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Hepatitis C virus (HCV) is recognized to be an incre-
mental contributor to the morbidity and mortality of
patients with chronic kidney disease (CKD) and end-
stage renal disease (ESRD)."? Recent data suggest that
HCV-infected patients with CKD have an accelerated
rate of CKD progression to ESRD.>® Furthermore,
HCV has also been associated with adverse outcomes
in kidney transplant recipients, including diminished
graft survival to increased mortality.® Advances in the
treatment of HCV infection have been accomplished
in the last several years both for the general popula-
tion and for those with CKD, although the data for
the CKD population remain limited. This review will
summarize the most relevant information regarding
the use of direct-acting antivirals (DAAs) in patients
with CKD.
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HCV AND CKD

A higher prevalence of HCV infection in patients with
ESRD compared with the general population has been well
established.” In a meta-analysis by Fabrizi et al., HCV-
infected patients with ESRD were demonstrated to have a
higher risk for either liver- or cardiovascular disease-related
mortality compared with the HCV-negative cohort.” In
addition, HCV infection has been causally linked with
mixed cryoglobulinemia® and several immune-complex
forms of glomerular disease, including membranoprolifer-
ative® and membranous glomerulonephritis.®

DAA DRUGS AND CKD

The options available for the treatment of HCV infection
have dramatically evolved in recent years. The introduction

Abbreviations: CKD, chronic kidney disease; CyA, cyclosporine; DAA, direct-acting antiviral; EBR/GZR, elbasvir/grazoprevir; eGFR,

estimated glomerular filtration rate; ESRD, end-stage renal disease; GFR, glomerular filtration rate; Gl, gastrointestinal; HCV, hepa-
titis C virus; LDV, ledipasvir;, OMV/PTV/r/DSV, ombitasvir/paritaprevir/ritonavir/dasabuvir; SMV, simeprevir; SOF, sofosbuvir; SRL,

sirolimus; SVR, sustained viral response; SVR12, sustained viral response rates at 12 weeks; TAC, tacrolimus.

From the University of Miami Miller School of Medicine, Division of Nephrology and Hypertension and the Miami Veterans Administra-

tion Hospital, Miami, FL.
Potential conflict of interest: Nothing to report.
Received 30 November 2016; accepted 4 January 2017

View this article online at wileyonlinelibrary.com

©2017 by the American Association for the Study of Liver Diseases

55 CLINICAL LIVER DISEASE, VOL 9, NO 3, MARCH 2017

An Official Learning Resource of AASLD



Treating Infection in Patients with CKD Pedraza, Ladino, and Roth

of DAAs that target varying sites of the HCV genome has
translated into sustained viral response (SVR) rates at 12
weeks (SVR12) that routinely exceed 95%. Differing groups
of HCV-infected patients may now be cured including
decompensated cirrhotics, patients with prior treatment
failures, and patients infected with all genotypes. Additional
cohorts with long-standing unmet medical needs, including
those coinfected with HIV'® and the CKD population, have
also been examined."""?

In this context, several studies have evaluated the use
of DAAs in the HCV-infected patient with CKD/ESRD
(Table 1). The HCV-TARGET, a longitudinal real-world
observational study, reviewed the use of sofosbuvir-
based regimens in HCV-infected patients with CKD
(defined as an estimated glomerular filtration rate [eGFR]
< 45 mL/min)."® The results demonstrated that patients
receiving a regimen that included sofosbuvir had an
SVR12 of approximately 80% to 85%, higher rates of
anemia, worsening kidney function, and increased
adverse events. The authors recommended that close
monitoring of patients on sofosbuvir with renal dysfunc-
tion was advisable.' The RUBY-I trial reported results
using ombitasvir, paritaprevir/ritonavir, and dasabuuvir,
and showed that this combination can be safely used in
patients with advanced CKD (stages 4/5) with SVR rates
of 90%, and 70% of patients were on dialysis.'*"> The
randomized, prospective, phase Il C-SURFER trial demon-
strated that treatment with grazoprevir and elbasvir
resulted in SVR12s of 99% with minimal adverse events
in a population of genotype 1-infected patients with
advanced CKD, including a majority of patients receiving
maintenance hemodialysis.'®

TREATMENT OF HCV INFECTION IN PATIENTS
WITH CKD, INCLUDING KIDNEY TRANSPLANT
CANDIDATES AND RECIPIENTS

The Patient With Acute Glomerulonephritis With or
Without Cryoglobulinemia. HCV has a tropism for B
cells and is associated with both lymphoproliferative dis-
orders and several histological forms of immune-complex
glomerular disease and cryoblobulinemia.’®? In this set-
ting, treatment for eradication of virus would be appro-
priate because clearance of the virus would be expected
to be accompanied by decrease in the ongoing immune-
complex injury to the kidney. The recently published arti-
cle “Sofosbuvir Plus Ribavirin for Hepatitis C Virus-
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Associated Cryoglobulinaemia Vasculitis: VASCUVALDIC
Study”?° reported that patients with a HCV vasculitis
syndrome and cryoglobulinemia who received sofosbuvir
(400 mg/day) and ribavirin (200-1400 mg/day) had a
high rate of a complete clinical response, SVR12 of about
75%, and a low rate of adverse events. Some patients
may present with a more aggressive vasculitic syndrome
accompanied by cryoglobulinemia. In these cases, antivi-
ral therapy should be preceded by interventions designed
to reduce the inflammatory activity involving the endo-
thelium, including corticosteroids, rituximab, and possibly
therapeutic plasma exchange.?'?3

The HCV-Infected Patient With Stage 1 to 3a CKD. HCV-
infected patients with CKD and GFR greater than 45 mL/
min should be considered for DAA therapy. From a strict-
ly renal perspective, the major indication for treatment in
this group would be slowing the progression of the CKD.
HCV infection has been associated with an accelerated
rate of CKD progression, as demonstrated in several
recently published reports.>> If this finding is confirmed
in additional studies, this would represent a compelling
indication for treatment.

The Patient With Advanced Stage 3 and 4/5 CKD. This
group of patients must be viewed differently because
they are clearly progressing into later stages of CKD and
the issue of renal replacement therapy begins to enter
into the decision tree. In this situation, the nephrologist
and hepatologist must work closely and consider wheth-
er treatment before or after kidney transplant is advis-
able. For the patient with a living kidney donor it would
be reasonable to treat for a cure before transplant. How-
ever, if the patient is going to be placed on the deceased
donor waiting list, then other options might be available.
For example, delaying antiviral treatment and transplant-
ing with a kidney from an anti-HCV-positive donor is an
option at some centers. Programs using this approach
have reported dramatically shortened waiting times for a
deceased donor kidney.'"?*2> In this setting, treatment
with DAA can be introduced early after transplantation.
Sawinski et al.?® recently reported the outcomes of 20
kidney recipients who received DAAs posttransplant; the
DAA therapy achieved an SVR of 100% and was well
tolerated without affecting allograft function. Kidney
transplant candidates with compensated METAVIR stage
4 liver disease without portal hypertension require close
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TABLE 1. DAA AGENTS: DOSE, CLEARANCE, AND USE IN CKD AND ESRD PATIENTS

Medication Clearance Use in CKD Stages IV and V Use in ESRD
Sofosbuvir Renal: 81% eGFR 15-29 mL/min: not recommended Limited dafa available;higher rates of anemia,
Gl: 15% eGFR < 15 mL/min: not recommended worsening renal dysfunction, and increased
adverse events'?
Simeprevir Renal: <1% eGFR 15-29 mL/min: dose adjustment not required Limited data available
eGFR < 15 mL/min: not recommended
Daclatasvir Renal: 7% eGFR 15-29 mL/min: dose adjustment not required Limited data available; patient on dialysis; no
Gl: 88% eGFR < 15 mL/min: dose adjustment not required serious adverse events'
Ledipasvir Renal: 1% eGFR 15-29 mL/min: dose adjustment not required Limited data available
Gl: 86% eGFR < 15 mL/min: not recommended
Ombitasvir/Paritaprevir/  Renal: <2% eGFR 15-29 mL/min: dose adjustment not required Dialysis patients studied;safely used in patients with
Rifonavir Gl: 90% eGFR < 15 mL/min: dose adjustment not required advanced CKD'®
Dasabuvir
Grazoprevir/Elbasvir Renal: <1% eGFR 15-29 mL/min: dose adjustment not required Dialysis population studied;minimal adverse events
eGFR < 15 mL/min: dose adjustment not required in patients with advanced CKD and ESRD on
hemodialysis'®
Sofosbuvir/Velpatasvir Renal: 81% eGFR 15-29 mL/min: not recommended Limited data available; no dosage recommendation
Gl/Renal: 15%/0.4% eGFR < 15 mL/min: not recommended for patients with severe renal impairment'”
Gl: 94%

Abbreviation: Gl, gastrointestinal.

collaboration between the hepatologist and transplant
team to determine whether the patient is a candidate for
a kidney-alone transplant and/or should receive DAA
therapy pretransplant or posttransplant in the context of
receiving a kidney from an anti-HCV-positive donor.

The Patient With ESRD Who Is on Dialysis. It has been
reported that 5% to 10% of the US dialysis population is
infected with HCV, many of whom still remain undiag-
nosed.?’ It is well established that the anti-HCV-positive
patient with ESRD has increased mortality when com-
pared with the negative cohort.” No prospective data,
however, have demonstrated that clearance of the virus
from these patients translates into improved outcomes.
Because this is a population with multiple comorbidities,
it would be difficult to demonstrate a change in hard
outcomes, such as mortality. The decision to treat must
be individualized, taking into account future transplant
candidacy, magnitude of ongoing comorbidities, and
expected survival.

The Kidney Transplant Recipient. There are large num-
bers of post-kidney-transplant patients with HCV infection
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that predates their transplantation. HCV has been clearly
associated with an adverse impact on posttransplant
patient and graft survival including immune-complex injury
to the allograft and a higher incidence of posttransplant
diabetes mellitus.?® In contrast with the poorly tolerated
interferons, the DAAs offer the opportunity of treatment
for kidney recipients because early reports are demonstrat-
ing excellent safety and efficacy.?® Importantly, there are
several drug-drug interactions (Table 2) with some of the
immunosuppressive agents commonly used, and early
reports suggest that there may be changes in tacrolimus
metabolism as the virus is cleared that would require doing
adjustments to maintain therapeutic immunosuppres-
sion.?%3% In this context, post-kidney-transplant patients
being considered for DAA treatment should be under the
care of a team familiar with these issues so that adequate
immunosuppression is maintained.

In conclusion, the availability of DAA agents has dra-
matically altered the landscape of treatment for the
HCV-infected patient with CKD/ESRD. A group of
patients who had been largely left on the sidelines of
antiviral therapy is now being studied more carefully,
resulting in evolving strategies for treatment that take
into account the unique needs of this patient population.
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TABLE 2. INTERACTIONS OF DAAS WITH IMMUNOSUPPRESSIVE AGENTS

Medication SOF/LDV SOF SMV OMV/PTV/r/DSV EBR/GZR
TAC No changes in No changes in Decrease TAC levels Increase TAC levels Increase TAC levels
TAC levels TAC levels Needs close monitoring (ritonavir)
of TAC levels
CyA No changes in No changes in Increase levels of both CyA Increase CyA levels Increased levels of GZR,
CyA levels CyA levels and SMV (rifonavir) confraindicated fo use
fogether
SRL No changes in No changes in Increase or decrease levels Increase SRL levels (ritonavir) Increase SRL levels

SRL levels SRL levels of SRL

simeprevir; SOF, sofosbuvir; SRL, sirolimus; TAC, tacrolimus.

CORRESPONDENCE

David Roth, M.D., 1120 NW 14th Street, Room 813, Miami, FL
33136. E-mail: d.roth@miami.edu

REFERENCES

1)

58

Fabrizi F, Dixit V, Messa P. Impact of hepatitis C on survival in dialysis
patients: a link with cardiovascular mortality? J Viral Hepat 2012;19:
601-607.

Fabrizi F, Takkouche B, Lunghi G, Dixit V, Messa P, Martin P. The
impact of hepatitis C virus infection on survival in dialysis patients:
meta-analysis of observational studies. J Viral Hepat 2007;14:
697-703.

Molnar MZ, Alhourani HM, Wall BM, Lu JL, Streja E, Kalantar-Zadeh
K, Kovesdy CP. Association of hepatitis C viral infection with inci-
dence and progression of chronic kidney disease in a large cohort of
US veterans. Hepatology 2015;61:1495-1502.

Lee JJ, Lin MY, Chang JS, Hung CC, Chang JM, Chen HC, et al. Hep-
atitis C virus infection increases risk of developing end-stage renal
disease using competing risk analysis. PLoS One 2014;9:e100790.

Butt AA, Wang X, Fried LF. HCV infection and the incidence of CKD.
Am J Kidney Dis 2011;57:396-402.

Baid-Agrawal S, Pascual M, Moradpour D, Somasundaram R, Muche
M. Hepatitis C virus infection and kidney transplantation in 2014:
what's new? Am J Transplant 2014;14:2206-2220.

Martin P, Fabrizi F. Hepatitis C virus and kidney disease. J Hepatol
2008;49:613-624.

Sansonno D, Gesualdo L, Manno C, Schena FP, Dammacco F. Hepa-
titis C virus-related proteins in kidney tissue from hepatitis C virus-
infected patients with cryoglobulinemic membranoproliferative glo-
merulonephritis. Hepatology 1997;25:1237-1244.

Johnson RJ, Gretch DR, Yamabe H, Hart J, Bacchi CE, Hartwell P,
et al. Membranoproliferative glomerulonephritis associated with
hepatitis C virus infection. N Engl J Med 1993;328:465-470.

CLINICAL LIVER DISEASE, VOL 9, NO 3, MARCH 2017

Abbreviations: CyA, cyclosporine; EBR/GZR, elbasvir/grazoprevir; LDV, ledipasvir, OMV/PTV/r/DSV, ombitasvir/paritaprevir/ritonavir/dasabuvir; SMV,

Sasadeusz J. HIV and HCV therapies in 2015: optimal regimens.
AIDS Rev 2016;18:212-221.

Ladino M, Pedraza F, Roth D. Hepatitis C virus infection in chronic
kidney disease. J Am Soc Nephrol. 2016;27:2238-2246.

Maruyama A, Partovi N, Yoshida EM, Erb SR, Azalgara VM, Hussaini
T. A review of direct-acting antivirals for the treatment of hepatitis C
in patients with advanced chronic kidney disease. Nephrol Dial
Transplant; doi:10.1093/ndt/gfv361.

Saxena V, Koraishy F, Sise M, Lim JK, Schmidt M, Chung RT; HCV-
TARGET Study Group. Safety and efficacy of sofosbuvir-containing
regimens in HCV infected patients with impaired renal function. Liv-
erint 2016;36:807-816.

Garimella T, Wang R, Luo WL, Hwang C, Sherman D, Kandoussi H,
et al. Single-dose pharmacokinetics and safety of daclatasvir in sub-
jects with renal function impairment. Antivir Ther 2015;20:535-543.

Pockros PJ, Reddy KR, Mantry PS, Cohen E, Bennett M, Sulkowski
MS, et al. Efficacy of direct acting antiviral combination for patients
with Hepatitis C virus genotype 1 infection and severe renal impair-
ment or end-stage renal disease. Gastroenterology 2016;150:1590-
1598.

Roth D, Nelson DR, Bruchfeld A, Liapakis A, Silva M, Monsour H Jr,
et al. 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 combina-
tion phase 3 study. Lancet 2015;386:1537-1545.

Gillead®. EPCLUSA® (sofosbuvir and velpatasvir) insert package.
https://www.gilead.com/~/media/files/pdfs/medicines/liver-disease/
epclusa/epclusa_pi.pdf?la=en. Published June 2016. Accessed Octo-
ber 22, 2016.

Morales JM, Kamar N, Rostaing L. Hepatitis C and renal disease: epi-
demiology, diagnosis, pathogenesis and therapy. Contrib Nephrol
2012;176:10-23.

Fabrizi F, Plaisier E, Saadoun D, Martin P, Messa P, Cacoub P. Hepati-
tis C virus infection, mixed cryoglobulinemia, and kidney disease.
Am J Kidney Dis 2013;61,623-637.

An Official Learning Resource of AASLD


info:doi/10.1093/ndt/gfv361
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/epclusa/epclusa_pi.pdf?la=en
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/epclusa/epclusa_pi.pdf?la=en
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/epclusa/epclusa_pi.pdf?la=en
https://www.gilead.com/-/media/files/pdfs/medicines/liver-disease/epclusa/epclusa_pi.pdf?la=en

20)

21)

22)

23)

24)

59

Treating Infection in Patients with CKD Pedraza, Ladino, and Roth

Saadoun D, Thibault V, Si Ahmed SN, Alric L, Mallet M, Guillaud C,
et al. Sofosbuvir plus ribavirin for hepatitis C virus-associated cryo-
globulinaemia vasculitis: VASCUVALDIC study. Ann Rheum Dis
2016,75:1777-1782.

Quartuccio L, Soardo G, Romano G, Zaja F, Scott CA, De Marchi G,
et al. Rituximab treatment for glomerulonephritis in HCV-associated
mixed cryoglobulinaemia: efficacy and safety in the absence of ste-
roids. Rheumatology (Oxford) 2006;45:842.

Pietrogrande M, De Vita S, Zignego AL, Pioltelli P, Sansonno D,
Sollima S, et al. Recommendations for the management of mixed
cryoglobulinemia syndrome in hepatitis C virus-infected patients.
Autoimmun Rev 2011;10:444-454.

Cacoub P, Delluc A, Saadoun D, Landau DA, Sene D. Anti-CD20
monoclonal antibody (rituximab) treatment for cryoglobulinemic vas-
culitis: where do we stand? Ann Rheum Dis 2008;67:283-287.

Reese PP, Abt PL, Blumberg EA, Goldberg DS. Transplanting hepatitis
C-positive kidneys. N Engl J Med 2015;373:303-305.

25)

26)

27)

28)

29)

30)

CLINICAL LIVER DISEASE, VOL 9, NO 3, MARCH 2017

Kucirka LM, Singer AL, Ros RL, Montgomery RA, Dagher NN, Segev
DL. Underutilization of hepatitis C-positive kidneys for hepatitis C-
positive recipients. Am J Transplant 2010;10:1238-1246.

Sawinski D, Kaur N, Ajeti A, Trofe-Clark J, Lim M, Bleicher M, et al.
Successful treatment of hepatitis C in renal transplant recipients with
direct-acting antiviral agents. Am J Transplant 2016;5:1588-1595.

Patel PR, Thompson ND, Kallen AJ, Arduino MJ. Epidemiology, sur-
veillance, and prevention of hepatitis C virus infections in hemodialy-
sis patients. Am J Kidney Dis 2010;56:371-378.

Fabrizi F, Martin P, Dixit V, Messa P. Meta-analysis of observational
studies: hepatitis C and survival after renal transplant. J Viral Hepat
2014;21:314-324.

Sawinski D, Bloom RD. Novel hepatitis C treatments and the impact
on kidney transplantation. Transplantation 2015;99:2458-2466.

Kamar N, Marion O, Rostaing L, Cointault O, Ribes D, Lavayssiére L,
et al. Efficacy and safety of sofosbuvir-based antiviral therapy to treat
hepatitis C virus infection after kidney transplantation. Am J Trans-
plant 2016;16:1474-1479.

An Official Learning Resource of AASLD



