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Abstract
Background and Aims: Hepatitis C Virus (HCV) is uniformly
recurrent after liver transplant (LT) and recurrence is associated with an increased risk of mortality. Immunosuppressive
medications increase the risk of chronic kidney disease, and
the presence of chronic kidney disease presents a challenge
for HCV treatment in LT recipients. The aim of this study was
to assess changes in glomerular filtration rates (GFRs) of LT
recipients receiving HCV treatment. Methods: This is a retrospective study of LT patients who received HCV treatment
between 2015 and 2016 (n = 60). The outcomes of interest
were differences in serum creatinine levels and in GFR, measured at treatment initiation and at 24 weeks after treatment.
The average age of the patients was 59 years-old, and 17%
were cirrhotic and 67% were treatment-experienced. All patients received sofosbuvir/ledipasvir without ribavirin. Results:
All patients achieved sustained virologic response at 12 weeks
after treatment (SVR12). At baseline, 55% of patients had GFR
<60 mL/min per 1.73 m2. Among those patients, GFR did not
change in 18%, 33% had improved GFR, and 48% had worsened GFR. Up to 45% of the patients had a GFR >60 mL/min
per 1.73 m2. Among those patients, GFR did not change in
81%, and 19% had worsened GFR. In the entire cohort, 65%
of patients had improved or stable GFR and 35% had worsened
GFR. The average change in serum creatinine between baseline
and 24 weeks was 0.10 (p = 0.18). Conclusions: This study
showed improved or unchanged GFR in 65% and worsened
GFR in 35% of LT recipients who achieved SVR12. Worsening
of GFR was more frequently encountered in those with impaired
renal function at baseline. Caution should be used when treating HCV in LT recipients, especially those with baseline status of
renal impairment.
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Introduction
It is estimated that more than 5 million people have chronic
hepatitis C virus (HCV) infection in the USA.1 Despite the availability of effective HCV treatments, it is predicted that advanced
liver disease and its related mortality will continue to be a challenge until the year 2030.2 In the year 2015, HCV infection was
the most common diagnosis amongst liver transplant (LT)
recipients and the second most common indication for LT
listing (26%).3 According to the data from the Organ Procurement and Transplantation Network, there were 126,862 newly
registered patients for LT between 1995 and 2010, and of those
41% had HCV.4
The vast majority of patients experience recurrence of HCV
infection following LT.5 Histologic changes of chronic HCV infection can be seen in 70–90% of patients as early as 1 year
postLT.6 The median duration to progression of cirrhosis
without treatment for patients with recurrent HCV infection
postLT is 9.5 years.7 The recurrence of HCV infection is associated with worse outcomes postLT, including increased graft
failure and mortality.8–12 Fibrosing cholestatic hepatitis is a
notorious form of HCV recurrence, occurring in up to 9%,
and may lead to graft failure and death.13
The newly introduced direct-acting antiviral agents (DAAs),
administered with or without ribavirin (RBV), have revolutionized the treatment of recurrent HCV infection postLT, producing
high sustained viral response (SVR) rates.14–16 This is important as HCV infection has been found to be a risk for developing
renal insufficiency in the LT recipient. Renal insufficiency is
common in LT recipients, occurring in 14% and 18% at 3 and
5 years postLT, respectively.17 In one study, most of the decline
in glomerular filtration rate (GRF) occurred within the first
6 months following LT, with 30% or more decline occurring in
36% of the patients.18 At our institution, and probably in other
centers, HCV recurrence is treated early on, where most of the
decline of the GFR occurs, emphasizing further the need for
data on safety of the currently available therapy regimens in
the presence of renal insufficiency.
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The inevitability of HCV recurrence and renal insufficiency
development creates a unique and challenging situation due
to the limited data on the treatment of LT recipients, particularly in the presence of renal insufficiency. The American
Association for the Study of Liver Diseases (AASLD) recommends the combination of ledipasvir/sofosbuvir (LDV/SOF)
and RBV for 12 weeks for the treatment of HCV infection in LT
recipients.19 We showed that the use of LDV/SOF without RBV
is effective in achieving SVR.16 Since the data regarding the
effect of this regimen on GFR in LT recipients is limited, we
performed an ad hoc analysis to determine changes in the
GFR with HCV treatment in LT recipients.
Methods
Study design, patient population, and selection criteria
We performed a retrospective analysis of the effect of HCV
therapy for 12 or 24 weeks on the GFR in LT recipients. The
study included 60 LT recipients with recurrent HCV infection
who were seen in our LT clinic between 2014 and 2016.
Inclusion criteria were: age >19 years-old with recurrent
HCV infection postLT. In 28 patients, the diagnosis of HCV
recurrence was confirmed by liver biopsy findings. The other
32 patients were diagnosed with HCV recurrence according to
the following criteria: positive serum PCR for HCV (Roche
COBAS Ampliprep/TaqMan HCV RNA Test v2.0 >15 IU/mL)
with elevated transaminases that could not be explained by
other causes. The presence of cirrhosis was determined by
documented radiologic imaging (ultrasound, computed tomography, or magnetic resonance imaging showing surface nodularity or architectural distortion consistent with cirrhosis) or
liver biopsy findings (Metavir score = 4). GFR was obtained
using the Modification of Diet in Renal Disease Study (MDRD)
formula (eGFR = 175 3 IDMS standardized serum creatinine–
1.154 3 age–0.203 3 1.212 [if black] 3 0.742 [if female]).
The data collected through the electronic medical records
included demographics (age, race and sex), laboratory
results (GFR, albumin, platelets and alanine aminotransferase), HCV genotype, previous treatments, duration of HCV
treatment, and types of immunosuppressive medications as
well as their dosages before and after treatment.
We obtained approval from the University of Alabama’s
Institutional Review Board to conduct this study. Patients
were treated with LDV/SOF (90 mg/400 mg). The length of
treatment was determined based on viral load, the presence
of cirrhosis, and previous HCV treatment with inter provider
variability. We enrolled 60 patients who met the inclusion
criteria for this retrospective analysis.
Statistical analysis
Measures of central tendency and frequency distributions were
used to characterize the sample. Frequency distributions were
used to categorize the percentage of patients with normal and
impaired renal functioning at baseline and to categorize the
percentage of patients whose GRF improved, stayed the same,
or worsened 24 weeks after treatment. Patients who experienced any numerical increase in GFR were grouped as
improved, patients whose GFR did not increase or decrease
were grouped as stayed the same (i.e. no change), and patients
who experienced any numerical decrease in GFR were grouped
as worsened. The paired samples t-test was used to compared
creatinine levels before and at 24 weeks after treatment.
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Results
The majority of patients were male (70%), non-Hispanic White
(88%), and infected with genotype 1a (78%) (Table 1). The
mean age was 59 years-old, and a small percentage of patients
were cirrhotic (17%). The mean number of months since liver
transplantation was 69. All patients were prescribed LDV/SOF,
and 45 patients (75%) had 12 weeks of treatment, 12 patients
(20%) had 24 weeks of treatment, 2 patients (3%) had 8 weeks
of treatment and 1 patient (2%) had 16 weeks of treatment.
At baseline, the mean creatinine level was 1.19 (0.32),
27% of patients had normal renal function (GFR <60 mL/min
per 1.73 m2), and 55% of patients had renal impairment (GFR
<60 mL/min per 1.73 m2). Of those with renal impairment at
baseline, GFR improved in 33% of patients, stayed the same in
18% of patients, and worsened in 48% of patients. Of those

Table 1. Baseline characteristics

Characteristic

Value

Study population, n (%)

60 (100)

Age, mean (SD)

59 (7.24)

Sex, n (%)
Female
Male

18 (30)
42 (70)

Race/Ethnicity, n (%)
Non-Hispanic White
African-American
Other

5 (88)
6 (10)
1 (2)

Genotype, n (%)
1a
1b

47 (78)
13 (22)

Cirrhosis, n (%)

10 (17)

Months from transplantation,
mean (SD)

68.399 (68.76)

Treatment naïve, n (%)

33 (55)

Regimen, n (%)
Ledipasvir/sofosbuvir

60 (100)

Duration of treatment, n (%)
8 weeks
12 weeks
16 weeks
24 weeks

2 (3)
45 (75)
1 (2)
12 (20)

Creatinine in mg/dL, mean (SD)

1.19 (0.32)

Renal impairment at baseline
GFR <60 mL/min per 1.73m2, n (%)

33 (55)

Renal function, n (%)
Normal: GFR >60
Mild impairment: (GFR <60 but $45
Moderate impairment:
GFR <45 but $30
Severe impairment: GFR <30

27 (45)
21 (35)
11 (18)
1 (2)

Bilirubin in mg/dL, mean (SD)

1.26 (1.48)

Albumin in g/dL, mean (SD)

3.84 (0.47)

ALT in U/L, mean (SD)

63.03 (41.48)

Platelets as 103/mL, mean (SD)

150.87 (86.65)

Hemoglobin in g/dL, mean (SD)

13.21 (1.91)
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Table 2. Comparison of creatinine levels before treatment and 24 weeks
after treatment

Before
treatment

24 weeks
posttreatment

Number of
patients, n

60

60

Serum
creatinine
as mg/dL,
mean (SD)

1.19 (0.32)

1.28 (0.47)

Statistical
significance

p = 0.18

with normal renal functioning at baseline, GFR stayed the
same in 81% of patients and worsened in 19% of patients.
Altogether, 65% of the patients showed GFR improvement or
staying the same and 35% of patients showed worsened GFR
(Table 3).
There were no differences of statistical significance between
patients’ creatinine levels before and after treatment (p = 0.18)
(Table 2). It is worth mentioning that the majority of patients
in our cohort were on tacrolimus (88%), with a median dose of
3 mg (range: 0.5–18 mg) daily prior treatment compared to
2.5 mg (0.5–14) daily after completion of treatment.
Discussion
The aim of this study was to assess changes in renal function
of HCV LT patients receiving HCV treatment with DAAs.
Several main findings emerged from this study. The majority
of HCV LT patients who achieved SVR with LDV/SOF had
posttreatment renal function improvement or stability. Similarly, the majority of patients with pretreatment renal impairment had renal function improvement or stability. HCV
treatment did not significantly decrease creatinine levels.
These findings are of importance in patients who receive LT,
where the risk of renal insufficiency is increased.
Patients who had worsening of their renal function with
treatment also had shown baseline renal impairment, thus
caution should be taken while treating those patients. Omitting
the use of RBV in those patients in particular would make the
treatment less risky. Interestingly, our data showed a 100%
SVR12 rate without the use of ribavirin. Similarly, data from
the HCV-TARGET showed increased risk of worsening of renal
functions with GFR # 45 mL/min per 1.73 m2.20
The data on use of LDV/SOF with and without RBV for
treatment of recurrent HCV postLT is limited. In one study,
more than 50% of the patients treated with LDV/SOF with RBV,
had the latter discontinued. Anemia was the most common
reason for the discontinuation of RBV, and with that there was

no significant change in the creatinine level before and after the
completion of treatment.21 Another recent study looked at the
course of 73 patients who received treatment with LDV/SOF
without RBV for recurrent HCV infection after LT. Up to 82%
had baseline c chronic kidney disease (CKD stage 2 or 3. The
mean GFR was 66.8 mL/min per 1.73 m2 at treatment initiation
and never dropped below 64 mL/min per 1.73 m2 during the
observation period.22
SOF is an NS5B polymerase inhibitor, which is excreted
through the kidneys. The SOF area under the curve was 61%,
107% and 171% higher in mild, moderate and severe renal
impairment, when compared to patients with normal GFR.
The level of GS-331007, the SOF metabolite, was found to be
markedly elevated in patients with end-stage renal disease.
Thus far, the safety and efficacy of SOF in patients with severe
renal impairment has not been well established.23 On the
other hand, ledipasvir is an NS5A that is metabolized in the
liver. A recent study evaluating the SOF-based therapy for
patients with HCV infection and severe renal insufficiency,
showed increased need for recombinant erythropoietin in
those receiving RBV to maintain stable hemoglobin levels.24
HCV infection is associated with renal insufficiency and its
complications, including increased risk of mortality.25 It has
also been shown that HCV patients have up to a 23% risk of
developing and/or having CKD.26 There is no study, to our
knowledge, that addressed the effect of treatment with DAAs
on renal function; however, data from the interferon era
showed improved survival of patients with CKD and HCV who
were treated for HCV compared to those who were not
treated.27 PostLT, patients face the duo of inevitable HCV
recurrence and the risk of developing CKD. The risk of developing CKD postLT is not only related to the presence of HCV
infection but also to the use of calcineurin inhibitor-based
immunosuppressive regimens, and the possibility of the development of diabetes and hypertension.17,28 A demographic shift
is predicted in the future, where the number of older HCVinfected patients needing LT will be increased.4 With age
being a risk factor for developing CKD and the demographic
shift in the age of LT patients, one would anticipate increased
incidence of CKD postLT in the future.29 In essence, we would
be treating old patients with a higher risk of developing CKD
early after LT, where most of the decline in GFR occurs.
The timing of HCV treatment in patients with advanced
cirrhosis remains a topic of ongoing research and debate.
A study suggested delaying HCV treatment in patients with
MELD >25 until LT is done, as a cost-effective strategy.30
Another study suggested MELD <23 as an optimum treatment
threshold for patients with decompensated cirrhosis while
awaiting LT.31 For patients listed for LT, we find it reasonable
to treat those with MELD <15, individualizing the decision for

Table 3. Proportion of patients with renal improvement, no change and worsening before treatment and at 24 weeks after treatment

Renal function before
treatment GFR in
mL/min per 1.73 m2

Improved GFR
at follow-up
of 3–6 months

No change in
GFR at follow-up
of 3–6 months

Worsened GFR at
follow-up of
3–6 months

Normal: GFR >60
27 (45%)

0 (0%)

22 (81%)

5 (19%)

Impaired: GFR <60
33 (55%)

11 (33%)

6 (18%)

16 (48%)

Total 60 (100%)

11 (18%)

28 (47%)

21 (35%)
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those with MELD of 15–25 and delaying the treatment for
those with MELD >25 until after LT.32 There is a concern that
treatment would deprive those patients with MELD >25 from
accepting an HCV-positive donor liver, in addition to the fact
that SVR rates seem to be better postLT when compared to
decompensated cirrhotics prior to LT.33 Studies have showed
that successful treatment of HCV may lead to delisting of
patients awaiting LT.34–36 Some of those patients may not
have a tangible improvement in their clinical condition.
Another argument against treatment of HCV infection prior to
LT in patients with advanced cirrhosis is the low likelihood that
treatment would lead to improvement in their liver function.
Additionally, the risk of NS5A resistance with treatment failure
could limit and complicate treatment options post LT.37
Limitations of our study include the retrospective nature of
the study and the small sample size. Further studies are
needed to determine if there is any real risk of worsening
renal function with HCV treatment in the setting of baseline
renal insufficiency. Another improvement to the study design
would be to control for confounders of changes to renal
function, such as the degree of liver disease in the allograft
or the effect of immunosuppression and preexisting comorbidities such as diabetes and hypertension. Our sample size was
too small, and therefore lacked enough statistical power, to run
these types of multivariate statistical analyses—limiting the
study to a descriptive analysis. As such, although the majority
of patients with posttreatment renal function worsening had
impairment at baseline, we are unable to affirm that baseline
impairment is an independent predictor of renal functioning
worsening following DAA therapy.
Withstanding, this study explored a novel area of knowledge in a unique group of patients—those with recurrent HCV
infection postLT. This study offered reassuring information
regarding the safety of DAA therapy in postLT HCV patients.
This study provided novel descriptive data on posttreatment
renal functioning with DAA therapy in HCV LT patients, and
the study findings can be used to help spur more focus on
clinical research with this respective patient population.
Conclusions
The treatment of recurrent HCV infection postLT with LDV/
SOF was associated with stability or improvement in renal
function in the majority of patients including some with
baseline renal impairment. Caution should be exercised in
patients with baseline renal impairment when treated with
LDV/SOF, as some of those patients could develop worsening
of their renal functions. Larger studies are needed to validate
the safety of LDV/SOF in treatment of recurrent HCV infection
postLT, particularly in patients with renal insufficiency.
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