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may markedly shorten the waiting time for transplantation. 
 Key Messages:  (1) In patients with an eGFR >30, all licensed 
DAAs regimens can be used. (2) Cure of HCV appears at hand 
in CKD stages 4–5, including dialysis patients, and in kidney 
transplant recipients. (3) The choice of DAA regimen in CKD 
should be based on HCV genotype, viral load, eGFR, con-
comitant medications, transplant candidacy and comorbid-
ities. (4) The timing of treatment in potential kidney trans-
plantation candidates (before versus after transplanta-
tion) should be decided in collaboration with the transplant 
center. 
Video Journal Club ‘Cappuccino with Claudio Ronco’ at
http://www.karger.com/?doi=452730.  © 2017 S. Karger AG, Basel 

 Hepatitis C virus (HCV) infection is much more prev-
alent in patients on renal replacement therapy than in 
the general population  [1, 2] . Several reasons concur to 
favor the treatment of HCV infection, both in patients 
on dialysis and in kidney transplant recipients. Indeed, 
HCV infection is associated with an increased risk of 
mortality in these patients  [3, 4] . In addition, HCV-in-
duced de novo membrano-proliferative glomerulone-
phritis may impair allograft survival  [5] . Finally, HCV 
antibody positivity, corresponding in most cases with the 
presence of active HCV infection, increases the  incidence 
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 Abstract

   Background:  Hepatitis C virus (HCV) infection is a very com-
mon infection found among hemodialysis (HD) and kidney 
transplant patients. It is associated with substantial morbid-
ity and mortality. Direct-acting antiviral agents (DAAs) have 
much better efficacy (sustained viral response (SVR)) and tol-
erance than interferon-based regimens. Very recent studies 
extend this breakthrough finding to chronic kidney disease 
(CKD) populations.  Summary:  CKD patients with an estimat-
ed glomerular filtration rate (eGFR) >30 ml/min/1.73 m 2  can 
be treated with any licensed DAA regimen. In CKD stages 
4–5 (mostly HD), the combination of grazoprevir (100 mg) 
and elbasvir (50 mg), a once-daily oral regimen active against 
genotypes 1 and 4, induced in a very recent RCT an SVR 
rate >95%, with tolerance similar to that of placebo. Case 
series suggest that other DAA regimens are also very effec-
tive and well tolerated in HD patients. In kidney transplant 
recipients, 2 case series have reported 100% SVR with good 
tolerance of sofosbuvir-based regimens. Importantly, there 
is a risk of drug–drug interaction of several DAAs including 
calcineurin inhibitors. Finally, the availability of HCV+ grafts 
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of hepatocellular carcinoma in kidney transplant 
 recipients  [6] .

  Major progress has been made over the last 2 decades 
with regard to the treatment of HCV infection among the 
general population. Sustained viral response (SVR) rates 
(which indicate cure of HCV infection) increased pro-
gressively from 7 to 10% with interferon alone, increased 
to 25% with interferon and ribavirin, and increased to 
40–50% with peginterferon and ribavirin. SVR rates rose 
further to 60–70% with the addition of protease inhibitors 
and eventually to >95% with the current direct-acting 
 antiviral agents (DAAs). Importantly, DAA regimens are 
for shorter durations (mostly 12 weeks), are interferon-
free and are thus found to have much improved tolerance 
 [7] .

  Among the currently approved DAAs, sofosbuvir is 
the only one that has significant renal elimination. The 
other currently approved DAAs – simeprevir, ledipas-
vir, daclatasvir, paritaprevir/ritonavir, ombitasvir, 
 dasabuvir, grazoprevir and elbasvir – are not eliminated 
by the kidneys and thus do not need dose adjustment, 
even in severe CKD or in hemodialysis (HD) patients 
 [8, 9] .

  Thus, CKD patients with an estimated glomerular 
 filtration rate (eGFR) >30 ml/min/1.73 m 2 , can be treated 
with any licensed DAA regimen  [9] , especially as a size-
able number of patients with CKD up to stage 3 were in-
cluded in registration trials.

  The choice of the regimen should be based on geno-
type (and subtype), viral load, concomitant medications, 
kidney function, transplant candidacy, and comorbidi-
ties.

  In CKD stages 4–5, and especially in dialysis patients, 
progress in HCV treatment has been much slower. 
 Indeed, until a few years ago, SVR rates with the (peg) 
interferon and ribavirin combinations were around 40%, 
and tolerance was poor, prompting withdrawal of anti-
HCV treatment in close to 1/3 of patients  [10] . Despite 
these limitations, this early experience demonstrated the 
durability of virologic response even with a subsequent 
renal transplantation  [2, 9] . The limited efficacy and poor 
tolerance of interferon-based regimens probably largely 
account for the very low treatment rates of HCV in HD 
patients worldwide. Goodkin et al.  [11]  indeed used data 
of the Dialysis Outcomes and Practice Patterns Study 
(phases 1–4, corresponding to the (peg)-interferon (with 
or without ribavirin) era) to assess antiviral treatment 
rates across the 12 DOPPS countries (Canada, USA, 7 EU 
countries, Australia/NZ, Japan). Treatment rates were 
<5%, even in candidates for kidney transplantation.

  Fortunately, evidence is now accumulating, showing 
that SVR rates may exceed 95% even in patients on renal 
replacement therapy.

  Recently, Roth et al.  [12]  published the C-Surfer trial, 
a phase-3 study that recruited 235 patients with CKD 
stage 4 or 5 (approximately 3/4 on HD) with chronic 
HCV genotype 1 infection (the most prevalent genotype 
in dialysis patients). Only 6% of the patient population 
was cirrhotic and 80% were naïve to treatment. The 
study randomly assigned to either the immediate treat-
ment group (n = 111) or the delayed treatment group 
(n = 113) Grazoprevir (100 mg) and Elbasvir (50 mg), a 
once-daily oral combination for 12 weeks. In addition, a 
small group of patients (n = 11) was assigned to the im-
mediate treatment group but with intensive pharmaco-
kinetic monitoring. Of note, a liver biopsy at baseline 
was not required as an inclusion criterion. Noninvasive 
biochemical markers or transient elastography were con-
sidered sufficient, in line with the evolution of clinical 
practice  [13] .

  The design of this RCT contributed very informative 
results. All patients eventually benefited from the active 
treatment, but the inclusion of a control period (the 
 delayed group) made it possible to assess in a randomized 
double-blind way, the tolerance of the study drug combi-
nation, as compared with the placebo period. Results are 
impressive both in terms of efficacy and tolerance. SVR 
12 exceeded 95% in both the immediate and delayed 
treatment groups, and the study regimen was not with-
drawn even in a single patient due to side effects  [12] .

  At last, cure of HCV appears at hand in CKD stage 
4 or 5 patients, including HD patients, at least those with 
genotype 1 or 4 infection (on which the grazoprevir/el-
bazvir regimen is active). Admittedly, like in most con-
trolled trials, the study population was somewhat young-
er, and had lower comorbidities than the typical current 
dialysis population, but it appears reasonable to general-
ize these results to candidates for kidney transplantation. 
It should be mentioned that the trial did not include any 
patient on peritoneal dialysis. Thus, although pharmaco-
kinetic characteristics of the study regimen do not sug-
gest any specific problems in peritoneal dialysis as com-
pared with HD, data are needed in this population. 
 Recent case series further show that alternative drug reg-
imens may be effective even in HD patients with HCV. 
Although the absence of the control group or period, un-
like in the C-Surfer trial, complicates the precise assess-
ment of the tolerance, these results are encouraging. In-
deed, using the 3D regimen (that includes ombitasvir-
ritonavir with paritaprevir and dasabuvir), Gomez et al. 
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 [14]  recently reported in an abstract form an SVR rate of 
100% in 21 patients, with acceptable tolerance, although 
drug–drug interactions with antihypertensive drugs 
were reported and anemia worsened in some patients, 
not requiring treatment discontinuation. In HCV geno-
type 1a infected patients, ribavirin may be needed with 
non-sofosbuvir-based regimens if naturally occurring 
resistance-associated variants are detected, in order to 
augment virological response rates. Importantly, how-
ever, sofosbuvir is not licensed for use in patients with a 
GFR <30 ml/min so its use in advanced CKD is off label 
and more information about its toxicity in this setting is 
clearly needed before its use can be expanded in this 
population.

  Two case series of Japanese HD patients (total n = 31) 
with genotype 1 infection were very recently reported 
with the combination of daclatasvir and asunaprevir. 
SVR rates were >95% in both series and tolerance was ac-
ceptable with a few SAE not ascribed by the investigators 
to the DAA regimen  [15, 16] . These results require con-
firmation in a larger series of patients.

  The available evidence remains relatively scarce re-
garding how to best deal with other HCV genotypes (2, 3, 
5 or 6). Some case series reported good results, with DAAs 
regimens active on these genotypes. These have included 
sofosbuvir, again raising concern about its use in ad-
vanced CKD.

  A point of major interest to nephrologists is the sig-
nificant risk of drug–drug interactions with several 
DAAs  [8] . Briefly, cyclosporin-treated kidney HD pa-
tients were excluded from the C-Surfer trial  [17]  because 
of such a risk. Similarly, the 3D regimen impacts not 
only calcineurin inhibitors level, but also has a strong 
impact on the metabolism of drugs commonly pre-
scribed to CKD patients, including dialysis and kidney 
transplant patients, such as amlodipine, statins and 
 others  [18] .

  In kidney transplanted patients, interferon-based reg-
imens have long been known to be contraindicated. The 
choice of DAA regimen should be based on the genotype 
(and subtype), viral load, drug–drug interactions, CKD 
stage, stage of hepatic fibrosis, liver transplant candidacy, 
and comorbidities. The experience with the various DAA 
regimens remains limited as yet but is growing rapidly. It 
is very encouraging to note that 2 case series (total n = 45; 
one from France, the other from the United States) re-
ported 100% SVR rates with good tolerance, with various 
sofosbuvir-based DAA regimens. An impact on calcineu-
rin inhibitors level (mostly tacrolimus) was reported in 
up to 40–50% of patients in both studies  [19, 20] .

  Finally, a well-functioning kidney graft is associated 
with the best survival and quality of life in stage 5 CKD 
patients. Thus, after the seminal Spanish experience of 
transplanting HCV+ kidneys into HCV+ recipients, there 
has recently been renewed interest in this strategy. Indeed 
in the United States  [21],  the waiting time for a deceased 
donor frequently exceeds 5 years, whereas patients may 
usually get an HCV+ graft within a year. Of course, the 
applicability of this strategy will depend on the local epi-
demiology of HCV in deceased donors. Even more re-
cently, some US transplant units have further started 
transplanting HCV+ grafts into HCV– liver or kidney 
transplant recipients. This strategy, yet under investiga-
tion, is based on the close to 100% SVR rates with current 
DAA regimens, and the much shorter time to TP in those 
given an HCV+ graft. Thus, anti-HCV treatment of renal 
transplant candidates should be undertaken in collabora-
tion with the transplant center to optimize the timing of 
therapy.

  In conclusion, the field of HCV treatment in CKD 
stages 4–5, including dialysis and kidney transplant pa-
tients has changed drastically. HCV cure is now possible 
in most cases. This should help to reduce the prevalence 
of HCV in HD, and thus reduce further the risk of noso-
comial transmission of HCV in HD units. Eradication 
HCV from HD units is now a realistic goal. These major 
changes should not deter the continuing efforts that are 
being put in to prevent the nosocomial transmission of 
HCV, best reached with the cost-effective combination of 
prevention and treatment  [17, 22] .

  Disclosure Statement 
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