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Expert opinion on the management of renal manifestations of chronic HCV infection

Chronic HCV infection is a non-traditional (but modifiable) risk factor for chronic kidney disease and has been implicated in glomerular injury and nephrosclerotic disease. Three HCV direct-acting antiviral regimens are available for patients with severe kidney impairment: ombitasvir, paritaprevir with the pharmacokinetic enhancer ritonavir, and dasabuvir; glecaprevir plus pibrentasvir; and elbasvir plus grazoprevir. In patients with severe kidney impairment, sofosbuvir-free regimens are preferred because sofosbuvir accumulation has been associated with a progressive worsening of renal function. In this Review, we provide our expert opinion on the current HCV treatment paradigm and highlight the remaining issues that need to be overcome to improve the treatment of HCV in this population.

Introduction

HCV infection is endemic worldwide, with an estimated prevalence of 1% (approximately 71 million viraemic infections) [START_REF] Cacoub | Global hepatitis report[END_REF]. HCV is implicated in the perturbation of multiple organ systems including the ocular, skeletal, nervous, cardiovascular and lymphatic systems and the skin [START_REF] Negro | Extrahepatic morbidity and mortality of chronic hepatitis C[END_REF]. In addition, HCV has been shown to cause metabolic alterations (insulin resistance and diabetes mellitus) [START_REF] Adinolfi | Chronic hepatitis C virus infection and atherosclerosis: clinical impact and mechanisms[END_REF] and has a deleterious impact on quality of life and psychosocial status [START_REF] Mchutchison | The effects of interferon alpha-2b in combination with ribavirin on health related quality of life and work productivity[END_REF][START_REF] Younossi | Improvement of health-related quality of life and work productivity in chronic hepatitis C patients with early and advanced fibrosis treated with ledipasvir and sofosbuvir[END_REF]. Chronic kidney disease (CKD) affects 11.5% of the population in the USA and over 47% of individuals older than 70 years; reports from other countries are, in the main, consistent with these figures [START_REF] Levey | Chronic kidney disease[END_REF]. Recent data emphasized the rising prevalence of CKD in the general population, which is related to the rising epidemic of risk factors such as obesity, diabetes mellitus, arterial hypertension, smoking and ageing [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease[END_REF]. The high morbidity, mortality and health-care costs associated with CKD have led investigators to search for nontraditional risk factors such as chronic HCV infection.

Incidence of CKD in patients with HCV infection

The stages of CKD as defined by the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines range from normal (CKD stage 1) to kidney failure (CKD stage 5) and are described in Table 1 [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease[END_REF]. Until recently, data regarding the prevalence of CKD in patients with hepatitis C were limited. In HCV-positive patients, the prevalence of low glomerular filtration rate (GFR <60 ml/min/1.73 m 2 ) is reported to range from 5.1 to 17.2% [START_REF] Tsui | Association of hepatitis C seropositivity with increased risk for developing end-stage renal disease[END_REF][START_REF] Moe | Association of hepatitis C virus infection with prevalence and development of kidney disease[END_REF][START_REF] Asrani | Lack of association between hepatitis C infection and chronic kidney disease[END_REF], and the prevalence of renal insufficiency (serum creatinine ≤1.5 mg/dl) is 4.8% in US veterans [START_REF] Dalrymple | Hepatitis C virus infection and the prevalence of renal insufficiency[END_REF]. In patients coinfected with HIV and HCV, the unadjusted frequency of low GFR ranged from 3.7 to 4% [START_REF] Lucas | Hepatitis C viremia and the risk of chronic kidney disease in HIV-infected individuals[END_REF]. Based on the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (KDOQI) modified guidelines [START_REF] Kidney | KDOQI Clinical Practice Guideline for Hemodialysis Adequacy: 2015 update[END_REF], the prevalence of CKD was significantly greater among patients with detectable HCV RNA compared with age-, race-and gender-matched anti-HCV-negative controls (9.1% versus 5.1%; P<0.04) [START_REF] Satapathy | Higher prevalence of chronic kidney disease and shorter renal survival in patients with chronic hepatitis C virus infection[END_REF]. According to data from the Chronic Hepatitis Cohort Study, the prevalence of estimated (e)GFR <80 ml/min/1.73 m 2 was 33% and eGFR <30 ml/min/1.73 m 2 was 2% in patients with HCV infection, including those with hepatic fibrosis [START_REF] Moorman | Prevalence of renal impairment and associated conditions among HCV-infected persons in the Chronic Hepatitis Cohort Study (CHeCS)[END_REF].

Table 1. KDIGO 2012 classification of CKD stages

Reprinted with permission from KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease by the Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group (2013) in Kidney Int Suppl 3:1-150. CKD, chronic kidney disease; GFR, glomerular filtration rate.

The incidence of HCV-associated glomerular disease is low. A Norwegian study found the prevalence of CKD stage 5 due to membranoproliferative glomerular disease to be 0.2% [START_REF] Kristiansen | Clinical outcomes in a prospective study of community-acquired hepatitis C virus infection in Northern Norway[END_REF]. Multivariate analysis of data from a large case-control study showed that membranoproliferative glomerulonephritis (MPGN) was more common in patients with HCV infection (0.36% versus 0.05%; P<0.0001), but not membranous glomerulonephritis (0.33% versus 0.19%; P=0.86) [START_REF] El-Serag | Extrahepatic manifestations of hepatitis C among United States male veterans[END_REF].

HCV: a non-traditional risk factor for CKD

Conventional risk factors for CKD such as ageing, diabetes, hypertension and metabolic syndrome do not fully explain the frequency of CKD in developed countries. In addition to these risk factors, HCV infection has been implicated as a cause of kidney disease. A metaanalysis of observational studies (n=9 studies; n=1,947,034 unique patients) reported a relationship between anti-HCV-positive status and CKD [START_REF] Fabrizi | Hepatitis C virus infection increases the risk of developing chronic kidney disease: a systematic review and meta-analysis[END_REF]. The estimated adjusted hazard ratio (aHR) for HCV was 1.43 (95% CI 1.23, 1.63; P=0.0001) [START_REF] Fabrizi | Hepatitis C virus infection increases the risk of developing chronic kidney disease: a systematic review and meta-analysis[END_REF]. Significant heterogeneity (P=0.001) was noted [START_REF] Fabrizi | Hepatitis C virus infection increases the risk of developing chronic kidney disease: a systematic review and meta-analysis[END_REF]; thus, additional research is needed to confirm the link between HCV and CKD [START_REF] Fabrizi | Hepatitis C virus infection increases the risk of developing chronic kidney disease: a systematic review and meta-analysis[END_REF]. A retrospective cohort study (n=56,488) found that patients with HCV infection had a 27% increased risk of CKD compared with non-HCV-infected patients (HR=1.27, 95% CI 1.18, 1.37). In addition, the risk of CKD decreased by 30% (HR=0.70, 95% CI 0.55, 0.88) in patients who had received anti-HCV treatment. HCV-infected patients also had a higher risk of MPGN (HR=2.23, 95% CI 1.84, 2.71) and cryoglobulinaemia (HR=16.91, 95% CI 12.00, 23.81) than uninfected control patients [START_REF] Park | Chronic hepatitis C increases the risk of chronic kidney disease (CKD) while effective HCV treatment decreases the incidence of CKD[END_REF].

The relationship between HCV and CKD has also been studied in HIV-HCV coinfection. A meta-analysis of 8 studies (n=105,462) showed a link between HCV infection and reduced GFR among HIV-infected patients (aHR 1.64 HIV-HCV-coinfected patients versus HIVmonoinfected patients; 95% CI 1.28, 2.0; P<0.001) [START_REF] Fabrizi | Hepatitis C virus increases the risk of kidney disease among HIV-positive patients: systematic review and meta-analysis[END_REF].

The mechanisms underlying the relationship between chronic HCV and CKD are unclear [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF]. HCV has also been implicated in the pathogenesis of tubulointerstitial injury [START_REF] Kasuno | Hepatitis C virus-associated tubulointerstitial injury[END_REF]. HCVinduced glomerular disease occurs frequently in the context of HCV-associated mixed cryoglobulinaemia (MC). MC represents 60-75% of all cryoglobulinaemia and is found in connective tissue diseases and infectious or lymphoproliferative disorders. The majority of patients with 'essential' MC are chronically infected with HCV [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF].

A large spectrum of glomerular diseases have been associated with chronic HCV infection (Table 2). Type I MPGN with type II MC is most commonly observed in relation to HCV. Less frequent kidney diseases include MPGN without cryoglobulinaemia and membranous nephropathy. Focal segmental glomerulosclerosis, fibrillary or immunotactoid glomerulopathies and thrombotic microangiopathy have also been reported [START_REF] Fabrizi | Kidney and liver involvement in cryoglobulinemia[END_REF]. In addition, tubulo-interstitial nephritis and vasculitis have been associated with HCV. The association between HCV and glomerular disease has been observed in patients with native kidneys, and dual kidney and liver transplantations [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF]. The clinical manifestations of HCV-related glomerular disease include nephrotic or nephritic syndrome as well as isolated proteinuria and haematuria and lowered eGFR [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF].

Table 2. HCV-associated kidney disease and clinical manifestations

Reprinted with permission from Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease by Fabrizi F, Plaisier E, [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF] in Am J Kidney Dis 61:623-637.

HCV appears to play a role in metabolic derangements and accelerated atherosclerosis. Atherosclerosis is a chronic inflammatory disease and, in addition to the 'traditional' factors of atherosclerosis, other 'novel' factors (such as chronic HCV infection) have been suggested. The possible role of an infectious agent in the development of experimental atherosclerosis in rodents was reported more than a century ago [START_REF] Gilbert | Experimental infectious arteritis][END_REF] and this hypothesis has gained renewed interest recently [START_REF] Stassen | Infection and atherosclerosis. An alternative view on an outdated hypothesis[END_REF]. It is likely that HCV promotes atherogenesis through several direct and indirect biological mechanisms. HCV RNA sequences have been isolated from carotid plaques [START_REF] Boddi | Hepatitis C virus RNA localization in human carotid plaques[END_REF], suggesting a direct cytopathic effect of the virus on endothelial cells [START_REF] Fabrizi | Hepatitis C virus infection, mixed cryoglobulinemia, and kidney disease[END_REF]. Promotion of atherogenesis translates into adverse clinical outcomes, as evidenced by the results of a large prospective cohort study (n=23,665) that demonstrated a significantly higher risk of cerebrovascular death in anti-HCV-positive patients than in anti-HCV-negative patients (2.7% versus 1.0%, P<0.001; aHR 2.18, 95% CI 1.50, 3.16) [START_REF] Lee | Hepatitis C virus infection and increased risk of cerebrovascular disease[END_REF].

HCV infection causes hepatic and systemic inflammation, and hepatic steatosis [START_REF] Adinolfi | Chronic hepatitis C virus infection and atherosclerosis: clinical impact and mechanisms[END_REF], which is currently considered an early mediator of atherosclerosis. Hepatic steatosis promotes the development of atherosclerosis through multiple factors including insulin resistance, hypoadiponectinaemia, metabolic syndrome, oxidative stress, hyper-homocysteinaemia and increased synthesis of tumour necrosis factor-α [START_REF] Negro | Extrahepatic morbidity and mortality of chronic hepatitis C[END_REF][START_REF] Voulgaris | Atherosclerosis as extrahepatic manifestation of chronic infection with hepatitis C virus[END_REF]. These activities occur independently of other traditional risk factors. There is a well-established association between chronic HCV infection and insulin resistance and diabetes mellitus that persists after adjusting for major risk factors such as older age, obesity and smoking [START_REF] Gill | Hepatitis C virus as a systemic disease: reaching beyond the liver[END_REF].

Treating HCV infection improves renal outcomes in patients with CKD

The most important clinical manifestation of nephrosclerosis induced by HCV is reduced eGFR with or without non-nephrotic proteinuria. International guidelines issued by the KDIGO HCV Study Group have already recommended that HCV-infected patients be tested at least annually for proteinuria, haematuria and eGFR to detect possible HCV-associated kidney disease [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO clinical practice guidelines for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney disease[END_REF]. In addition, patients with CKD should be tested for HCV [START_REF]Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO clinical practice guidelines for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney disease[END_REF]. The recent evidence on the link between chronic HCV and CKD, as discussed above, increases the strength of these recommendations.

Of note, HCV antiviral therapy significantly improves extrahepatic outcomes in the general population [START_REF] Hsu | Interferon-based therapy reduces risk of stroke in chronic hepatitis C patients: a population-based cohort study in Taiwan[END_REF] and among patients coinfected with HIV and HCV [START_REF] Berenguer | Sustained virological response to interferon plus ribavirin reduces non-liver-related mortality in patients coinfected with HIV and hepatitis C virus[END_REF]. A retrospective, population-based study in Taiwan has shown that interferon-based therapy reduces the risk of stroke in diabetic patients with chronic hepatitis C [START_REF] Hsu | Interferon-based therapy reduces risk of stroke in chronic hepatitis C patients: a population-based cohort study in Taiwan[END_REF]. Six studies have addressed the impact of interferon-based regimens on the incidence and/or progression of CKD in patients with HCV infection [START_REF] Satapathy | Higher prevalence of chronic kidney disease and shorter renal survival in patients with chronic hepatitis C virus infection[END_REF][START_REF] Hsu | Association between antiviral treatment and extrahepatic outcomes in patients with hepatitis C virus infection[END_REF][START_REF] Chen | A Taiwanese nationwide cohort study shows interferon-based therapy for chronic hepatitis C reduces the risk of chronic kidney disease[END_REF][START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF][START_REF] Arase | Development rate of chronic kidney disease in hepatitis C virus patients with advanced fibrosis after interferon therapy[END_REF][START_REF] Leone | Incidence and predictors of cardiovascular disease, chronic kidney disease, and diabetes in HIV/HCV-coinfected patients who achieved sustained virological response[END_REF]. In five of them, multivariate analysis suggested that interferonbased antiviral treatment of HCV improves per se renal survival [START_REF] Satapathy | Higher prevalence of chronic kidney disease and shorter renal survival in patients with chronic hepatitis C virus infection[END_REF][START_REF] Hsu | Association between antiviral treatment and extrahepatic outcomes in patients with hepatitis C virus infection[END_REF][START_REF] Chen | A Taiwanese nationwide cohort study shows interferon-based therapy for chronic hepatitis C reduces the risk of chronic kidney disease[END_REF][START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF][START_REF] Arase | Development rate of chronic kidney disease in hepatitis C virus patients with advanced fibrosis after interferon therapy[END_REF][START_REF] Leone | Incidence and predictors of cardiovascular disease, chronic kidney disease, and diabetes in HIV/HCV-coinfected patients who achieved sustained virological response[END_REF]. The most important evidence on this point comes from three large population-based studies using the Taiwan National Health Insurance Research Database (NHIRD) [START_REF] Hsu | Association between antiviral treatment and extrahepatic outcomes in patients with hepatitis C virus infection[END_REF][START_REF] Chen | A Taiwanese nationwide cohort study shows interferon-based therapy for chronic hepatitis C reduces the risk of chronic kidney disease[END_REF][START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF], and similar results have been found in two hospital-based studies from the US [START_REF] Satapathy | Higher prevalence of chronic kidney disease and shorter renal survival in patients with chronic hepatitis C virus infection[END_REF] and Japan [START_REF] Arase | Development rate of chronic kidney disease in hepatitis C virus patients with advanced fibrosis after interferon therapy[END_REF]. Although various demographic and clinical parameters were included in the multivariate analyses, an important limitation is that the NHIRD does not contain information regarding virology, for example, the viral genotype, the sustained virological response (SVR) to antiviral therapy and the HCV viral load [START_REF] Hsu | Association between antiviral treatment and extrahepatic outcomes in patients with hepatitis C virus infection[END_REF][START_REF] Chen | A Taiwanese nationwide cohort study shows interferon-based therapy for chronic hepatitis C reduces the risk of chronic kidney disease[END_REF][START_REF] Hsu | Antiviral treatment for hepatitis C virus infection is associated with improved renal and cardiovascular outcomes in diabetic patients[END_REF].

In the direct-acting antiviral (DAA) era, it has also been demonstrated that HCV treatment improves kidney-related outcomes. A study by Khan et al. [START_REF] Khan | Receiving directly acting antivirals (DAAs) for hepatitis C improves renal function in patients with CKD regardless of SVR[END_REF] showed that in patients who achieved SVR (n=962) after DAA treatment, renal function improved (defined as any increase in GFR) compared with baseline in those with CKD stage 3 and 4-5 by 10% (ΔGFR from baseline +5.04 ml/min) and 22% (ΔGFR from baseline +2.42 ml/min), respectively. A total of n=80 relapsed (CKD stage 1-5) and improvement in GFR occurred in CKD stage 3 patients who relapsed after DAA treatment (ΔGFR from baseline +9.17 ml/min); achieving SVR was not a significant predictor of GFR improvement (OR= 0.9, 95% CI 0.5, 1.7) [START_REF] Khan | Receiving directly acting antivirals (DAAs) for hepatitis C improves renal function in patients with CKD regardless of SVR[END_REF]. A retrospective, observational cohort study using the US administrative claims Quintiles/IMS PharMetrics Plus database demonstrated a reduction in the risk of end-stage renal disease (ESRD) following DAA therapy (n=19,606, incidence rate ratio [IRR]=0.86, 95% CI 0.72, 1.03). The reduced risk persisted when restricted to treated patients who were diagnosed with CKD at baseline (n=976, relative risk [RR]=0.76, 95% CI 0.55, 1.04) [START_REF] Singer | Risk of end stage renal disease in hepatitis C patients following completion of direct-acting antiviral therapy: a retrospective cohort study[END_REF].

Theoretically, a randomized, placebo-controlled trial is the ideal design to clarify how antiviral treatment improves extrahepatic outcomes of HCV. On the other hand, critical events commonly take time to develop, because they occur at a low incidence in an average-risk population. A large sample size with a long follow-up would be required; in addition, randomization to placebo can hardly be considered as ethically acceptable nowadays for HCV-infected patients, given that safe and effective drugs for antiviral therapy of HCV are currently available. Cohort and case-control studies are in progress to assess whether the persistent clearance of HCV RNA from serum by DAAs reduces the incidence and/or progression of CKD in the adult general population. In the meantime, all anti-HCV seropositive patients should be screened for the presence of HCV RNA in their serum and HCV-RNA-positive patients should be treated with interferon-free DAA combinations to reduce the incidence and progression of CKD.

Various approaches have been recommended for the treatment of HCV-related glomerular disease, including immunosuppressive therapy and antiviral therapy. Antiviral treatment (interferon alone or interferon plus ribavirin) had been adopted in patients with moderate proteinuria and slow loss of kidney function; however, the number of patients enrolled was low. The available data regarding interferon-based antiviral treatment among patients with HCV infection suggests renal benefits, including remission of proteinuria and haematuria and improved kidney function as serum HCV RNA becomes undetectable. Interferon-based treatments for HCV-associated glomerular disease have shown substantial limitations. First, the impact of antiviral therapy on long-term kidney disease outcomes remains uncertain. Second, response to interferon-based antiviral therapy may take weeks or months and in the case of rapidly progressing kidney disease, kidney failure can develop before clearance of HCV RNA can be obtained. Third, the clinical benefit in patients who obtained SVR may be transient and/or a dissociation between the antiviral and renal responses can occur. Fourth, interferon-α may exacerbate proteinuria in some patients with underlying glomerular disease and ribavirin use is fraught with the risk of worsening anaemia in patients with reduced eGFR [START_REF] Gill | Hepatitis C virus as a systemic disease: reaching beyond the liver[END_REF].

Treating patients with CKD in the era of HCV DAAs

Before the era of interferon-free treatment regimens, few HCV-infected patients with renal impairment underwent HCV treatment due to the toxicity and poor tolerability of the available regimens [START_REF] Singer | Risk of end stage renal disease in hepatitis C patients following completion of direct-acting antiviral therapy: a retrospective cohort study[END_REF]. According to the Dialysis Outcomes and Practice Patterns Study, an observational study enrolling 49,762 patients on maintenance dialysis in 12 countries between 1996 and 2011, only 48 HCV-positive patients (1.0%) of the 4,589 HCV-positive patients with prescription data were receiving antiviral therapy [START_REF] Goodkin | Hepatitis C infection is very rarely treated among hemodialysis patients[END_REF].

However, breakthroughs in the understanding of the HCV life-cycle and the ability to directly interfere with viral replication within hepatocytes have revolutionized the management of HCV. The recent introduction in the market of DAAs offers shorter, interferon-free, welltolerated and highly efficacious curative therapies. An increasing number of DAAs with high potency against HCV are now available. The choice of the appropriate DAA for patients with renal impairment is clearly conditioned by their pharmacokinetics (Figure 1) [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF][START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF][START_REF] Cacoub | Hepatitis C virus infection and chronic kidney disease: time for reappraisal[END_REF]. International guidelines from the US and Europe, currently recommend no dose adjustment of all approved DAAs in patients with mild to moderate renal impairment. However, in patients with severe renal impairment, only three regimens are recommended: elbasvir plus grazoprevir; ombitasvir, paritaprevir (boosted with ritonavir) plus dasabuvir [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF][START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF]; and the pan-genotypic glecaprevir plus pibrentasvir regimen [START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF].

-Figure 1. Routes of elimination for current DAAs Depiction of the sites of metabolism (liver or renal) and routes of elimination (urine or fecal) of direct-acting antivirals (DAAs) assessed in patients with renal impairment. Glecaprevir undergoes limited secondary metabolism and pibrentasvir is not metabolized. DCV, daclatasvir; DSV, dasabuvir; EBR, elbasvir; G, glecaprevir; GZR, grazoprevir; LDV, ledipasvir; OBV, ombitasvir; P, pibrentasvir; PTV, paritaprevir; r, ritonavir; SMV, simeprevir; SOF, sofosbuvir.

Sofosbuvir is approximately 80% renally excreted, mostly as its dephosphorylation-derived nucleoside metabolite GS-331007. Although sofosbuvir dose adjustments are not required in patients with mild or moderate renal impairment [START_REF] Gane | Safety, anti-viral efficacy and pharmacokinetics (PK) of sofosbuvir (SOF) in patients with severe renal impairment[END_REF], no dose recommendations can be provided for patients with severe renal impairment (that is, eGFR <30 ml/min/1.73 m 2 ) or with ESRD requiring haemodialysis [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF][START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF]. Ledipasvir is mostly eliminated unchanged in bile, whereas renal excretion is minimal (approximately 1% of the total); however, ledipasvir is not marketed as a stand-alone drug, being only available in a fixed-dose combination with sofosbuvir. Velpatasvir pharmacokinetics have been studied in uninfected persons with severe renal insufficiency, in whom the increased area under the concentration-time curve (AUC) was not deemed clinically significant: again, given that velpatasvir is marketed in combination with sofosbuvir, its use in these patients is restricted by the latter's disposal profile. Sofosbuvir-based DAA therapy has been evaluated in patients with HCV-associated MC and glomerular disease. In one report, the SVR rate 12 weeks after the end of treatment (SVR12) was 86% (6/7) and serious adverse events were uncommon [START_REF] Mchutchison | The effects of interferon alpha-2b in combination with ribavirin on health related quality of life and work productivity[END_REF]. Renal involvement was established by kidney biopsy in many patients (71%, 5/7) [START_REF] Sise | Treatment of hepatitis C virus-associated mixed cryoglobulinemia with direct-acting antiviral agents[END_REF]. Patients who achieved SVR12 experienced an improvement in serum creatinine and a reduction in proteinuria [START_REF] Gane | Safety, anti-viral efficacy and pharmacokinetics (PK) of sofosbuvir (SOF) in patients with severe renal impairment[END_REF].

In another 2016 study on sofosbuvir-based DAA therapy in patients with HCV-associated MC (n=44), four patients had renal involvement (one had renal biopsy showing MPGN with arterial hypertension, one had nephrotic syndrome and two had reduced GFR and proteinuria) [START_REF] Gragnani | Prospective study of guideline-tailored therapy with direct-acting antivirals for hepatitis C virus-associated mixed cryoglobulinemia[END_REF]. The SVR rate at 12 and 24 weeks was 100% (44/44); among the four patients with kidney involvement, the patient with MPGN experienced an increase in the GFR up to normal levels, subsiding of proteinuria and normalization of blood pressure. Another individual had complete remission of nephrotic syndrome and discontinuation of albumin and diuretics, and the two remaining patients had a marked improvement of the GFR with protein urine excretion again in the normal range. In the VASCUVALDIC study, sofosbuvir plus ribavirin was administered for 24 weeks in patients with HCV-associated cryoglobulinaemia vasculitis (n=24); five patients had kidney involvement (four had a renal biopsy showing MPGN) [START_REF] Saadoun | Sofosbuvir plus ribavirin for hepatitis C virus-associated cryoglobulinaemia vasculitis: VASCUVALDIC study[END_REF]. All patients showed persistent viral clearance and 80% achieved a complete clinical improvement: kidney involvement improved in four out of five (80%) patients. The median creatinine level was 89 μmol/l (80-163 SD) at baseline and 85 μmol/l (78-146 SD) at week 24. Median GFR was 77.3 ml/min/1.73 m 2 (44-90 SD) at baseline and 66.7 ml/min/1.73 m 2 (48-87 SD) at week 24. Haematuria occurred in four out of five (80%) at diagnosis and disappeared in all cases at week 24; daily proteinuria decreased from 1.09 g (0.6-2.4 SD) to 0.17 g (0.07-0.25 SD). However, 40% of patients with renal involvement also received immunosuppressants; thus, the contribution of antiviral therapy (sofosbuvir + ribavirin) in the improvement of kidney disease remains unclear. Other, more recent studies have confirmed the very good impact of another DAA combination of sofosbuvir plus daclatasvir in patients with HCV-associated MC, including restoration of immune tolerance [START_REF] Saadoun | Efficacy and safety of sofosbuvir plus daclatasvir for treatment of HCV-associated cryoglobulinemia vasculitis[END_REF][START_REF] Comarmond | Direct-acting antiviral therapy restores immune tolerance to patients with hepatitis C virus-induced cryoglobulinemia vasculitis[END_REF]. The disappearance of cryoglobulin occurred in 46.1% of patients (13/24) [START_REF] Comarmond | Direct-acting antiviral therapy restores immune tolerance to patients with hepatitis C virus-induced cryoglobulinemia vasculitis[END_REF] and further studies are warranted to assess whether the DAAs can reduce the need for corticosteroids and immunosuppressive agents (for example, cyclophosphamide and others).

Daclatasvir is an agent partially metabolized by CYP3A4, which can be safely used in patients with end-stage renal impairment, including those requiring haemodialysis [START_REF] Garimella | Single-dose pharmacokinetics and safety of daclatasvir in subjects with renal function impairment[END_REF]. The HCV DAA simeprevir, undergoes oxidative metabolism by the liver and its renal excretion is negligible [START_REF] Ouwerkerk-Mahadevan | Evaluation of the pharmacokinetics and renal excretion of simeprevir in subjects with renal impairment[END_REF]. Thus, no dose adjustments are necessary in patients with mild, moderate or severe renal impairment (Table 3); however, its safety has not been evaluated when creatinine clearance falls below 30 ml/min/1.73 m 2 . In addition, given that simeprevir is extensively bound to plasma proteins (>99.9%), primarily to albumin [START_REF]PubChem Compound Database. Simeprevir[END_REF], dialysis is unlikely to result in removal of significant amounts of drug. Some DAAs are still combined with ribavirin in some categories of patients and, owing to potential anaemia adverse events, ribavirin dose adjustments are mandatory in patients with ESRD. It has already been shown that low-dose ribavirin (that is, 200 mg daily, or 200 mg × 3 weekly) is safe and effective in patients with eGFR <30 ml/min/1.73 m 2 [START_REF] Voulgaris | Atherosclerosis as extrahepatic manifestation of chronic infection with hepatitis C virus[END_REF].

Table 3. Approved and recommended DAA regimens in HCV-infected patients with renal impairment a a Estimated glomerular filtration rate <30 ml/min/1.73 m 2 . DAA, direct-acting antiviral; DSV, dasabuvir; EBR, elbasvir; G, glecaprevir; GT, genotype; GZR, grazoprevir; OBV, ombitasvir; P, pibrentasvir; PTV, paritaprevir; r, ritonavir; RBV, ribavirin.

Three currently available combinations have been specifically evaluated in patients with kidney impairment. The first comprises ombitasvir, paritaprevir (boosted with ritonavir) and dasabuvir: all are excreted essentially into the faeces. Their AUC is mildly increased in patients with severe renal impairment and thus no dose adjustments are necessary in these cases (Table 3). It has been shown that plasma concentrations of these drugs are not substantially affected by dialysis [START_REF] Shuster | Ombitasvir, paritaprevir, ritonavir, dasabuvir and ribavirin pharmacokinetics in HCV-infected subjects with chronic kidney disease stage 4 (severe renal impairment) or stage 5 (end-stage renal disease)[END_REF]. In the first single-arm, multicentre RUBY-1 trial [START_REF] Pockros | Efficacy of direct-acting antiviral combination for patients with HCV genotype 1 infection and severe renal impairment or end-stage renal disease[END_REF], 20 treatment-naive, non-cirrhotic HCV genotype-1 patients with CKD stage 4 or 5 received ombitasvir, paritaprevir (boosted with ritonavir) and dasabuvir for 12 weeks. The 13 patients with subtype 1a also received ribavirin. All patients completed treatment, although in nine patients, ribavirin had to be stopped because of anaemia. An overall SVR12 of 90% was achieved, with only one relapsed patient. In the RUBY-II trial, subtype-1a and -4 patients with severe renal impairment or ESRD were treated with ombitasvir, paritaprevir (boosted with ritonavir) and/or dasabuvir without ribavirin for 12 weeks [START_REF] Gane | RUBY-II: efficacy and safety of a ribavirin-free ombitasvir/paritaprevir/ritonavir ± dasabuvir regimen in patients with severe renal impairment or end-stage renal disease and HCV genotypes 1a or 4 infection[END_REF]. An overall SVR12 of 94% (17/18) was achieved, with one patient not completing treatment due to an elective renal transplantation. Real-world studies from Spain and Germany have subsequently confirmed these encouraging clinical trial data. An overall SVR12 rate of 96% was achieved in 46 patients with genotype 1 or 4 (n=17 with cirrhosis) treated with ombitasvir and paritaprevir (boosted with ritonavir), with or without dasabuvir across nine Spanish centres: only 2/21 had to suspend ribavirin [START_REF] Muñoz-Gómez | Therapy with ombitasvir/paritaprevir/ritonavir plus dasabuvir is effective and safe for the treatment of genotypes 1 and 4 hepatitis C virus (HCV) infection in patients with severe renal impairment: a multicentre experience[END_REF]. Real-world data from the German Hepatitis C Registry show a 100% SVR12 rate in 34 patients with moderate to severe renal impairment (n=9 with CKD stage 4 or 5). Of 10 patients who discontinued treatment, five were associated with ribavirin. However, clinically relevant changes in eGFR from baseline to end of treatment did not occur in these patients [START_REF] Welzel | Real-world experience with the all-oral, interferon-free regimen of ombitasvir/paritaprevir/ritonavir and dasabuvir for the treatment of chronic hepatitis C virus infection in the German Hepatitis C Registry[END_REF].

A second combination comprises coformulated elbasvir plus grazoprevir. Both are partially metabolized by CYP3A4 and the main route of excretion is into faeces, with <1% in urine. Both drugs are extensively bound to plasma proteins. No dose adjustments are required in patients with mild, moderate or severe renal impairment, including those on haemodialysis (Table 3). The moderate exposure increase in uninfected individuals with CKD stage 4 is not considered clinically significant. In the C-SURFER study, a large randomized and placebocontrolled study, 224 patients with HCV genotype-1 infection (among which were 179 patients undergoing haemodialysis) received a 12-week course of elbasvir/grazoprevir once a day (n=122, including 6% with cirrhosis) or placebo. Excluding six patients from the efficacy analysis for non-virological reasons, the SVR12 was 99% (115/116) [START_REF] Roth | Grazoprevir plus elbasvir in treatment-naive and treatment-experienced patients with hepatitis C virus genotype 1 infection and stage 4-5 chronic kidney disease (the C-SURFER study): a combination Phase 3 study[END_REF]. The treatment was also well tolerated, with minor headache, nausea and fatigue being reported in a similar proportion in patients receiving active drugs or placebo. The SVR rate was 98% (97/99) in the deferred treatment group (that is, those patients who were initially included in the placebo group), according to a modified full analysis set [START_REF] Bruchfeld | Elbasvir plus grazoprevir in patients with hepatitis C virus infection and stage 4-5 chronic kidney disease: clinical, virological, and health-related quality-of-life outcomes from a Phase 3, multicentre, randomised, double-blind, placebocontrolled trial[END_REF].

A third combination is a pan-genotypic regimen consisting of glecaprevir co-formulated with pibrentasvir. The drugs are predominantly eliminated via the biliary-faecal route (92.1% and 96.6% excreted in the faeces, and 0.7% and 0% excreted in the urine for glecaprevir and pibrentasvir, respectively) [START_REF]PubChem Compound Database. Glecaprevir[END_REF][START_REF]PubChem Compound Database. Pibrentasvir[END_REF]. No dose adjustment of glecaprevir/pibrentasvir is needed in patients with any degree of renal impairment including those patients with ESRD with or without haemodialysis [START_REF] Kosloski | Pharmacokinetics, safety, and tolerability of next generation direct acting antivirials ABT-493 and ABT-530 in subjects with renal impairment[END_REF][START_REF] Kosloski | Hemodialysis does not affect the pharmacokinetics of glecaprevir (ABT-493) or pibrentasvir (ABT-530)[END_REF]. In the Phase III clinical trial EXPEDITION-IV, the safety and efficacy of glecaprevir/pibrentasvir was studied in non-cirrhotic or compensated cirrhotic patients with genotype 1-6 and CKD stage 4-5 including those on haemodialysis (n=104) [START_REF] Gane | Glecaprevir and pibrentasvir in patients with HCV and severe renal impairment[END_REF]. The SVR12 rate was 98% (102/104); no patient had virological failure. Serious adverse events were reported in 24% of patients (25/104); however, none were considered by the investigators as related to study treatment. Overall, glecaprevir/pibrentasvir was well tolerated with the most common adverse events (≥10% of patients) being pruritus, fatigue and nausea. No patients with grade 3 haemoglobin abnormalities discontinued prematurely and there were no grade ≥2 abnormalities in alanine aminotransferase [START_REF] Gane | Glecaprevir and pibrentasvir in patients with HCV and severe renal impairment[END_REF]. An integrated analysis of genotype 1-6-infected patients from 8 Phase II and III clinical trials also demonstrated that, irrespective of the severity of renal impairment, a high SVR12 rate (97-98%, n=2,238) was achieved. Neither did the level of renal impairment impact on the safety profile of glecaprevir/pibrentasvir, with similar frequencies and types of adverse events across CKD stages. The frequency of pruritus was higher in CKD stage 4-5 patients, however, these patients do have a higher background rate compared to those with lower CKD stages [START_REF] Khanna | Comparison of cutaneous manifestations in chronic kidney disease with or without dialysis[END_REF][START_REF] Min | Comparison of uremic pruritus between patients undergoing hemodialysis and peritoneal dialysis[END_REF][START_REF] Pol | Safety and efficacy of glecaprevir/pibrentasvir in adults with chronic hepatitis C virus infection genotype 1-6 as a function of chronic kidney disease stage[END_REF]. The safety profile was similar in patients with or without compensated cirrhosis with low rates of drug-related serious adverse events (<1%) and adverse events leading to discontinuation (≤4%) [START_REF] Pol | Safety and efficacy of glecaprevir/pibrentasvir in adults with chronic hepatitis C virus infection genotype 1-6 as a function of chronic kidney disease stage[END_REF].

Based on the above considerations, patients with mild to moderate renal impairment (down to eGFR ≥30 ml/min/1.73 m 2 ) can be treated with all combinations (that is, ledipasvir/sofosbuvir, sofosbuvir/velpatasvir, ritonavir-boosted paritaprevir/ombitasvir plus dasabuvir, elbasvir/grazoprevir, glecaprevir/pibrentasvir, sofosbuvir and daclatasvir or sofosbuvir and simeprevir) without dose adjustments. The general recommendations contained in international guidelines can be safely applied [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF][START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF]. In patients with severe renal dysfunction (eGFR <30 ml/min/1.73 m 2 ), regimens without sofosbuvir are preferred. In the TARGET 2.0 real-world study, a progressive worsening of renal function was reported in patients with severe renal impairment receiving sofosbuvir-based regimens [START_REF] Saxena | Safety and efficacy of sofosbuvir-containing regimens in hepatitis C infected patients with impaired renal function[END_REF]. According to their multivariate analysis, worsening of renal function was more common in patients on sofosbuvir-containing regimens who had eGFR ≤45 ml/min/1.73 m 2 at baseline (versus eGFR >45 ml/min/1.73 m 2 ), incidence risk ratio 4.71 (95% CI 1.85, 12.0; P<0.001). Based on a small number of patients, some studies found that sofosbuvir-based regimens may be effective and relatively safe for individuals with HCV infection and eGFR <30 ml/min/1.73 m 2 in the presence or absence of cirrhosis [START_REF] Hundemer | Use of sofosbuvir-based direct-acting antiviral therapy for hepatitis C viral infection in patients with severe renal insufficiency[END_REF][START_REF] Bhamidimarri | Safety, efficacy and tolerability of half-dose sofosbuvir plus simeprevir in treatment of hepatitis C in patients with end stage renal disease[END_REF][START_REF] Choudhary | Efficacy and safety of sofosbuvir-based regimens in chronic hepatitis C patients on dialysis[END_REF]. Further larger-scale prospective studies are needed to determine the optimal combination and duration of DAA therapy in ESRD. In the meantime, sofosbuvir-free regimens should be preferred whenever possible in patients with ESRD.

The European Association for the Study of the Liver (EASL) guidelines for the treatment of HCV recommend that patients with CKD stage 4 or 5 who are not candidates for kidney transplantation and are infected with HCV genotype 1a should receive paritaprevir coformulated with ritonavir and ombitasvir plus dasabuvir for 12 weeks, or the combination of grazoprevir/elbasvir for 12 weeks, with low-dose (200 mg/day) ribavirin [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF]. The same combinations can be used in similar patients with genotype 1b, but this time without ribavirin, whereas those with genotype 4 should be treated with paritaprevir co-formulated with ritonavir and ombitasvir, associated with low-dose ribavirin, for 12 weeks or with the fixeddose combination of elbasvir/grazoprevir, without ribavirin [START_REF] Liver | EASL recommendations on treatment of hepatitis C 2016[END_REF]. For all of the above, the use of ribavirin in patients in whom the haemoglobin level is ≤10 g/dl at baseline is discouraged. The American Association for the Study of Liver Disease (AASLD) guidelines, recommend 12 weeks of elbasvir/grazoprevir for genotype-1 and -4 infection and 8-16 weeks of glecaprevir/pibrentasvir for genotype-1-6 infection in patients with CKD stage 4 or 5 [START_REF] Aasld | HCV guidance: recommendations for testing, managing, and treating hepatitis C[END_REF]. Although clear information on the treatment of HCV in patients with renal impairment exists, it is possible that many clinicians are not aware of the extrahepatic renal manifestations of HCV (glomerular and extra-glomerular lesions induced by HCV) and these recommendations may not be entirely followed [START_REF] Ramos-Casals | Evidence-based recommendations on the management of extrahepatic manifestations of chronic hepatitis C virus infection[END_REF]. This potential lack of awareness of guideline recommendations highlights the need for continued medical education by physicians leading to better patient care [START_REF] Ramos-Casals | Evidence-based recommendations on the management of extrahepatic manifestations of chronic hepatitis C virus infection[END_REF][START_REF] Ferri | International diagnostic guidelines for patients with HCV-related extrahepatic manifestations. A multidisciplinary expert statement[END_REF].

DAAs after renal transplant: current issues

Interferon and ribavirin have been the mainstay of therapy for HCV infection for the past 30 years. However, interferon-containing HCV regimens were rarely used in the kidney transplant population because they are associated with low efficacy (18-34%), poor tolerability (drop-out rate of 25-32%) and high risk of irreversible interferon-induced graft rejection (12.5-51%) [START_REF] Fabrizi | Treatment of hepatitis C after kidney transplant: a pooled analysis of observational studies[END_REF]. Antiviral therapy after renal transplant is needed because of several reasons; first, immunosuppressive therapy post renal transplant may have a permissive role on the replication of HCV with acceleration of liver damage. In addition, the clearance of HCV RNA may prevent some post-transplant complications related to HCV viraemia such as diabetes mellitus [START_REF] Gürsoy | Pretransplantation alpha-interferon therapy and the effect of hepatitis C virus infection on kidney allograft recipients[END_REF], de novo or recurrent HCV-induced glomerular disease [START_REF] Cruzado | Pretransplant interferon prevents hepatitis C virus-associated glomerulonephritis in renal allografts by HCV-RNA clearance[END_REF], chronic allograft nephropathy [START_REF] Mahmoud | The impact of hepatitis C virus viremia on renal graft and patient survival: a 9-year prospective study[END_REF] and higher trough levels of calcineurin inhibitors [START_REF] Wolffenbüttel | Cyclosporine pharmacokinetics in anti-HCV+ patients[END_REF][START_REF] Fabrizi | Hepatitis C virus infection and posttransplant diabetes mellitus among renal transplant patients: a meta-analysis[END_REF][START_REF] Guitard | New-onset diabetes and nephropathy after renal transplantation[END_REF]. Recently, it has been shown that DAAs can be safely and effectively used after kidney transplant [START_REF] Kamar | Efficacy and safety of sofosbuvir-based antiviral therapy to treat hepatitis C virus infection after kidney transplantation[END_REF][START_REF] Sawinski | Successful treatment of hepatitis C in renal transplant recipients with direct-acting antiviral agents[END_REF][START_REF] Lin | Efficacy and safety of direct acting antivirals in kidney transplant recipients with chronic hepatitis C virus infection[END_REF][START_REF] Colombo | Treatment with ledipasvir-sofosbuvir for 12 or 24 weeks in kidney transplant recipients with chronic hepatitis C virus genotype 1 or 4 infection: a randomized trial[END_REF]. In a recent study from the HCV-TARGET cohort, 443 post-transplant patients (renal transplant n=60, renal and liver transplant n=36, liver transplant n=347) with HCV infection were treated with DAA regimens (87% genotype 1, 42% cirrhotic). Patients were treated with ledipasvir/sofosbuvir (85%), daclatasvir plus sofosbuvir (9%), or ombitasvir, paritaprevir (boosted with ritonavir), and dasabuvir (6%), all with or without ribavirin. The proportion of patients with an eGFR ≤30 was 13% in renal transplant patients and 6% in dual transplant patients. Overall SVR12 was 96% (397/415) with 95% and 91% in renal and dual transplant patients, respectively. Treatment was well tolerated with six (1.4%) episodes of acute rejection during HCV treatment in four patients and after HCV treatment in two patients [START_REF] Saxena | Safety and efficacy of current direct-acting antiviral regimens in kidney and liver transplant recipients with hepatitis C: results from the HCV-TARGET study[END_REF]. In another study, 114 patients (91% with genotype 1, 15% with compensated cirrhosis) were treated with ledipasvir/sofosbuvir for 12 or 24 weeks and all achieved SVR12 [START_REF] Colombo | Treatment with ledipasvir-sofosbuvir for 12 or 24 weeks in kidney transplant recipients with chronic hepatitis C virus genotype 1 or 4 infection: a randomized trial[END_REF]. However, all the patients enrolled in the trial showed at baseline an eGFR of ≥40 ml/min/1.73 m 2 .

A recent case series has raised some concerns about the safety of DAAs after transplant: three solid organ recipients developed focal segmental glomerulosclerosis (documented by kidney biopsy) while on therapy with ledipasvir/sofosbuvir, with (n=2) or without (n=1) ribavirin [START_REF] Hogan | Development of proteinuria and focal segmental glomerulosclerosis during direct-acting antiviral therapy for hepatitis C virus infection[END_REF]. The hypotheses for DAA-associated focal segmental glomerulosclerosis includes direct podocyte toxicity, interaction with post-transplant immunosuppressive agents, and an 'immune reconstitution syndrome' [START_REF] Sise | Lupus-like immune complex-mediated glomerulonephritis in patients with hepatitis C virus infection treated with oral, interferon-free, direct-acting antiviral therapy[END_REF]. Routine urinalysis monitoring before and during antiviral therapy is strongly recommended.

When kidney transplantation is planned, the indication to treat before or after surgery is debated. Given that HCV-associated liver damage can be accelerated by immunosuppression, treatment before kidney transplantation may be administered without concerns according to the above recommendations.

The advent of DAAs gives the opportunity to obtain HCV RNA clearance in most patients with ESRD before or after renal transplant. However, the subgroup of patients that remains difficult to treat are those with end-stage CKD and decompensated liver disease. To date, no data from controlled clinical trials are available in these patients [START_REF] Mücke | Managing hepatitis C in patients with the complications of cirrhosis[END_REF]. Expert opinion is required to guide the management of these patients.

A crucial point now is the timing of HCV therapy in relation to the renal transplant procedure. Important issues for establishing correct timing include the use of living versus deceased donor organs, waitlist time by donor type, policy at centre-level for acceptance of organs from HCV-positive deceased donors and HCV genotype. HCV-infected renal transplant candidates with well compensated liver disease may defer anti-HCV therapy after renal transplant from HCV-positive deceased donors. In fact, many studies have emphasized that renal transplant from HCV-positive donors can lower the time spent on the transplant waiting list [START_REF] Scalea | Shorter waitlist times and improved graft survivals are observed in patients who accept hepatitis C virus+ renal allografts[END_REF], and shorter times on the waitlist confer better survival after renal transplant. HCV-positive grafts can expand the donor organ pool as the demand for renal transplants greatly surpasses the current supply in the developed world [START_REF] Kucirka | Underutilization of hepatitis C-positive kidneys for hepatitis C-positive recipients[END_REF][START_REF] Gallegos-Orozco | Early results of pilot study using hepatitis C virus (HCV) positive kidneys to transplant HCV infected patients with end-stage renal disease allowing for successful interferon-free direct acting antiviral therapy after transplantation[END_REF].

The availability of highly effective DAA regimens has the potential to expand the pool of kidney donors for HCV-negative patients with end-stage CKD. Rather than remain on the waiting list for an HCV-negative kidney, it would be preferable that the HCV-negative patient with CKD receive a kidney graft from an HCV-positive donor and receive DAA therapy to prevent or eradicate HCV infection. There are now reports that demonstrate that this strategy is not only feasible, but highly practical [START_REF] Goldberg | Trial of transplantation of HCV-infected kidneys into uninfected recipients[END_REF][START_REF] Durand | Direct-acting antiviral prophylaxis in kidney transplantation from hepatitis C virus-infected donors to noninfected recipients: an open-label nonrandomized trial[END_REF]. In the first report, therapy with elbasvir/grazoprevir was initiated on post-transplant day 3 (all recipients were viraemic) and continued for 12 weeks in ten HCV-negative recipients of HCV-positive kidney transplants. All ten patients in this pilot study achieved SVR12 and had a functioning graft after the conclusion of DAA therapy [START_REF] Goldberg | Trial of transplantation of HCV-infected kidneys into uninfected recipients[END_REF]. The success of this strategy has recently been confirmed in a series of ten HCV-negative patients who received HCV-positive kidney grafts. All patients received a single dose of elbasvir/grazoprevir pre-transplant followed by 12 weeks of DAA therapy post-transplant, at which time they were shown to have achieved SVR12 [START_REF] Durand | Direct-acting antiviral prophylaxis in kidney transplantation from hepatitis C virus-infected donors to noninfected recipients: an open-label nonrandomized trial[END_REF].

Conclusions

The recent availability of HCV DAAs promises to make profound changes in the management of HCV infection in patients with kidney disease. Safe and effective combinations of DAAs are now available for patients with CKD stage 4 or 5 and HCV genotype-1 or -4 infection. In addition, with the approval of the first pan-genotypic regimen, glecaprevir/pibrentasvir, suitable in patients with any degree of renal impairment, the previous unmet need in patients with genotypes 2, 3, 5 and 6 no longer exists. Considering chronic HCV is a risk factor for CKD, all patients with CKD of any stage, irrespective of the occurrence of liver damage, should receive HCV treatment. Importantly, achievement of SVR with DAA treatment has been shown to be associated with improved overall survival in the short term. Whether these short-term benefits translate into improved long-term renal outcomes remains to be confirmed.
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