
Kidney Transplantation
Treatment With Grazoprevir/Elbasvir for Renal
Transplant Recipients With Chronic Hepatitis C
Virus Infection and Impaired Allograft Function
Ute Eisenberger, MD,1 Justa Friebus-Kardash, MD,1 Hana Guberina, MD,2 Andreas Kribben, MD,1

Oliver Witzke, MD,2 Katharina Willuweit, MD,3 Guido Gerken, MD,3 and Kerstin Herzer, MD3,4

Background.Direct-acing antiviral agents are highly efficient treatment options for chronic hepatitis C virus (HCV) infection after
renal allograft transplantation. Treatment options for patients with impaired graft function remain limited. Therefore, we assessed
the effectiveness and safety of grazoprevir/elbasvir therapy for patients with chronic HCV infection and impaired renal allograft
function. Methods. Eleven renal allograft recipients with therapy-naïve HCV genotype (GT) 1a, 1b, or 4 were treated with the
fixed-dose combination of elbasvir/grazoprevir without ribavirin for 12 weeks. All recipients exhibited impaired graft function with
an average glomerular filtration rate lower than 30 mL/min per 1.73 m2. Clinical data were retrospectively reviewed for renal and
liver function parameters. Patients were closely monitored for trough levels of immunosuppressive agents, viral load, laboratory
values, and potential adverse effects. Results. Seven (64%) patients exhibited a rapid virologic response within 4 weeks (HCV
GT1a, n = 2; HCV GT1b, n = 5). The other 4 patients exhibited a virologic response within 8 weeks (HCV GT1b, n = 3; HCV
GT 4, n = 1). All patients exhibited a sustained virologic response at week 12 after the end of treatment. Clinical measures of liver
function improved substantially for all patients. Few adverse effects were reported. Impaired renal allograft function and proteinuria
remained stable. For most patients, only moderate adjustments to the tacrolimus dosage were necessary for maintaining sufficient
trough levels.Conclusions. This treatment appears to be safe and effective for renal transplant recipients with impaired allograft
function and is a promising treatment option for eradicating HCV infection in this patient population.

(Transplantation Direct 2018;4: e419; doi: 10.1097/TXD.0000000000000860. Published online 27 December, 2018.)
The introduction of interferon-free treatment regimens
based on direct-acting antiviral agents (DAAs) has fun-

damentally changed treatment options for transplant pa-
tients with chronic hepatitis C virus (HCV) infection. Until
recently, the remaining challenges associatedwithDAA treat-
ment after solid organ transplantation (SOT) were impaired
kidney function and drug-drug interactions (DDIs) with immu-
nosuppressive substances. In particular, there were concerns
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about the use of protease inhibitors after SOT because some
of them were found to significantly impair trough levels of
immunosuppressants after liver transplant.1,2 Therefore, ad-
ministering simeprevir or paritaprevir in conjunction with
cyclosporine A is not recommended.3 Sofosbuvir-based regi-
mens are not recommended for patients with a glomerular fil-
tration rate (GFR) lower than 30 mL/min per 1.73 m2, and
the 3-drug regimen paritaprevir/ritonavir/ombitasvir plus
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dasabuvir is not the first choice because of DDIs with immu-
nosuppressants and other medications. As a consequence,
treating HCV infection after kidney transplant remains a
problem, particularly when graft function is impaired.

Since August 2016, another regimen has been available for
the treatment of patients chronically infected with HCV ge-
notype (GT)1 or GT4 and a GFR lower than 30 mL/min
per 1.73 m2: the protease inhibitor grazoprevir (GZR) in
combination with the nonstructural protein 5A (NS5A) in-
hibitor elbasvir (EBR). However, although the current
consensus statement of the European Liver and Intestine
Transplant Association states that GZR/EBR should not
be administered together with cyclosporine, only limited
data are available regarding their use after SOT.4,5

In the retrospective study reported here, we reviewed the
medical records of 11 kidney transplant recipients with im-
paired graft function who were treated for HCV infection
with the fixed-dose combination of GZR/EBR. We carefully
monitored trough levels of immunosuppressants, as well as
kidney and liver function. Here we describe the excellent
effectiveness and safety of this interferon-free, ribavirin
(RBV)-free fixed-dose combination of GZR/EBR as treat-
ment for chronic HCV infection in renal transplant recipients
with impaired renal allograft function.
MATERIALS AND METHODS

Patients

We retrospectively reviewed the records of 11 renal allo-
graft recipients with chronic HCVinfection whowere treated
with the fixed-dose combination of GZR/EBR between
December 2016 and April 2017. Renal transplant recipients
with impaired renal transplant function (GFR lower than
40 mL/min per 1.73 m2) were considered for treatment with
a sofosbuvir-free regimen. Our threshold for avoiding a
sofosbuvir-based regimen was higher than that recommended
by current guidelines (a threshold GFR lower than 30 mL/min
per 1.73 m2).3 We aimed to eliminate the risk of DAA treat-
ment interruptions resulting from short-term deterioration of
renal transplant function (eg, in case of infection or drug
toxicity). One patient received GZR/EBR because of an ad-
equately low renal transplant function level at the screening
time point before treatment initiation. The chosen DAA
regimen was not changed despite superior renal transplant
function at treatment follow-up. Transplant recipients
with a history of or evidence of hepatocellular carcinoma,
decompensated liver disease, chronic hepatitis B, or human
immunodeficiency virus infection, as well as patients with
cyclosporine-based immunosuppressive therapy and those
with evidence of NS5A/NS3 resistance-associated variants
(RAVs), were excluded from the study.

Anti-HCV treatment was undertaken after patients had
been thoroughly informed about the adverse effects of therapy
and the possible interactions between DAAs and their current
immunosuppressive regimens. Clinical, technical, and labora-
tory data were collected from patients' charts and retrospec-
tively analyzed. The analysis was done in accordance with
the Declaration of Helsinki and was approved by the ethics
commission of the University Hospital Essen (Ethics approval,
16-6832-BO).
Antiviral Treatment Regimen and Assessment of
Treatment Response

Ten of the 11 patients were treated with GZR (100 mg)
and EBR (50 mg) as a fixed-dose combination tablet once
daily for 12 weeks. The remaining patient underwent treat-
ment for 16 weeks because his viral load was high at baseline
(2.2 E6 log10 IU/mL) and decreased slowly during treatment.

To evaluate the effectiveness of GZR/EBR, we determined
viral load before the initiation of therapy (baseline) and then
weekly for the first 4 weeks, at weeks 8 and 12 during treat-
ment, and again 4 weeks and 12 weeks after the end of treat-
ment (EOT). Plasma HCV RNA levels were monitored with
the Abbott RealTime HCVViral Load Assay (AbbottMolec-
ular Inc, Des Plaines, IL; lower limit of detection, 12 IU/mL).
Sustained virologic response (SVR) was defined as an un-
detectable viral load 12 weeks after EOT. Viral relapse was
defined as recurrence of a detectable viral load.

For all patients, the NS5A protease domain and the NS3
domain of the virus were sequenced routinely before the ini-
tiation of therapy to allow the exclusion of patients with
NS5A RAVs, which are associated with resistance to GZR,
or NS3 RAVs, which are associated with resistance to EBR.
Sequences were analyzed with the resistance prediction
algorithm as implemented in the interpretation system
geno2pheno[HCV] 0.92 from the Max Planck Institute
(http://hcv.bioinf.mpi-inf.mpg.de). All patients tested negative
for NS5A and NS3 RAVs.

Transient elastography, as measured with the FibroScan
502 (Echosens, Paris, France), was used to determine liver stiff-
ness before treatment (at baseline) and 4 weeks after EOT.
Measurements were performed by several experienced opera-
tors. At each time point, 10 measurements were obtained and
were averaged to create a meanmeasurement of liver elasticity
(in kPa). This measurement served as an estimate of liver fi-
brosis before and after therapy.

Immunosuppressive Regimen and Evaluation of Renal
Allograft Function

At the time of renal transplant, 5 of the 11 patients
underwent induction therapy with antithymocyte globulin
(n = 2), basiliximab (n = 2), or daclizumab (n = 1) in addition
to a standard immunosuppressive regimen at the time of
transplantation. Induction therapy with antithymocyte glob-
ulin was used for 2 patients with panel-reactive antibodies
higher than 25% at the time of transplantation. Since 2011,
our center's policy has been to administer basiliximab (or
daclizumab) as induction therapy for all renal transplant pa-
tients. The patients' baseline immunosuppressive regimens
are shown in Table 1. At the initiation of anti-HCV therapy,
7 patients were treated with a standard immunosuppressive
regimen consisting of a low-dose steroid in combination with
tacrolimus (TAC) and mycophenolate mofetil (MMF; n = 6)
or mycophenolate acid (MPA; n = 1); 1 patient was treated
with steroids in combination with azathioprine and TAC;
2 patients were treated with steroids and TAC alone; and
1 patient was treated with steroids plus TAC and everolimus.
Therapeutic levels of immunosuppressive medications, such
as TAC and everolimus, were monitored routinely. Themean
prednisolone dosage for all patients was 4.77 ± 1.35 mg/d.
The dosage of MMF was 1000 mg/d (n = 2), 1500 mg/d
(n = 2), or 2000 mg/d (n = 2). The dosage of MPA was
180 mg/d (n = 1).

http://hcv.bioinf.mpi-inf.mpg.de
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TABLE 1.

Patient characteristics at baseline

Demographic characteristics Values

Age: median (range), y 52 (48–68)
Sex: men/women, n 9/2
Time from renal transplant to HCV therapy: median (range), mo 110 (44–298)
No. previous renal transplants, n 7
Previous biopsy because of proteinuria, n 5
Cause of end-stage renal disease
Nephronophthisis, n 2
Chronic glomerulonephritis, n 2
Reflux nephropathy, n 1
Alport syndrome, n 1
Other or unknown, n 5

Immunosuppressive regimens
TAC/azathioprine/everolimus, n 11/1/1
MMF/MPA coadministration, n 7
Steroid coadministration, n 11

Baseline viral characteristics
HCV genotype:
1a, n 2
1b, n 8
4, n 1

Viral load (log 10 IU/mL), median (range) 9.9 E5 (2.2 E5–4.6 E6)
Previous anti-HCV treatment None

Baseline laboratory values; median (range)
Creatinine, mg/dL 2.35 (1.46–3.65)
eGFR, mL/min per 1.73 m2 29 (15–48)
Proteinuria, mg protein/g urine creatinine 761.7 (5–6071)
Albuminuria, mg albumin per g creatinine 508.6 (13.8–4659)
Bilirubin, mg/dL 0.4 (0.2–0.6)
GGT, U/L 55 (32–567)
ALT, U/L 40 (14–100)
AST, U/L 29 (19–85)
AP, U/L 86 (36–116)
Total serum protein, g/dL 7.18 (6.42–7.96)
Albumin, g/dL 4.2 (3.6–4.6)
AFP, IU/mL 2.5 (1.1–7.2)
Hemoglobin, g/dL 13.3 (9.5–15.4)
WBC count, cells/μL 7.57 (3.37–10.9)
Platelet count, cells/nL 226 (129–313)

Baseline technical variable: median (range)
Fibroscan, kPa 4.9 (2.4–11)

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate
aminotransferase; eGFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transpeptidase;
HCV, hepatitis C virus; MMF, mycophenolate mofetil; MPA, mycophenolate acid; TAC, tacrolimus;
WBC, white blood cell.

FIGURE 1. Anti-hepatitis C virus (HCV) ribonucleic acid (RNA) viral load
in 11 HCV-positive renal transplant patients before, during, and after
treatment with grazoprevir (GZR)/elbasvir (EBR). EOT, end of treatment;
SVR, sustained virologic response; TW, treatment weeks.
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Laboratory values associated with liver and renal function
and trough levels of immunosuppressants were assessed at
baseline, weekly for the first 4 weeks of treatment, and again
at treatment weeks (TW) 8 and 12. All measurements were
repeated at weeks 4, 12, and 24 after EOT.

The GFR was calculated with the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation.6 The
protein-to-creatinine ratio in spot urine was used as an esti-
mate of the level of proteinuria. Tacrolimus and everolimus
levels were measured with immunoassays (Abbott Diagnos-
tics, Lake Forest, IL; Siemens Healthcare Diagnostics Inc.,
Deerfield IL). All other laboratory values were determined
by routine methods.
Statistical Analysis

Data are given as medians with ranges or as means with
standard deviations (SD). Repeated measurements were ana-
lyzed with 1-way analysis of variance and the Friedman test.
Differences in clinical variables at baseline and at EOTwere
analyzed with 2-tailed Wilcoxon matched-pairs tests. Sta-
tistical significance was assigned at the P level of 0.05 or less.
Statistical analyses were performed with GraphPad Prism
software, version 6.

RESULTS

Patient Characteristics

Overall, 10 of the 11 renal allograft recipients with chronic
HCV infection and advanced renal transplant dysfunction
were treated with the fixed-dose combination of GZR/EBR
without RBVonce daily for 12 weeks. The 11th patient with
HCVGT1a infectionwas treatedwithGZR/EBR for 16weeks
because of a high initial viral load. Data from these patients
were retrospectively analyzed. Baseline patient characteristics
are shown in Table 1.

Virologic Response

Eight of our patients were infected with HCV GT1b,
2 were infected with HCV GT1a, and one was infected with
HCVGT4. No patients had been previously treated for HCV
infection. Pretreatment examination detected noRAVs in any
patient. The median time between kidney transplant and the
initiation of antiviral treatment was 110 months (range, 44–
298 months). We found a median HCV RNA concentration
of 9.9 E5 (range, 2.2 E5–4.62 E6) log10 IU/mL at baseline. At
TW4, 7 patients (64%) had an undetectable viral load (HCV
GT1a, n = 2; HCV GT1b, n = 5) (Figure 1), but 4 patients
exhibited persistent detectable HCV viremia (HCV RNA,
0–33 IU/mL); 3 of these were infected with HCV GT1b and
one withHCVGT4. At TW8, these 4 patients exhibited a vi-
rologic response. All patients exhibited an EOT response af-
ter 12weeks (n = 10) or 16weeks (n = 1) of treatment, and all
11 patients exhibited SVR at 12 weeks after treatment.

Safety

The once-daily combination of GZR/EZR was generally
well tolerated by all 11 renal transplant recipients. No serious



4 Transplantation DIRECT ■ 2018 www.transplantationdirect.com
adverse effects or deaths occurred during treatment. The
most common adverse effects were arterial hypertension
(n = 8), gastrointestinal symptoms (n = 7), fatigue (n = 6),
and headache (n = 3), all of which were either mild or moder-
ate in intensity. One patient reported episodes of hyperglyce-
mia, and 1 patient reported myalgia during the first 4 weeks
of treatment. No patients discontinued antiviral treatment
because of adverse effects.

Renal Allograft Function

All kidney transplant patients exhibited impaired renal
function with a median estimated GFR (eGFR) of 29 mL/min
per 1.73 m2 (range, 15–48 mL/min per 1.73 m2) at the begin-
ning of therapy. Renal allograft function did not worsen dur-
ing therapy with GZR/EBR. All patients exhibited stable
GFR rates during the treatment course and thereafter
(Figure 2). Median GFR values were 30 mL/min per 1.73 m2

(range, 13–41 mL/min per 1.73 m2) at EOT and 27 mL/min
per 1.73m2 (range, 5–50mL/min per 1.73m2) at 12weeks after
EOT (Figure 2A). No significant improvement in renal allograft
function was observed during 12 weeks of treatment or during
the follow-up period. No episodes of allograft rejection were
recorded during antiviral therapy. At follow-up week 4 after
EOT, 1 patient experienced allograft failure requiring
chronic dialysis (Figure 2B). Allograft failure was not associ-
ated with DAA therapy or HCV infection but was related to
biopsy-proven progressive diabetic nephropathy in the renal
graft because of posttransplant diabetes mellitus; this condition
hadbeen diagnosed before the initiation ofHCV therapy.No sig-
nificant changes in the median levels of proteinuria were de-
tected in allograft recipients before or after anti-HCV therapy
(Figure 2C). At the initiation of DAA therapy, 6 of 11 patients
exhibited proteinuria of more than 500 mg/g urine creatinine.
Three patients experienced persistent proteinuria caused by
FIGURE 2. Renal allograft function and proteinuria in 11 renal transplant pa
after treatmentwith grazoprevir (GZR)/elbasvir (EBR). A, Boxplots ofmedian
rates at each time point. C, Boxplots of median proteinuria values at each t
treatment; SVR, sustained virologic response; TW, treatment weeks.
biopsy-proven chronic ABMR, which was treated with plas-
mapheresis and subsequent administration of immuno-
globulin before the initiation of DAA therapy. One
patient exhibited histologic signs of chronic transplant py-
elonephritis with infiltration of granulocytes, and 1 patient
had diabetic nephropathy. One patient had stable protein-
uria at a level of 1 g/g urine creatinine; this condition was
not histologically evaluated because of stable renal allo-
graft function, lack of donor-specific HLA antibodies, and
the patient's decision. Individual proteinuria values remained
mostly stable during and after DAA treatment, except for
1 patient with previous biopsy-proven chronic antibody-
mediated rejection (Figure 2D).

Immunosuppressive Therapy

The immunosuppressive regimens given at the initiation of
antiviral treatment are displayed in Table 1. All patients were
treated with a TAC-based regimen. After 4 weeks of therapy,
trough levels of TAC had declined moderately, requiring an
adjustment of the daily dosage (Figure 3). Nine (82%) pa-
tients required dose adjustments of TAC for maintenance of
adequate trough levels: mean TAC dosage/concentration ratio
was 0.58 mg/ng per day (range, 0.12–1.52 mg/ng per day) at
baseline; 0.56 mg/ng per day (0.21–0.97 mg/ng per day) at
EOT; and 0.86 mg/ng per day (0.23–1.82 mg/ng per day)
12 weeks after EOT. Everolimus was combined with TAC
for 1 patient. For this patient, the trough level of everolimus
had decreased slightly at TW4, requiring minor dosage mod-
ifications (n = 1; data not shown).

Liver Function Parameters

All renal allograft recipients exhibited an improvement in
liver function during the course of GZR/EBR therapy. The
activity of alanine aminotransferase (ALT) and aspartate
tients with advanced Chronic Kidney Disease (CKD) before, during, and
glomerular filtration rate (GFR) values at each time point. B, Individual GFR
ime point. D, Individual proteinuria levels at each time point. EOT, end of

http://www.transplantationdirect.com


FIGURE 3. Tacrolimus (TAC) trough levels and dosages for 11 renal
transplant patients before, during, and after treatment with grazoprevir
(GZR)/elbasvir (EBR). TAC trough levels are presented as boxplots,
and TAC dosages are presented as means with standard error of the
mean (SEM). EOT, end of treatment; SVR, sustained virologic response;
TW, treatment weeks.
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aminotransferase (AST) decreased significantly from baseline
levels as EOT approached (P < .0001; Figure 4A). The ini-
tially elevated activity of gamma-glutamyl transpeptidase
(GGT) also normalized quickly, by 8 weeks after the initia-
tion of therapy (P < .0001; Figure 3A). The activity of trans-
aminases and GGT was stable within normal ranges at
12weeks after EOT. ASTactivity decreased from the baseline
median level of 29 U/L (range, 19–85 U/L) to 18 U/L (range,
12–20 U/L) at EOT and to 14 U/L (range, 11–21 U/L) at
12 weeks after EOT (P < .0001). ALT activity decreased from
the baseline median level of 40 U/L (range, 14–100 U/L)
to 13 U/L (range, 9–20 U/L) at EOT and to 15 U/L
(range, 9–20 U/L) at 12 weeks after EOT (P < .0001). Simi-
larly, GGTactivity decreased fromamedian of 55U/L (range,
32–567U/L) at baseline to 26U/L (range, 18–117U/L) at EOT;
it remained steady at 26 U/L (range, 12–104 U/L) at 12 weeks
after EOT (P < .0001).However, therewere no statistically sig-
nificant differences between pretreatment and posttreatment
serum bilirubin levels, international normalized ratios, and al-
kaline phosphatase activity (data not shown). Although liver
stiffness showed a trend toward improvement in 2 patients
with pretreatment values higher than 10 kPa, no significant
changes in liver stiffness were found in patients with normal
liver elasticity levels at the initiation of treatment (Figure 4B).
FIGURE 4. Parameters related to liver function and fibrosis in 11 renal tr
(GZR)/elbasvir (EBR). Data are presented as means with standard dev
aminotransferase (ALT), and gamma-glutamyl transpeptidase (GGT). B,
a follow-up period of 4 weeks after end of treatment (EOT). Data are pre
response; TW, treatment weeks.
DISCUSSION

A cohort of 11 renal allograft recipients with chronicHCV
GT1a, GT1b, or GT4 infection was treated with GZR/EBR.
None of the patients had been previously treated for HCV.
All patients exhibited a SVR at 12 weeks after EOT (SVR12)
with no serious adverse effects, including acute renal dysfunc-
tion and rejection. After the initiation of DAA therapy, TAC
trough levels decreased, but these decreases could be corrected
by a moderate dose adjustment. Despite a markedly impaired
GFR at the initiation of GZR/EBR treatment, renal allograft
function remained stable during and after treatment, except
for 1 patient with progressive diabetic nephropathy of the
transplanted organ. Hepatic inflammation, characterized by
elevated liver enzyme activity, was substantially reduced after
treatment. Liver elastography showed a trend toward im-
provement in those patients with baseline levels indicating im-
pairment in liver function. Overall, these results indicate that
treatment with GZR/EBR is safe and effective for renal trans-
plant recipients with impaired renal allograft function (GFR
lower than 30 mL/min per 1.73 m2).

GZR is an NS3/4A protease inhibitor, whereas EBR is an
NS5a inhibitor. The main route of elimination is the biliary
tract (>90%); renal elimination is extremely low (<1% in
urine). Treatment with GZR/EBR has been shown to be safe
and effective for patients with chronic HCV GT1 infection
and advanced chronic renal kidney disease, as well as for di-
alysis patients; this RBV-free combination therapy achieves
SVR12 for 94% of patients.7 To our knowledge, we are the
first to present the results achieved by using this combination
therapy to treat renal transplant recipients with impaired
graft function (GFR lower than 30 mL/min per 1.73 m2).

New treatment options for renal transplant recipients re-
quire careful evaluation with regard to DDIs with immuno-
suppressants. Calcineurin inhibitors (TAC and cyclosporine)
and mechanistic target of rapamycin inhibitors (everolimus,
sirolimus) are substrates of cytochrome P450. For this rea-
son, they exhibit clinically relevant interactions with many
DAAs, such as ombitasvir and ritonavir.8 Recently, various
sofosbuvir-based regimens have been used to treat renal trans-
plant recipients with chronic HCV infection; these regimens
should theoretically not interact with cytochrome P450 activ-
ity and have been shown to be effective in eliminating HCV
virus from renal transplant recipients.9-11 A moderate but
relevant decrease in calcineurin inhibitor levels has been
ansplant patients before, during, and after treatment with grazoprevir
iation (SD). A, Activity of aspartate aminotransferase (AST), alanine
Liver elastography as determined by Fibroscan at baseline and after
sented as medians with interquartile range. SVR, sustained virologic
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observed with several sofosbuvir-based regimens.10,11 Our
cohort of 11 patients was treated with a TAC-based immuno-
suppressive regimen; cyclosporine comedicationwas not appro-
priate because it leads to a threefold increase in GZR-levels.4,12

We observed only a moderate decrease in trough levels of TAC,
requiring adjustments in the TACdosage for 9 of the 11 patients
treated with GZR/EBR. A recent publication reported that
3 liver transplant recipients who required dialysis were
treated with GZR/EBR and required frequent adjustments
of the TAC dosage during HCV treatment.5

In our cohort, although the mean GFRwas 29mL/min per
1.73 m2, renal allograft function remained stable during
treatment with GZR/EBR. One patient with advanced dia-
betic glomerulopathy in the kidney graft exhibited end-stage
renal disease after EOT; this adverse effect was most likely
not related to DAA treatment. A study by Roth and col-
leagues involved 224 patients with advanced renal disease
(CKD stage 4 to 5) who did not undergo transplant; 173were
undergoing dialysis at the initiation of treatment with GZR/
EBR. No statistically significant improvement or deteriora-
tion in renal function was observed between the immediate
HCV treatment group (n = 111) and the delayed HCV treat-
ment group (n = 113).7

Proteinuria at a level higher than .5 g/g urine creatinine oc-
curs quite frequently, in more than 50% of all renal trans-
plant patients before the initiation of HCV treatment. We
observed no significant changes in proteinuria levels during
or after treatment. Our findings are in line with those from
a nontransplant cohort with CKD stage 4 or 5.7

Adverse effects were mild to moderate and included gas-
trointestinal symptoms, fatigue, headache, and arterial hy-
pertension. These effects are often described in association
with protease inhibitor treatment.7,13 Aworsening of arterial
hypertension was observed in 8 of our 11 patients. Because
most of our patients were taking antihypertensive medica-
tions, a potential DDI may have caused this phenomenon.

Substantial evidence indicates that chronic HCV infection
among renal allograft recipients is associated with a higher
risk of renal impairment and graft loss and with higher mor-
tality rates.14-16 For renal allograft recipients, HCV has been
implicated in the pathogenesis of glomerular diseases and in
the occurrence of new-onset diabetes after transplantation,
conditions that may lead to cardiovascular disease and ma-
lignancy.17-21 This incidence supposes that chronic HCV
infection requires consequent treatment, themore so because
chronic HCV infection is no longer an important challenge
for renal transplant recipients.16,22-24 We and others have
shown that sofosbuvir-based regimens are highly effective
in treating HCV infection in renal transplant recipients with
a stable GFR higher than 30 to 40 mL/min per 1.73 m2.9-11

Although impaired graft function in renal transplant patients
with chronic HCV infection has so far minimized treatment
options with DAAs, a large randomized cohort study re-
cently demonstrated the efficacy and safety of combination
therapy with GZR/EBR for renal patients with CKD stage
5 with or without dialysis.6 Here we report that HCV treat-
ment with GZR/EBR is an effective and safe option for renal
transplant recipients with chronic HCV infection and im-
paired renal allograft function. This new treatment option
for HCValso changes the paradigm for using HCV-positive
donor organs. Patients on the transplant waiting list whose
liver function is not substantially impaired can be given an
HCV-infected allograft and can begin antiviral treatment
early after transplant, with predictable benefits similar to
those reported for patients with hepatitis B infection.25-27 A
recent study reported the successful use of GZR/EBR as
pretransplant prophylaxis for noninfected recipients of a
kidney transplant from an HCV-infected donor.28

The available data are limited and do not yet indicate the
ideal timing of HCV treatment after renal transplant. Curing
HCV earlier in the posttransplant course may theoretically
offer benefits such as lower rates of HCV-associated nephrop-
athy, new-onset diabetes, and cryoglobulin-related and liver-
related complications. Of course, these benefits must be
balanced with the risk of acute kidney injury early after renal
transplant because of the potential for DDIs between DAAs
and immunosuppressive agents. In any case, HCV treatment
before and after kidney transplant is no longer an obstacle.
ACKNOWLEDGMENTS
The authors thank Anne Achterfeld and Petra Plaar for ex-
cellent technical assistance. The authors are indebted to all
coworkers at the University Hospital Essen who were in-
volved in this study and provided skillful and assiduous
care for our patients during therapy. Editorial assistance
was provided by Florence M. Witte, PhD, of Bluegrass
Editorial Services Team, LLC, Lexington, KY, USA; this
support was funded by the Dean of the Faculty of Medicine,
University of Duisburg-Essen. We acknowledge support
by the Open Access Publication Fund of the University of
Duisburg-Essen.

REFERENCES
1. Charlton M. Telaprevir, boceprevir, cytochrome P450 and immunosup-

pressive agents—a potentially lethal cocktail. Hepatology. 2011;54:3–5.
2. Herzer K, Papadopoulos-Köhn A, Achterfeld A, et al. Management of

telaprevir-based triple therapy for hepatitis C virus recurrence post liver
transplant. World J Hepatol. 2015;7:1287–1296.

3. European Association for the Study of the Liver. EASL recommendations
on treatment of hepatitis C 2016. J Hepatol. 2017;66:153–194.

4. Belli LS, Duvoux C, Berenguer M, et al. ELITA consensus statements on
the use of DAAs in liver transplant candidates and recipients. J Hepatol.
2017;67:585–602.

5. Martin MT, Koppe S. Elbasvir/grazoprevir use in postliver transplantation
patients on hemodialysis. Transplantation. 2017;101:2088–2091.

6. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;150:604–612.

7. Roth D, Nelson DR, Bruchfeld A, et al. Grazoprevir plus elbasvir in treat-
ment-naive and treatment-experienced patients with hepatitis C virus ge-
notype 1 infection and stage 4–5 chronic kidney disease (the C-SURFER
study): a combination phase 3 study. Lancet. 2015;386:1537–1545.

8. Talavera Pons S, Boyer A, Lamblin G, et al. Managing drug-drug interac-
tions with new direct-acting antiviral agents in chronic hepatitis C.Br J Clin
Pharmacol. 2017;83:269–293.

9. Sawinski D, Kaur N, Ajeti A, et al. Successful treatment of hepatitis C in re-
nal transplant recipients with direct-acting antiviral agents. Am J Trans-
plant. 2016;16:1588–1595.

10. Eisenberger U, Guberina H, Willuweit K, et al. Successful treatment of
chronic hepatitis C virus infection with sofosbuvir and ledipasvir in renal
transplant recipients. Transplantation. 2017;101:980–986.

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

12. Anand AC. Potential liver transplant recipients with hepatitis C: should
they be treated before or after transplantation? J Clin Exp Hepatol.
2017;7:42–54.

13. Vallet-Pichard A, Pol S. Grazoprevir/elbasvir combination therapy for HCV
infection. Therap Adv Gastroenterol. 2017;10:155–167.

14. Mathurin P, Mouquet C, Poynard T, et al. Impact of hepatitis B and C virus
on kidney transplantation outcome. Hepatology. 1999;29:257–263.

http://www.transplantationdirect.com


© 2018 Wolters Kluwer Eisenberger et al 7
15. Bruchfeld A, Wilczek H, Elinder CG. Hepatitis C infection, time in renal-
replacement therapy, and outcome after kidney transplantation.
Transplantation. 2004;78:745–750.

16. Fabrizi F. Hepatitis C virus infection and dialysis: 2012 update. ISRN
Nephrol. 2012;2013:159760.

17. Terrault NA, Adey DB. The kidney transplant recipient with hepatitis C
infection: pre- and posttransplantation treatment. Clin J Am Soc Nephrol.
2007;2:563–575.

18. Kahraman A, Witzke O, Scherag A, et al. Impact of immunosuppressive
therapy on hepatitis C infection after renal transplantation. Clin Nephrol.
2011;75:16–25.

19. 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.

20. Tarantino A, Campise M, Banfi G, et al. Long-term predictors of survival in
essential mixed cryoglobulinemic glomerulonephritis.Kidney Int. 1995;47:
618–623.

21. LeeMH, YangHI, Lu SN, et al. Chronic hepatitis C virus infection increases
mortality from hepatic and extrahepatic diseases: a community-based
long-term prospective study. J Infect Dis. 2012;206:469–477.
22. Kamar N, Ribes D, Izopet J, et al. Treatment of hepatitis C virus infection
(HCV) after renal transplantation: implications for HCV-positive dialysis pa-
tients awaiting a kidney transplant. Transplantation. 2006;82:853–856.

23. Carbone M, Mutimer D, Neuberger J. Hepatitis C virus and nonliver solid
organ transplantation. Transplantation. 2013;95:779–786.

24. Molnar MZ, Alhourani HM, Wall BM, et al. Association of hepatitis C viral
infection with incidence and progression of chronic kidney disease in a
large cohort of US veterans. Hepatology. 2015;61:1495–1502.

25. Cosconea S, FontaineH,Méritet JF, et al. Benefits associatedwith antiviral
treatment in kidney allograft recipientswith chronic hepatitis B virus infection.
J Hepatol. 2012;57:55–60.

26. Kucirka LM, Singer AL, Ros RL, et al. Underutilization of hepatitis C-positive
kidneys for hepatitis C-positive recipients. Am J Transplant. 2010;10:
1238–1246.

27. Joglekar K, Eason JD, Molnar MZ. Do we really need more evidence to use
hepatitisCpositivedonor kidneymore liberally?ClinKidneyJ. 2017;10:560–563.

28. Durand CM, Bowring MG, Brown DM, et al. Direct-acting antiviral prophy-
laxis in kidney transplantation from hepatitis C virus-infected donors to
non-infected recipients: an open-label nonrandomized trial. Ann Intern
Med. 2018;168:533–540.


