infected donors has not been fully elucidated[34-36]. Evidence suggests that outcomes of HCV-positive recipients who receive kidneys from HCV-positive donors are slightly worse than outcomes of HCV-positive recipients who receive a kidney from similar HCV-negative donors[7]. However, HCV-positive recipients who received HCV-positive kidneys have a significantly lower waiting time than their HCV-negative counterparts[7], with no adverse effects on short-term patient and graft survival[37-40]. Although some authors have advocated avoiding the use of HCV-positive kidneys in recipients older than 65 years due to the higher risk of infectious complications[3], there is no clear evidence that older age may have an impact on graft survival in patients receiving kidney transplantations from HCV-positive donors[40]. However, up to 20% of patients may have reactivation of the disease after transplantation[40], and the time to reactivation may be shorter in renal transplant recipients of HCV-positive kidneys. The clinical importance of HCV reactivation following kidney transplantation from HCV-positive donors is controversial and, although some studies demonstrated a higher rate of liver disease in recipients of HCV-positive kidneys compared to recipients of HCV-negative recipients, graft survival was not different between the two groups[41-43].

While kidney transplantation confers a significant advantage in terms of patient survival in ESRD patients with HCV infection when compared to maintenance hemodialysis, donor HCV serologic status is independently associated with an increased risk of mortality[44]. Abbott et al[45] evaluated 38270 United States Renal Data System (USRDS) Medicare beneficiaries awaiting kidney transplantation and demonstrated that transplantation from HCV-positive donors is associated with improved survival when compared with patients on the waiting list, although this advantage was not as substantial as transplantation from all deceased donors. However, a recent survey by Kucirka et al[7] showed that kidney transplantation from HCV-positive donors was associated with 1.29-times increase in the risk of death; this was reflected in a difference of only 1% in 1-year survival and 2% in 3-year survival.

In a recent study, Morales et al[43] compared 162 kidney transplant recipients receiving a graft from an HCV-positive donor with 306 receiving a kidney graft from an HCV-negative donor: five- and ten-year patient survival was 84.8% and 72.7%, respectively, in the group of patients receiving a graft from an HCV-positive donor vs 86.6% and 76.5% in recipients of an HCV-negative graft (P = 0.250). Five- and ten-year graft survival was not statistically different between the two groups. Decompensated liver disease rate was also not significantly different between the two groups (10.3% vs 6.2%).

A historical cohort study of 36 956 deceased United States adult donor renal transplant recipients over a 5-year period from 1996 to 2001 demonstrated that receiving an HCV(+) donor kidney was independently associated with increased mortality, primarily as a result of non-HCV infection, presumably due to the theory that acute HCV infection places transplant patients at risk for over-immunosuppression as a direct inhibitory effect of HCV on T-cell function[46]. 

Recent evidence has suggested that kidney transplantations from HCV-positive donors may have a worse graft outcome when compared with HCV-negative recipients[8,47-49], and eradication of HCV infection before transplantation seems to reduce the risk for HCV-associated renal dysfunction after transplantation and may reduce the risk for HCV disease progression, thereby providing the rationale for treatment of HCV before transplantation.

The issue of transplanting kidneys from HCV-positive organ donors into anti-HCV positive/HCV RNA negative recipients has not been fully addressed: in a retrospective study, Morales et al[50] demonstrated a higher rate of viral reactivation among anti-HCV positive/HCV RNA negative recipients who received a kidney from an anti-HCV positive donor. Based on these findings, many transplant centers adopted the policy of transplanting kidneys from anti-HCV positive donors into HCV RNA positive recipients, restricting the use of HCV-positive donors to recipients with active viremia[1,40]. The use of organs from viremic HCV-positive donors into HCV-RNA negative recipients would have the effect of reintroducing HCV infection, whereas using HCV-positive kidneys in HCV RNA positive recipients can determine a superinfection with a different genotype[1], with many severe clinical consequences.

Ideally, donors and recipients should be matched for HCV genotype to minimize the risk of superinfection, even if this procedure is rarely performed during a deceased donor evaluation.

Organs from HCV-RNA positive donors should be offered only to viremic recipients or even discarded, due to the high rate of viral reactivation after transplantation[40].

However, a large multicenter trial demonstrated that the type of genotype might not have a significant impact on survival among patients with ESRD, since the survival in patients with mixed infection was similar to that of patients with a single HCV infection[51].

PRE-TRANSPLANT EVALUATION AND TREATMENT

All kidney transplant candidates undergo a full evaluation of serologic markers, including anti-HCV serology.

In dialysis patients with chronic HCV infection, serum aminotransferase levels are not reliable in determining disease activity and fibrosis severity, and uremic patients may be more likely than non-uremic patients to have persistently normal serum aminotransferase levels. Therefore, the presence of persistently normal serum aminotransferase levels does not exclude the presence of significant liver disease[52]. While recent observations suggest that liver biopsy is not useful in anti-HCV positive/HCV-RNA negative patients[53], all anti-HCV positive ESRD patients should undergo an HCV-RNA evaluation, and all HCV-RNA positive patients should undergo a liver biopsy (Figure 1).

The information obtained from liver biopsy is mandatory in the decision making for acceptance of an anti-HCV positive ESRD patient to the waiting list for a kidney transplantation. In fact, biochemical tests are not useful for reflecting the histological severity of liver damage, and liver disease may progress rapidly after transplantation.

Although recent studies suggest that kidney transplantation alone could be feasible even in patients with biopsy-proven cirrhosis with a hepatic portal venous gradient less than 10 mmHg[54], the finding of pre-transplant cirrhosis has been clearly associated with a strong reduction of survival in renal transplant recipients[52,55], and now it is considered a contraindication to kidney transplantation alone. Information about the progression of liver disease after transplantation is lacking: most of the studies have demonstrated the progression of liver disease in kidney transplant recipients, but data on pre-transplant biopsies are not reported.

 Cross-sectional studies suggest that about 25% of HCV(+) patients with ESRD have significant fibrosis pre-transplant[1]. Zylberberg et al[56] retrospectively compared the liver histopathology of 28 HCV(+) kidney recipients to that of 28 controls. Over a period of 7 years, hepatic fibrosis worsened in 50% of patients, and 21% developed cirrhosis. In a prospective cohort study by Alric et al[57], serial liver biopsies in 30 renal transplant recipients, performed at 4 and 7 years following renal transplant, demonstrated a progression of liver fibrosis in 30% of the patients. In contrast, Kamar et al[58] demonstrated no progression of liver fibrosis in 50% of patients. The rate of progression among kidney transplant recipients was lower than in HCV-infected patients without ESRD, probably due to immunosuppressant effects that result in less inflammation and subsequent fibrosis in response to HCV infection[56-58]. Recently, in a study evaluating the progression of liver disease in a HCV-positive cohort of kidney transplant recipients, de Oliveira Uehara et al[59] demonstrated a progression of liver fibrosis in 50% of patients and a worsening of necro-inflammatory activity in 32%: progression of liver disease was noted even in patients without significant histological alteration before transplant.

In contrast, Roth et al[60] evaluated the progression of liver disease in 44 HCV-positive kidney transplant recipients, where pre-transplant biopsy was available. Unexpectedly, despite many years of immunosuppression, liver histology remained stable (or even improved) in the majority of re-biopsied kidney transplant recipients: 16% of the liver biopsies obtained after transplant showed histologic improvement when compared with the baseline pre-transplant sample, whereas only 23% showed progression of liver injury.

Kucirka et al[12] analyzed more than 6000 kidney transplantations from the UNOS database and demonstrated that only 29% of HCV-positive deceased donor kidney recipients received a graft from an HCV-positive donor. It was of interest that kidney transplantation from HCV-positive donors could reduce by more than one year the waiting time for HCV patients, but those who received a kidney from an HCV-positive donor had a 2.6-fold higher risk of joining the liver transplantation list.

Since most studies[61-66] demonstrated a rate of 20%-100% of acute rejection in HCV-positive kidney transplant recipients treated with interferon alfa, post-transplant treatment is now contraindicated, and the only therapeutic management of HCV infection in ESRD patients listed for kidney transplantation remains pre-transplant treatment, whenever possible. Optimal management of HCV infection should occur prior to the development of ESRD, when both interferon and ribavirin can be used to maximize viral response. However, for those patients who are not diagnosed until after they have reached ESRD or who contract HCV after ESRD develops, treatment options are more limited given the relative contraindication to ribavirin in the setting of renal failure and the need for close monitoring for hemolysis and anemia in the event of ribavirin use[67]. In addition, ESRD patients have a lower tolerability to interferon, and two meta-analyses showed a 17%-30% dropout rate in this patient population vs a standard non-ESRD dropout rate of about 3%-10%[68].

Many small studies have demonstrated the efficacy of interferon monotherapy in the treatment of HCV infection in ESRD patients. Two recent meta-analyses assessing the efficacy of interferon monotherapy have shown sustained viral response (SVR, defined by an undetectable HCV RNA < 50 IU/mL in serum at least 6 mo after stopping treatment) rates of 33%-37%[68] and this SVR appears to continue post-transplant, minimizing the effect of post-transplant HCV glomerulonephritis.

 The combination of ribavirin and interferon is problematic in ESRD patients, due to the low clearance of ribavirin by dialysis, exacerbating the risk of hemolysis in patients already at higher risk of anemia. Some small studies demonstrated a SVR of 66% in ESRD patients[64], but the risk/benefit ratio related to adding ribavirin was not established. Given the difficulty with hemolysis when using ribavirin in ESRD, extreme caution with close monitoring of ribavirin levels is recommended[3].

At this time, there are data, albeit limited, supporting the safety of pegylated interferon as monotherapy for the treatment of hepatitis C in patients with ESRD. Gupta et al[69] showed that less than 50% of pegylated interferon alfa-2b is renally cleared and that hemodialysis did not appear to affect its clearance. Unfortunately, there are little data on tolerability, with a wide range of withdrawal rates in the three studies performed above: from 0% to 73%[3]. However, Werner et al[70] recently reported a 45% SVR among 22 HCV-positive ESRD patients treated with PEG-IFN monotherapy.
In patients with normal renal function, similar enhancements in SVR rates are seen when pegylated interferon is combined with ribavirin. Based on this finding, the most promising recent development in the treatment of chronic HCV-infected patients with ESRD is the use of pegylated interferon combined with low-dose ribavirin, despite the known risks with ribavirin use in patients with chronic renal failure.

Rendina et al[71] completed a randomized, controlled trial involving 35 patients treated with 135 g/wk of pegylated interferon alpha-2a and low-dose ribavirin 200 mg daily every other day for 48 wk. The study showed a 97% SVR rate despite an early withdrawal rate of 15%, with only 6% withdrawal due to lack of tolerability and no adverse events reported.

Summarizing, recent evidence suggests that the standard of care for treatment of HCV-positive ESRD patients is interferon monotherapy. Whether pegylated IFN offers advantages over non-pegylated IFN is unknown[71,72]. The treatment duration with IFN monotherapy is typically 48 wk[71,72], but non-responders may be identified even after 3-6 mo of treatment. Genotypes 1, 4, 5 and 6 are more resistant to IFN therapy and need a longer course of treatment[73]. Patients who fail to achieve HCV RNA of < 50 IU/mL after 6 mo of treatment should be considered as non-responsive and generally should have treatment discontinued.

POST-TRANSPLANT TREATMENT AND HCV GLOMERULONEPHRITIS

Treatment of HCV in kidney transplant recipients is not routinely recommended[74,75] because of concerns about IFN precipitating acute rejection. However, there are clinical circumstances in which a risk/benefit assessment may favor treatment.

In the study by Aljumah et al[55], 19 HCV-positive kidney transplant recipients received treatment with a combination of pegylated interferon and ribavirin for 48 wk, with an SVR in 42.1% of patients. Only one patient developed a borderline acute rejection.

HCV-associated glomerulonephritis can recur after kidney transplantation and cause progressive renal dysfunction, and antiviral therapy may be needed to prevent graft loss; moreover, patients with advanced fibrosis or severe cholestatic hepatitis warrant consideration of treatment to prevent death as a result of liver-related complications. Some data suggest that these transplant recipients will benefit from treatment with IFN monotherapy or IFN plus ribavirin combination therapy[73-77].

Kidney injury in HCV-positive patients may be mediated through immunological and non-immunological mechanisms. HCV-RNA and related proteins have been found in mesangial cells, tubular epithelial cells and endothelial cells of glomerular and tubular capillaries, and this has been associated with higher proteinuria, possibly reflecting direct mesangial injury by HCV infection[77,78].

Kidney injury may be mediated by a systemic immune response to HCV infection, which is mediated by cryoglobulins, HCV-antibody immune complexes or amyloid deposition[79]. Persistence of HCV leads to chronic overstimulation of B-lymphocytes and production of mixed cryoglobulins that are deposited in the mesangium and glomerular capillaries[79]. This is usually associated with histologic signs of vasculitis and downstream fibrinoid necrosis of the glomeruli.

Non-immunologically mediated kidney injury may be related to high levels of fasting serum insulin and insulin resistance, which promote proliferation of renal cells[80].

This histological kidney injury represents HCV-related glomerulonephritis, which may develop many years after initial infection with HCV[72]. The most common HCV-related nephropathy is membranoproliferative glomerulonephritis (MPGN), usually in the context of cryoglobulinemia. Most patients have no clear symptoms, but the triad of purpura, asthenia and arthralgia is evident in 30% of cases[81]. Renal involvement is reported in one third of patients with cryoglobulinemia[82]. Glomerular disease may manifest acutely in 5% of cases and the majority of patients develop hypertension: renal biopsy shows a pattern of MPGN[82], and the diagnosis of HCV-related MPGN is made by a positive test for serum HCV antibodies and HCV RNA.

The long-term outcome of HCV-related nephropathies is still not clearly defined; however, HCV-positive patients were found to have a 40% higher likelihood for developing renal insufficiency compared with seronegative patients[83].

Hypertension, proteinuria and progressive renal failure are the main clinical manifestations of HCV-associated chronic kidney disease. Thus, renoprotection with either angiotensin-converting enzyme inhibitors or angiotensin Ⅱ receptor blockers must be applied[73]. Antiviral therapy should be attempted in hemodialysed patients[73]. In kidney transplant recipients with de novo glomerulonephritis with low proteinuria and stable renal function, initiation of antiviral therapy should be based on the degree of liver damage. For patients with severe de novo glomerulonephritis and high risk of chronic graft failure, antiviral therapy (IFN alone or in combination with ribavirin) should be initiated as soon as possible[73].

Immunosuppressive treatment should be adapted to prevent rejection while minimizing viral replication. Experimental studies[84] have shown that cyclosporine may inhibit the intracellular replication of HCV, independently of its immunosuppressive activity. However, in the clinical setting this antiviral effect of cyclosporine remains controversial[50,85].

Findings of the USRDS registry reported a better graft survival in recipients treated with mycophenolate mofetil (MMF) than in those on other immunosuppressive therapy[50]. However, a prospective study reported an increase in viral replication in patients on MMF therapy[86], suggesting that the immunosuppressive therapy should be adapted to patients’ clinical conditions.

FUTURE CHALLENGES

Kidney transplantation is the best replacement therapy for HCV-positive ESRD patients, as it confers a survival advantage when compared to dialysis. Kidney transplantation from HCV-positive donors into HCV-positive recipients may be useful to expand the donor pool, by increasing the rate of utilization of these kidneys. While short-term results are conflicting, kidney transplantations from HCV-positive donors permit a reduction in waiting time for kidney transplantation with long-term graft and patient survival similar to HCV-positive recipients receiving a kidney from an HCV-negative donor. However, de novo HCV-related glomerulonephritis and the higher risk of chronic humoral rejection may hamper the graft survival in these patients. Future studies should address the optimal immunosuppressive therapy aiming to reduce the risk of liver disease progression and the risk of cardiovascular complications, such as new-onset diabetes mellitus after transplantation, which may be increased in HCV-positive kidney transplant recipients.
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Figure 1  Proposed algorithm for the evaluation and allocation of renal transplant candidates with hepatitis C virus infection. ESRD: End-stage renal disease; HCV: Hepatitis C virus; PEG: Polyethylene glycol.
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