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Hepatitis C virus (HCV) infection is highly prevalent in patients with chronic kidney
disease (CKD) requiring renal replacement therapy, and is the most frequently
recognized cause of liver injury in patients with CKD. The prevalence of anti-HCV
in developing countries ranges between 7% and 40%.1–3 Risk factors for patients on
hemodialysis (HD) for acquiring HCV infection include number of previous blood
transfusions,4 duration of end-stage renal disease (ESRD),5 prevalence of HCV in HD
units,2 a history of previous transplant6 and patient age.2,7
Chronic HCV infection in patients with ESRD leads to an increase in morbidity
and mortality in the pre and post renal transplant period.8–11 The increase in mortality
is directly associated with liver complications, although HCV-related liver disease
tends to be mostly asymptomatic in patients on long-term dialysis.8,11 furthermore,
patients undergoing kidney transplantation are at risk of developing graft nephropathy
and diabetes mellitus secondary to HCV infection.12–15
Antiviral treatment may improve the prognosis of patients with HCV after kidney
transplantation; however, despite the knowledge of the mechanisms of HCV transmission in HD units, experience in the treatment of HCV infection in patients with ESRD
and in kidney transplant recipients is still limited.16
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Abstract: Infection with hepatitis C virus (HCV) is highly prevalent in chronic kidney
disease (CKD) patients, mainly in those on hemodialysis (HD). The seroprevalence of
HCV in developing countries ranges between 7% and 40%. Risk factors for this infection
in the CKD population include the number of blood transfusions, duration of end-stage
renal disease (ESRD), and prevalence of HCV in HD. Chronic HCV infection in patients
with ESRD is associated with an increase in morbidity and mortality in the pre and post
kidney transplant periods. The increase in mortality is directly associated with liver
complications and an elevated cardiovascular risk in HCV-infected patients on hemodialysis. Antiviral treatment may improve the prognosis of patients with HCV, and standard interferon remains the cornerstone of treatment. Treatment of HCV in patients with
CKD is complex, but achieving a sustained viral response may decrease the frequency of
complications after transplantation. It appears that HCV-infected patients who remain on
maintenance dialysis are at increased risk of death compared with HCV patients undergoing
renal transplantation.
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Transmission and prevalence
In most regions, HCV infection is significantly more common in people with kidney disease when compared with
the general population.17 The estimated prevalence of HCV
infection in HD patients is 3%–20% in the USA and Western
Europe.17 In 2002, approximately 8% of patients on chronic
HD in the USA were seropositive for HCV.18 Moreover, the
seroprevalence in HD patients in other regions is significantly
higher; for example, a study conducted in Egypt reported a
higher prevalence (80%) in patients on chronic HD.19
Inappropriate infection control practices, such as incorrect parenteral drug delivery, poor equipment sterilization,
or both, have been documented during some outbreaks.17
Therefore, guidelines exist for the prevention of HCV
transmission in HD units, emphasizing infection control
measures such as correct handling of parenteral medications,
disinfection of HD machines and handwashing.20,21 HCV
infection should be routinely sought in patients on chronic
HD by determining anti-HCV antibody titers. In case of
patients with negative results, the test should be repeated
every 6–12 months.21

Natural history of HCV infection
in patients on dialysis
HCV infection does not usually present with acute symptoms, and disease progression is a long-term process.
Mostly, patients are diagnosed with HCV infection after
blood screening; no symptoms or elevations of liver enzyme
levels are specific of the disease. Spontaneous clearance
of HCV RNA has been documented in 1% of untreated
patients on HD.22
The impact of ESRD on the progression of liver injury
secondary to HCV infection is difficult to assess due to
the high mortality rate in patients in chronic HD units, and
because assessing the degree of liver disease by biopsy is
challenging due to the associated comorbidities, such as
platelet disorders, prevailing in this population.
Transient elastography is a noninvasive tool designed
to assess the severity of hepatic fibrosis in terms of organ
stiffness; it has been evaluated in HCV-infected patients on
HD and compared with liver biopsy. Transient elastography
appeared to be superior to other noninvasive methods
(aspartate aminotransferase/platelet ratio index), and could
potentially decrease the need for staging liver biopsies in HD
patients with HCV infection.23
Fabrizi et al established that the relative risk of death in
patients with ESRD and HCV infection (all-cause mortality),
was 1.35 (95% confidence interval [CI] 1.25–1.47); liver
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disease was the most frequent cause of death in this group
of patients on HD.24
A study of the natural course of HVC infection in HD
patients was conducted by Okuda and Yokosuka25 who compared
189 patients with chronic HVC infection on HD (cases) and
patients with chronic HCV infection and no ESRD (controls);
the patients were age-matched and followed for 4–23 years.
No cases progressed to cirrhosis, while 25% of patients in the
control group developed cirrhosis (P,0.0001). Although overall mortality increases with HCV infection in ESRD patients,
disease progression and development of liver failure appear to
be slower and/or less likely in uremic patients.26,27
A recent meta-analysis of 14 observational studies
demonstrated an independent and significant impact of
HCV on mortality among patients on long-term dialysis,
with an adjusted relative risk of 1.35 (95% CI 1.25–1.47);
cardiovascular mortality was 1.26 (95% CI 1.10–1.45) in
HCV-positive, being a major cause of death.28
The course of the infection is not thoroughly understood,
but some hypotheses argue that the viral load decreases
in ESRD patients on HD when compared with nonuremic
controls; however, not all the studies support this theory.29,30
Passage of viral particles into the dialysate fluid, trapping
of the virus on the surface of the dialyzer membrane, and
the significant amount of cytokines with antiviral properties indirectly produced by the host are the main areas of
speculation in the tentative explanation of the effect of HD
on HCV viremia.31
The evidence for a relationship between HCV and survival among patients on peritoneal dialysis is more limited,
the incidence of liver disease-related mortality is higher in
patients with HCV infection than in HCV-negative cases and
may be related to impaired nutritional status.32

HCV infection in kidney transplant
recipients
The management of kidney transplantation in HCV-positive
patients remains a challenge because, aside from renal failure,
liver disease must be taken into account. Various studies have
revealed that, overall patient and graft survival are significantly shortened. Mortality resulting from liver disease as
well as the risk of developing hepatocellular carcinoma are
increased in HCV-positive kidney transplant recipients.33,34
Good survival rates have been obtained in these patients,
especially if they have minimal or well-controlled liver
disease.35 In patients undergoing renal transplantation in the
setting of established cirrhosis and a hepatic portal venous
gradient (HPVG) below 10 mmHg, a combined liver-kidney
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transplantation may be unnecessary and a kidney transplant
alone may be safely performed.36,37
The impact of immunosuppression on the clinical course
and progression of HCV infection in kidney transplant recipients is not completely elucidated; frequently, HCV RNA
levels increase after transplantation, which may be related to
a decrease in viral clearance.38 Further, the role of immunosupression on the progression of fibrosis in cases of HCV
infection is uncertain in kidney transplant recipients. Several
studies have found that the patterns of fibrosis progression
are stable and may even improve after treatment;39,40 in fact,
cyclosporine inhibits the replication of HCV in vitro.41
There are case reports of fibrosing cholestatic hepatitis
after kidney transplant related to immunosuppression. This
entity is difficult to treat and is associated with high morbidity
and mortality rates, and its treatment is associated with risk of
graft rejection.42,43 Survival of patients with fibrosing cholestatic hepatitis improves with early initiation of PEGylated
interferon (IFN)-α2a and ribavirin therapy, strict monitoring
by biopsy and HCV load determinations, and replacement
of tacrolimus with cyclosporine.44 Aside from the liver complications associated with HCV infection, kidney transplant
patients can develop immune complex glomerulonephritis
and renal interstitial fibrosis and tubular atrophy (previously
known as chronic allograft nephropathy).45
Despite the potential development of complications
and progression of HCV infection in renal post-transplant
patients, HCV infection is not considered a contraindication
for kidney transplantation because survival after transplantation is markedly higher than that of HCV patients who remain
on chronic HD.46,47

Treatment of HCV infection in CKD
patients in different settings
More information on the treatment of HCV infection in
patients with CKD has recently become available. As in most
patients with hepatitis C, the decision to initiate therapy is
largely based on the stage of the liver disease, the expectation
of a sustained viral response (SVR) and associated comorbidities. HCV patients on HD who are kidney transplant
candidates should be treated more aggressively since viral
eradication before kidney transplantation fosters a decrease
of both hepatic and renal complications.

Treatment of chronic HCV
in patients with ESRD
The risk of death in patients with HCV infection on
dialysis is higher than in patients on dialysis without
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HCV.48 It is recommended that HCV-positive patients
who are candidates for kidney transplantation be treated
with antiviral therapies. Tested therapeutic modalities for
this group of patients include IFN alone or in combination with ribavirin. Infections due to HCV genotypes 1
and 4 are less responsive to IFN-based therapy and require
treatment for 48 weeks (Figure 1).

Monotherapy with standard IFN-α
There are reports demonstrating that use of IFN in patients
awaiting kidney transplantation is associated with higher
SVR rates as well as continuous biochemical improvement
in the post-transplant period; also, HCV-infected patients who
are renal transplant candidates and treated with IFN show
lower rates of renal interstitial fibrosis and tubular atrophy.49
This may be the result of the lower viral loads described in
these patients, or a result of the incomplete removal of IFN
during HD.
IFN therapy on HD patients is not well tolerated so high
dropout rates are seen. Neurological (21%) and gastrointestinal (18%) adverse effects are reported.
At least two meta-analyses have shown that standard IFN therapy is associated with the achievement of
SVR, although there is no evidence that this impacts the
survival of patients with ESRD on HD. In patients with
ESRD infected with HCV, conventional treatment with
IFN monotherapy at a dose of 1–6 million units daily or
three times a week for 12–48 weeks leads to SVR rates
of 39%–41%, with treatment-related dropout rates of
26%–27%.22,50
Predictive factors associated with the response to IFN
include: dosage (3 million units or above), duration of therapy
(at least 6 months), low pretreatment viral load and liver histology (moderate injury).22,51–53 Patients with decompensated
liver disease are not candidates for treatment, the treatment
should be stopped for those who do not achieve a negative
viral load after 4–8 weeks of treatment, since the probability
of SVR is remote.
In accordance with the 2008 KDIGO (Kidney Disease:
Improving Global Outcomes) guidelines (Table 1),20 the
standard IFN dosage should be adjusted if the glomerular
filtration rate is below 15 mL/min/1.73 m2; recommended for
the management of HCV patients who are kidney transplant
candidates, those on HD, and those with stage 5 CKD.

PEGylated IFN monotherapy
There is no reported difference in the clearance of
PEGylated IFN monotherapy (PEG-IFN-α2a) between
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HCV RNA (+)
Liver biopsy/transient elastopgraphy
or catheterization (HPVG)

Consider for antiviral treatment
– IFN
– PEG-IFN
– Dual therapy?
– New antiviral agents?

Consider for combined liverkidney transplantation

Response/SVR
Not candidate for antiviral
treatment
Waiting list for kidney
transplantation from either
anti-HCV (+) or (–) organ donor
instead of chronic HD

No

Yes

Consider kidney
transplantation from
anti-HCV (–) donor

Figure 1 Proposed algorithm for evaluation and allocation of renal transplant candidates with HCV infection.
Abbreviations: ESRD, end-stage renal disease; HCV, hepatitis C virus; HCV (+), positive for hepatitis C virus; HCV (-), negative for hepatitis C virus; HPVG, hepatic portal
venous gradient; HD, hemodialysis; IFN, interferon; PEG-IFN, PEGylated IFN; SVR, sustained viral response.

patients with normal renal function and those with
significantly decreased renal function (glomerular filtration rate 100 mL/min versus 20–40 mL/min). PEG-IFN
pharmacokinetics may vary during the HD process. The
largest series of HCV patients treated with PEG-IFN
reported SVR rate of 14.1% and a high rate of adverse
events (83%).54 Recently, Wang et al prospectively evaluated the efficacy and tolerability of low doses of standard
IFN-α2b (1.5×106 U three times per week) and PEG-IFNα2a (67.5 μg once a week) in HCV-positive HD patients;
SVR with PEG-IFN was obtained in 91.7% of cases, with
a dropout rate of 8.3%. With standard IFN, SVR rate of
71.4% was achieved, with a dropout rate of 28.6%. Anemia was the most frequent side effect, observed in 55.5%
of cases and erythropoietin therapy was required.55 Two
meta-analyses showed SVR and treatment-related dropout
rates of 31%–37% and 23%–28%, respectively, which is
comparable with standard IFN therapy.22,56
A study directly comparing treatment with standard IFN
vs PEG-IFN demonstrated superior efficacy and safety of
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PEG-IFN.57 Similarly, there were some predictors of SVR
with PEG-IFN therapy, including low pretreatment levels of
HCV RNA and a rapid virologic response.57 In HCV-infected
patients with CKD stages 3, 4 and 5 awaiting dialysis therapy,
monotherapy of PEG-IFN with doses adjusted according to
kidney function is suggested in accordance with the 2008
KDIGO guidelines (Table 1).20

Combination therapy of standard IFN
plus ribavirin
The elimination rate of ribavirin in patients with impaired
renal function is decreased, and a small fraction of the
drug is removed by HD. Ribavirin is contraindicated
in patients with ESRD infected with HCV, because of
the potential risk of life-threatening hemolytic anemia.
However, some studies have shown that using a low dose
of ribavirin (200–400 mg three times a week) in order
to obtain serum levels of 10–15 μmol/L, combined with
standard IFN plus high doses of erythropoietin, could be
acceptable in these patients.
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There is no information available on the appropriate ribavirin dosage or its adverse effects in patients with HCV who
are on dialysis. There are some studies involving small numbers of patients treated with combination therapy (IFN + ribavirin) and different ribavirin doses, yielding different SVR
(17%–66%) and discontinuation (0%–33%) rates.58–60
A meta-analysis by Fabrizi et al61 reported SVR rate
of 56% (95% CI 28–85) and a dropout rate of 25% (95%
CI 10–40). The most frequent side effects requiring
interruption of treatment were anemia (26%) and heart
failure (9%). Despite this evidence, ribavirin is not recommended for routine use in the management of HCV
patients with a glomerular filtration rate below 50 mL/
min unless a new large-scale study confirms its safety
profile.

Combined antiviral therapy of
PEG-IFN plus ribavirin
There is little information of the use of double therapy in
HCV patients with CKD. In a prospective study of HCV
patients on chronic HD (young patients awaiting kidney transplantation), cases were treated for 24–48 weeks depending on
genotype; the SVR rate was 97.5%, 74% of patients required
treatment with erythropoietin, and 31% required reduction
of the ribavirin dosage. These patients also required higher
erythropoietin doses (10,000–40,000 IU/week) to maintain
an adequate dose of ribavirin during treatment to achieve
adequate viral suppression. In this study, like in other settings, patients with HCV genotypes 2 and 3 had higher SVR
rates compared with genotypes 1 and 4.62
Patients who relapsed after initial treatment with IFN monotherapy were evaluated in a study by Djordjeviƈ et al in which
four patients relapsed after 12 weeks of conventional therapy
were considered for a second treatment consisting of standard
IFN administered for another 24 weeks, although all patients
had viral suppression, none achieved SVR.63 In a second study
conducted in 2009, 35 patients relapsing at week 24 were
retreated with double standard therapy of IFN or PEG-IFN and
ribavirin for 48 weeks (genotype 1) and 24 weeks (genotype
2), the average SVR was 60%, albeit higher in patients with
genotype 2 (80% versus 52%), most patients required combined
treatment with erythropoietin. Independent predictors of SVR
were pretreatment viral load and rapid virologic response.64
Recently, 12 HCV-positive (kidney and liver) transplant
recipients treated with PEG-IFN-α plus ribavirin were
studied; no acute rejection was observed, renal function
remained stable during and after discontinuing treatment,
and there was no allograft dysfunction. Two patients
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had a partial virologic response and four had SVR; these
data suggest that combination therapy does not increase
the risk of acute kidney graft rejection after liver-kidney
transplantation.65
Combined antiviral treatment with PEG-IFN and ribavirin
is suggested in HCV-infected patients with CKD grades 1 or 2,
as in the non CKD population. Ribavirin doses should be
titrated according to patient tolerance and in accordance with
the 2008 KDIGO guidelines (Table 1).20

Acute HCV therapy in patients
with ESRD
HCV progresses to chronic infection in 90% of uremic
patients. Monitoring aminotransferase levels in the HD
population may facilitate the detection of acute viral infections. In terms of the management of acute HCV infection,
some studies have evaluated therapy based on IFN-α for
12 weeks and reported that 67% of patients with acute
hepatitis C achieved SVR compared with 0% of without
treatment patients.66
A recent meta-analysis 67 determined that virologic
response after antiviral therapy was more common than
spontaneous viral clearance in dialysis patients with acute
hepatitis; also, IFN-based treatment of acute hepatitis C in
dialysis populations yielded SVR in 50% of cases.

Treatment of chronic HCV in
kidney transplant candidates
Evidence regarding standard IFN therapy in HD patients
shows that 38% of patients achieved SVR; of these, 76%
were transplanted and received immunosuppressive therapy
with antithymocyte globulin, and viremia was absent in
100% of patients 22.5 months after transplantation.68
The use of IFN before renal transplantation may decrease
the occurrence of de novo or recurrent glomerulonephritis.
An additional benefit of pretransplant antiviral therapy is a
decreased incidence of renal interstitial fibrosis and tubular
atrophy, since HCV infection has been implicated in its pathogenesis. Antiviral therapy can also decrease the incidence of
post-transplant diabetes mellitus in the graft recipient.
HPVG has recently been proposed as a parameter to
determine whether well compensated cirrhotic patient can
be considered for block transplantation or only kidney
transplantation. The consensus suggests that patients with
a HPVG ,10 mmHg should be candidates only for renal
transplant.34,69
A systematic review and meta-analysis suggest that HCV
patients who remain on HD have 2.19 times greater risk of
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Table 1 Summary by the National Kidney Foundation Kidney Disease Outcomes Quality Initiative of KDIGO guidelines for the
prevention, diagnosis, evaluation and treatment of hepatitis C in patients with chronic renal failure 200885
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Screening for HCV infection
•
•
•
•
•
•

It is suggested that patients with chronic renal failure should be evaluated for HCV infection (weak evidence)
Determine the presence of HCV in patients on hemodialysis therapy (grade 5) and renal transplant candidates (strong evidence)
Hemodialysis patients should be evaluated for HCV infection when they begin therapy or change hemodialysis machine (strong evidence)
Patients who have been tested and found to be negative for HCV should again be evaluated every 6–12 months (moderate evidence)
Assessment should be performed with viral RNA determination in patients with unexplained elevated aminotransferase levels (strong evidence)
A new case of HCV infection in a hemodialysis unit should prompt the determination of viral RNA in all potentially exposed patients (strong
evidence)

Treatment of HCV infection in patients with chronic renal insufficiency
• It is suggested that the decision to initiate treatment should be based on its potential benefits and risks, and it must take into account life expectancy,
comorbidities, and availability of kidney transplantation (weak evidence)
• It is suggested that HCV-infected patients accepted for kidney transplant should be treated (weak evidence)
• It is suggested that patients with HCV infection who have received a kidney transplant should consider treatment if benefits outweigh the risk of
allogarft rejection due to IFN therapy (life-threatening hepatitis and fibrosing cholestatic vasculitis) (weak evidence)
• Consider antiviral therapy in patients with HCV infection-associated glomerulonephritis (weak evidence)
• In patients with chronic kidney disease grade 1 and 2, suggest the use of combination therapy: use of PEG-IFN and ribavirin (weak evidence)
• Patients with grade 3–5 chronic kidney disease who are not on dialysis therapy should be administered, PEG-IFN should be adjusted according to
kidney clearance (weak evidence)
• Patients with grade 5 chronic kidney disease who are on maintenance dialysis therapy, should be treated with standard IFN monotherapy, adjusted
according to kidney clearance (,15 mL/min/1.73 m2) (weak evidence)
• Treatment response was defined as SVR, the absence of viral RNA after 6 months of completing antiviral treatment (weak evidence)
Prevention of HCV transmission in hemodialysis units
• Hemodialysis units should ensure implementation and adherence to strict infection control measures designed to prevent transmission of blood-borne
pathogens (strong evidence)
Handling of HCV-infected patients before and after kidney transplantation
• HCV infection should not be considered a contraindication to kidney transplantation (moderate evidence)
• It is suggested that candidates for kidney transplant and coexisting HCV infection should have a liver biopsy before transplantation (weak evidence)
• Renal transplant candidates with HCV infection should be considered for treatment with standard IFN before transplantation (weak evidence)
• All kidney donors should be evaluated for HCV (strong evidence)
• It is suggested that kidney transplantation of grafts from donors infected with HCV should be restricted to recipients with a positive HCV viral load
(weak evidence)
• All maintenance immunosuppressive therapy should be considered in patients with kidney transplant recipients and HCV (weak evidence)
• Post-transplant patients requiring antiviral therapy should be treated with standard IFN (weak evidence)
• All patients receiving HCV-infected kidney transplants should be evaluated for development of hyperglycemia after transplantation (weak evidence)
Abbreviations: HCV, hepatitis C virus; IFN, interferon; KDIGO, Kidney Disease: Improving Global Outcomes; PEG-IFN, PEGylated IFN; SVR, sustained viral response.

death when compared with those who undergo kidney transplantation; eight patients need to be transplanted to prevent one
death, particularly in HCV patients aged 45 years or older.47
Patients with chronic hepatitis C should be treated with
standard therapy or PEG-IFN. If there is no early viral
response, treatment should be discontinued and patients
should be referred to a specialist in hepatology for a second
evaluation. Moreover, if an early viral response is obtained,
waiting is recommended for at least 28 days after administration of IFN prior to kidney transplantation.20–34

Treatment of patients with HCV
after kidney transplantation
It has been postulated that the immune stimulating effects
of IFN can promote allograft rejection in patients who
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receive a kidney transplant. Hassan et al recently evaluated
12 HCV-positive liver-kidney transplant recipients treated with
PEG-IFN-α plus ribavirin. No acute rejection was observed,
renal function remained stable during and after discontinuing
treatment, there was no allograft dysfunction, two patients had
a partial viral response, and four had SVR. These data suggest
that combination therapy did not foster a higher risk of acute
kidney graft rejection after liver-kidney transplantation.70
Recently, Wei et al71 conducted an updated meta-analysis
to evaluate IFN-based antiviral therapy in HCV infection
after renal transplantation. The overall comparative SVR
rates in PEG-IFN-based and standard IFN-based therapy
were 40.6% and 20.9%, respectively. The most frequent
side effect requiring discontinuation of treatment was graft
dysfunction (occurring in 45% of cases), demonstrating the
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limited safety and efficacy of IFN-based antiviral therapy for
HCV infection after kidney transplantation.
Based on the KDIGO guidelines (Table 1),20 IFN therapy
should be considered in patients at high risk of graft loss,
like fibrosing cholestatic hepatitis or threatening life vasculitis. If immunosuppressive agents are used with new
antiviral drugs such as protease inhibitors, like telaprevir
and boceprevir, the risk of drug toxicity is increased.72

Kidney donor with positive serology
for HCV
Several studies have established that HCV-positive transplant
recipients receiving organs from HCV-positive donors suffer
from higher rates of liver disease but not lower survival rates
when compared with patients who receive organs from HCVnegative donors.73 HCV can be transmitted from an infected
donor to the recipient, and there are factors that influence the
transmission of HCV infection, such as viral load.
Only 29% of HCV-positive recipients are transplanted
with HCV-positive kidneys. The kidneys are discarded 2.5
times more often due to the sense that HCV-positive kidneys may adversely compromise recipient liver function.
Despite the slightly increased risk, a national study has
suggested that there is likely to be a survival benefit in most
HCV-positive patients transplanted from an HCV-positive
kidney compared with waiting for an HCV-negative organ.74
Recently, Kucirka et al analyzed 6,250 patients with HCV
who had undergone a kidney transplant and were captured
in the United Network for Organ Sharing (UNOS) database.
They recorded the liver-related outcomes and found that 1%
of the HCV-positive recipients eventually enter to the liver
transplant waiting list over a 13-year study period. Those who
received HCV-positive kidneys had a 2.6-fold higher hazards
ratio of enrolling in the liver transplant list (P#0.0001). They
concluded that transplantation of an HCV-positive kidney
may decrease the recipient’s time on the list by over a year,
which is a better option than waiting for an HCV-negative
kidney, due to the high risk of kidney-related mortality while
awaiting transplantation.75
Morales et al76 compared the outcomes in kidney transplant recipients (HCV-positive) who received a graft from an
HCV-positive donor with those of patients (HCV positive)
who received a kidney graft from an HCV-negative donor.
They found no significant difference in patient survival at 5
and 10 years (84.8% at 5 years and 72.7% at 10 years versus 86.6% and 76.7%, respectively). Decompensated liver
disease rates were also not significantly different between
the two groups.
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Transplanting kidneys from HCV-positive organ donors
into HCV-positive/RNA-negative recipients leads to greater
viral reactivation than in those HCV-positive/RNA-positive
recipient.77 Thus, many transplant centers have adopted the
policy of transplanting HCV-positive kidneys into HCVpositive/RNA-positive patients or those with active viremia.78
The type of HCV genotype might not have a significant
impact on survival in patients with ESRD, since survival in
patients with mixed genotypes was similar to that of patients
with a single genotype.79

New therapies for HCV in patients
with ESRD?
In May 2011, the US Food and Drug Administration (FDA)
approved the NS3/4A protease inhibitors, boceprevir and
telaprevir, for the treatment of HCV genotype 1, marking the
beginning of an era of direct-acting antiviral agents. Protease
inhibitors such as boceprevir and telaprevir in combination
with IFN and ribavirin (triple therapy) have become another
new management strategy for HCV genotype 1 infection,
whereby up to 75% of previously untreated patients with
HCV genotype 1 have achieved SVR. However, these new
drugs have not been studied in patients with renal impairment. The protease inhibitor simeprevir has recently been
licensed, others including faldaprevir, asunaprevir, vaniprevir,
and ritonavir-boosted ABT-450 are currently in phase II or
phase III studies. Boceprevir, telaprevir, and simeprevir are
all metabolized in the liver, and renal clearance contributes
minimally to the elimination of these drugs. Therefore, it is
not expected that renal impairment will have an important
influence on the pharmacokinetics of HCV protease inhibitors.
No clinically significant difference in the pharmacokinetic
parameters of boceprevir was observed between patients with
ESRD and healthy subjects, so there appears to be no dose
adjustment required.80
Recently, Durmortier et al reported four ESRD patients
with HCV (most commonly genotype 1b) who did not
respond to a prior course of PEG-IFN and ribavirin; while
awaiting kidney transplantation, they received a second-line
antiviral regimen of PEG-IFN, ribavirin, and telaprevir. After
12 weeks of therapy, tolerance was acceptable and HCVRNA became undetectable in three of the four patients. The
dose of ribavirin ranged from 200 mg three times per week
to 200 mg/day, and the severity of liver fibrosis ranged from
grade 1 to grade 3.81
The pharmacokinetic parameters for simeprevir were
also not influenced by creatinine clearance, and no dose
adjustments were necessary in patients with mild, moderate,
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or severe renal impairment, but there is no clear evidence
on its safety and efficacy in patients with ESRD or in
those on HD.82
Oral nucleotide inhibitors of the HCV nonstructural
protein 5B, such as sofosbuvir, have proven activity against
all HCV genotypes. Sofosbuvir was approved by the FDA in
2013 for use in combination with ribavirin for the treatment
of HCV genotypes 2 and 3 or in combination in PEG-IFN
and ribavirin for infection in genotypes 1 and 4.82 Sofosbuvir
is eliminated by the kidneys, not require dose adjustment in
early grades of CKD; however, there is no current dosing
recommendation for patients with ESRD.83
No adjustment of boceprevir dosage is required for
patients with impaired renal function, but despite this observation, a paucity of studies evaluating standard combination therapy suggests that routine use of this combination
should not be applied in the population with advanced renal
failure.84
With the development of sofosbuvir and the more recent
drugs, there will be promising IFN-free and ribavirin-free
therapy regimens, but unfortunately there are no clinical trials
studying patients with HCV and associated CKD. However,
we believe that, in the near future, regimens with higher
success rates and less severe adverse effects, especially in
this particular population of patients, will be available. To
date, there are no studies on the efficacy and safety of these
new agents in organ recipients, including kidney transplant
recipients.

Conclusion
Despite the screening of blood products, nosocomial
HCV transmission continues to occur in HD units. HCV
infection decreases the survival of patients and grafts.
Treatment for HCV in patients with CKD is complicated,
but achieving SVR can decrease post-transplant complications. Kidney transplantation alone must be considered
in patients with compensated HCV-positive with cirrhosis
and a HPVG ,10 mmHg. Patients with ESRD who remain
on HD are at higher risk of death when compared with
those who receive a kidney graft. Kidneys obtained from
HCV-positive donors and transplanted into HCV-positive
recipients may be useful in expanding the donor pool by
increasing the rate of utilization of these kidneys. Antiviral treatment can improve renal function in patients with
HCV-associated glomerulopathy. New antiviral therapies
needs to be evaluated to confirm the role of treatment in
the ESRD HCV-positive population.
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