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Abstract: Background: The discrepancy between the number of potential available kidneys and the
number of patients listed for kidney transplant continues to widen all over the world. The transplant
of kidneys from hepatitis C virus (HCV)-infected donors into HCV naïve recipients has grown
recently because of persistent kidney shortage and the availability of direct-acting antiviral agents.
This strategy has the potential to reduce both waiting times for transplant and the risk of mortality in
dialysis. Aim: We made an extensive review of the scientific literature in order to review the efficacy
and safety of kidney transplant from HCV-viremic donors into HCV naïve recipients who received
early antiviral therapy with direct-acting antiviral agents (DAAs). Results: Evidence has been rapidly
accumulated on this topic and some reports have been published (n = 11 studies, n = 201 patients)
over the last three years. Various combinations of DAAs were administered—elbasvir/grazoprevir
(n = 38), glecaprevir/pibrentasvir (n = 110), and sofosbuvir-based regimens (n = 53). DAAs were
initiated in a range between a few hours before renal transplant (RT) to a median of 76 days after
RT. The sustained virological response (SVR) rate was between 97.5% and 100%. A few severe
adverse events (SAEs) were noted including fibrosing cholestatic hepatitis (n = 3), raised serum
aminotransferase levels (n = 11), and acute rejection (n = 7). It remains unclear whether the AEs
were related to the transmission of HCV, the use of DAAs, or kidney transplant per se. It appears
that the frequency of AEs was greater in those studies where DAAs were not given in the very early
post-kidney transplant phase. Conclusions: The evidence gathered to date encourages the expansion
of the kidney donor pool with the adoption of HCV-infected donor organs. We suggest that kidney
transplants from HCV-viremic kidneys into HCV-uninfected recipients should be made in the context
of research protocols. Many of the studies reported above were externally funded and we need
research generating “real-world” evidence. The recent availability of pangenotypic combinations of
DAAs, which can be given even in patients with eGFR < 30/min/1.73 m2, will promote the notion
that HCV-viremic donors are a significant resource for kidney transplant.

Keywords: antiviral agents; HCV viremia; hepatitis C; kidney donors; kidney transplant

1. Introduction

Hepatitis C virus (HCV) infection is recognized a public health concern affecting
around 3% of people worldwide. HCV mainly targets the liver and chronic HCV frequently
gives cirrhosis, liver failure, and hepatocellular carcinoma. HCV can also give extrahepatic
manifestations (around 40% of the infected population) such as kidney injury, insulin
resistance, and accelerated atherosclerosis [1].

The frequency of HCV infection remains high in patients with chronic kidney disease
(CKD) and it has been calculated that around 10% of kidney transplant candidates are
infected with chronic HCV [1]. Waiting times for kidney transplants from deceased donors
commonly exceed 5 years in many countries of developed world; although the death risk
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is reducing among patients on the waitlist for a kidney transplant, 5% to 10% of eligible
patients die each year while on the waiting list for a kidney transplant [2]. The number of
patients on the waiting list for kidney transplant in the USA was 91,657 as of 31 December
2020 based on the Organ Procurement Transplantation Network (OPTN) data; the number
of patients who received a kidney transplant during 2019 in the USA was 23,401 [3]. This
disparity explains the long waiting times for a kidney transplant and numerous strategies
that have been explored to expand access to kidney transplants in the developed world. It
has been suggested that the increase of the deceased donor pool through the utilization of
older donors, donation after circulatory death, and the public health service has increased
the number of risk donors.

Kidneys from HCV-viremic donors have been underused in the past. Many were
discarded, and a minority was directed for HCV-positive recipients. The recent availability
of direct-acting antiviral agents (DAAs) supported the widespread treatment of patients
on the transplant waiting list leading to a decrease in HCV-viremic patients listed and
transplanted. The option of kidneys from HCV-positive donors in HCV naïve recipients
has been explored over the last few years because of various reasons, including the recent
approval of direct-acting antiviral agents against HCV. DAAs have made HCV a curable
infection, with frequencies of a sustained viral response in more than 95% of patients, even
among transplant recipients of solid organs. Various approaches should be considered for
preventing the consequences of HCV in recipients of kidneys from HCV-viremic donors:
pre-emptive (antiviral therapy with DAAs initiated early post-renal transplant (RT), once
viremia in the recipient is confirmed), prophylactic (DAAs initiated before transplant), or
delayed (DAAs given a few weeks or months after kidney transplant).

The aim of this narrative review is to address the pros and the cons of kidney trans-
plants from HCV-infected donors; we also provide details on the most recent advances that
have been obtained in this field.

2. Natural History of HCV and RT

It is well known that HCV infection is associated with poor patient/graft survival
after a kidney transplant. We recently published a systematic review with a meta-analysis
of observational clinical studies (n = 18 studies, n = 133,350 unique patients who underwent
kidney transplant), the aggregate estimate for the adjusted relative risk (aRR) of the death
rate due to any cause was 1.85 with a 95% confidence interval (CI) of 1.49; 2.31 (p < 0.0001)
among anti-HCV-positive patients in comparison to anti-HCV-negative kidney transplant
patients [4].

We stratified all-cause mortality with the adoption of the random-effects model; the
liver disease-related mortality and the cardiovascular mortality were greater in HCV-
positive patients than HCV-negative patients after RT, and the unadjusted odd ratio (OR)
was 11.6 (95% CI, 5.5; 24.4) (p < 0.0001) and 2.15 (95% CI, 1.58; 2.91) (p < 0.0001), respec-
tively [4].

In addition, an adverse impact of HCV upon graft survival after RT has been observed
in previous studies; the overall estimate for the adjusted relative risk (RR) of all-cause graft
loss was 1.76 (95% CI, 1.46; 2.11) (p < 0.0001) in anti-HCV-positive recipients compared with
anti-HCV-negative kidney recipients [4]. HCV infection has been reported as a risk factor
for the development of proteinuria after RT. Chronic infection with HCV was considered an
important agent of tubulointerstitial nephritis in a large case-control survey [5]; however,
HCV-related glomerulonephritis is the most frequent kidney disease among HCV-infected
patients who have undergone kidney transplantation.

Several glomerular lesions have been observed in HCV-positive patients after RT; de
novo or recurrent membranoproliferative glomerulonephritis, commonly but not invariably
in the context of cryoglobulinemic disease, and membranous nephropathy are the most
common lesions [6,7].

Various factors have been advocated in order to explain the adverse impact of HCV on
survival after RT-progressive liver disease, de novo post-transplant diabetes mellitus, and
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chronic allograft nephropathy, among others, appear more commonly in anti-HCV-positive
recipients compared with matched-HCV-negative recipients [7]. Some authors have ob-
served greater blood levels of calcineurin inhibitors due to impaired liver metabolism
among HCV-infected kidney transplant recipients and consequent nephrotoxicity post-
transplant [7]. Chronic hepatitis C is currently considered a non-conventional (but modifi-
able) factor for progression and incidence of chronic kidney disease in the adult general
population [8].

3. Kidney Transplantation from HCV-Positive Donors (Early Evidence)

As mentioned above, the survival of patients with persistent HCV replication after
kidney transplant is lower in comparison with HCV-negative kidney transplant recipients.
However, patients with end-stage renal disease and HCV infection show better survival
after RT than if they had remained on regular dialysis [9]. Thus, the best choice for end-
stage renal disease (ESRD) patients with HCV infection remains kidney transplantation.

Kidneys from HCV-infected donors have been historically underutilized. Kucirka
and colleagues [10] in their investigation found that of the 93,825 deceased donors with
HCV during the period 1995–2009, HCV-positive donors were 2.60 times more likely to be
discarded (p < 0.001). Of the 6830 HCV-positive recipients, only 29% received HCV-positive
kidneys. It was calculated that around 800 kidneys from donors with HCV infection have
been discarded in the USA during the 2016 calendar year. Kidneys from donors with
HCV infection were discarded because of the concern that no transplant center would
accept these; alternatively, these organs were given to kidney transplant recipients already
infected with HCV. According to the Eurotransplant database, between 2017 and 2019, 128
HCV-positive kidneys were offered and 86 of them were transplanted (discard rate, 32%).
Of note, the average number of kidney transplants per year was 29 from HCV-positive and
3240 from HCV-negative donors, respectively [11].

Some authors reported on kidney transplants from HCV-positive donors into HCV-
positive recipients. These investigators did not observe a negative impact on patient and
graft survival in the short-term, but the time on the waiting list for a kidney transplant was
reduced. On the other hand, many studies had a retrospective nature, the follow-up was
short (up to 60 months), and they regarded small or single center series. In addition, the
authors have not published any updated follow-up (reviewed in [12]).

The largest experience of HCV-positive donors transplanted into HCV-positive recipi-
ents was made by Morales et al. [13,14]. In their study [14], 162 HCV-positive recipients
received a kidney from HCV-positive donors (group 1) and 306 HCV-positive recipi-
ents received a kidney from HCV-negative donors (group 2), the mean follow-up was
74.5 months. There was no difference in 10-year patient survival rate, 72.7% versus 76.5%
between group 1 and group 2, respectively; the 10-year death-censored graft survival was
47.0% in group 1 versus 58.5% in group 2 (p < 0.006). Because of these inferior allograft
outcomes and the possibility of genotype superinfection, many transplant physicians have
not adopted this approach.

Cohen and coworkers [15] used national kidney transplant registry data and created a
propensity score-matched group of HCV-positive recipients who received HCV-positive
donor kidneys in comparison with those who received HCV-negative donor kidneys.
These authors observed that kidney transplantation with an HCV-positive donor has a
heightened death risk, with a hazard ratio (HR) of 1.43 (95% confidence interval (CI)
1.18–1.76; p < 0.001) and graft loss, with a HR of 1.39 (95% CI, 1.16–1.67; p < 0.001) in
comparison to their counterparts, which were matched by propensity score analysis. Their
conclusion was that the employment of kidneys from HCV-positive donors can reduce
the time on the waiting list for kidney transplant and optimize the use of organs for all
the candidates listed for a kidney transplant. Nonetheless, potential recipients need to be
counseled about the higher risks associated with kidneys from HCV-seropositive donors.

Gupta and colleagues [16] analyzed the OPTN registry (1994/2014). They compared
the outcomes of HCV donor-positive/recipient-negative patients (n = 421) to propensity–
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matched HCV donor-negative/recipient-negative kidney transplants (n = 2105). They
observed that the 5-year graft (44% vs. 66%, p < 0.001) and patient survival (57% vs. 79%, p
< 0.001) were lower in the first group than in the second group. The authors emphasized
the fact that detailed data on pre-transplant risk factors were missing.

4. Kidney Transplantation from HCV-Positive Donors (Virology)

The studies reported above have been hampered by a lack of differentiation between
viremic (HCV RNA-positive) or non-viremic (HCV RNA-negative) anti-HCV-positive kid-
ney donors. The United States Public Health Service guidelines currently recommend
HCV nucleic acid testing (NAT) for screening of all deceased donors prior to organ pro-
curement [17]. Testing for HCV RNA is commonly referred as HCV nucleic acid testing
(NAT). Active infection occurs in anti-HCV-positive patients with detectable HCV RNA
in serum; thus, NAT assesses whether active HCV infection occurs or not. NAT can be
made by a branched DNA signal amplification assay (bDNA) or transcription-mediated
amplification (TMA) or polymerase chain reaction (PCR). Serologic assays are utilized to
detect an anti-HCV antibody in serum and make diagnosis of past or current HCV infection.
The time from infection until HCV RNA is detectable in plasma by commercially available
assays is referred as the pre-viremic or “eclipse” period (Figure 1). The time from the initial
HCV infection until detectable antibodies appear in serum is commonly referred as the
“serologic window period” [18]. Compared with serology testing, NAT assays consistently
reduce the “window period” between infection and detection of HCV from around 70 days
to 3–5 days. It is now clear that the risk of transmission of HCV with kidney transplantation
is related to the presence/absence of HCV viremia (HCV RNA).

Figure 1. HCV diagnostic assays and kidney transplant.

A recent consensus conference from the American Society of Transplantation on the
employment of donors with detectable serum HCV RNA in the setting of solid organ
transplant suggested to replace the term “HCV-positive donor” with the term “HCV-
viremic donor” [19]. Donors without HCV RNA in serum have no risk of transmission as
they have no residual virus; also, kidney transplants from donors with undetectable serum
HCV RNA in naïve recipients need to be considered a safe procedure. Thus, historical
outcomes data of HCV-“positive” donors must be viewed as limited because they do not
specifically differentiate the presence or absence of viremia [19].
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5. DAAs, HCV, and Kidney Transplant

The analysis of the genome and proteins of HCV prompted the production of direct-
acting antiviral agents (DAAs), which are molecules targeting some non-structural proteins
of the virus with the aim to stop viral replication and infection of HCV. Four groups of
DAAs exist, these are characterized by their mode of action and therapeutic goal. The
classes of DAAs are as follows, non-structural proteins 3/4A (NS3/4A) protease inhibitors,
NS5B nucleoside polymerase inhibitors, NS5B non-nucleoside polymerase inhibitors, and
NS5A inhibitors.

Prior to the availability of direct-acting antiviral agents (DAAs) for treating HCV,
the standard of care was Pegylated interferon (peg-IFN) in combination with ribavirin
for 24 or 48 weeks. Figure 2 shows rates of SVR and anti-HCV therapies over the past
two decades (native kidneys). IFN-based regimens gave limited cure rates (50–60%) and
were poorly tolerated after kidney transplant because of the increased risk of acute graft
rejection due to its immunomodulatory properties. Antiviral therapy based on IFN in
kidney transplant recipients has been advised in specific cases, such as post-transplant
cholestatic liver disease with severe course. DAAs have been recently commercialized and
this consistently changed the therapy of HCV, even after solid organ transplantation.
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On the grounds of the recent American Association for the Study of Liver Dis-
eases/Infectious Disease Society of America (AASLD/IDSA) guidelines [20], some com-
binations of DAAs have been recommended for patients with advanced chronic kidney
disease (CKD stage 4/5) and transplant recipients with HCV infection (with or without
compensated cirrhosis) (Table 1). The majority of combinations for treatment of HCV
are all-oral, interferon-free, and ribavirin-free, as well as being a fixed-dose combina-
tion of glecaprevir/pibrentasvir, fixed-dose combination of ledipasvir/sofosbuvir, and/or
fixed-dose combination of sofosbuvir/velpatasvir. An additional choice for selected HCV
genotypes is the fixed-dose combination of elbasvir/grazoprevir. The fixed-dose of so-
fosbuvir/velpatasvir/voxilaprevir (with or without ribavirin) has been suggested for
DAA-experienced kidney transplant recipients.
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Table 1. Combinations of direct-acting antiviral agents (DAAs) for therapy of hepatitis C virus (HCV)
in patients with chronic kidney disease (CKD) stage 3/4 (estimated glomerular filtration rate (eGFR)
< 30 mL/min/1.73 mq2) (dialysis dependent or not).

DAAs Target Population
(with or without Compensated Cirrhosis)

Glecaprevir (300 mg)/
pibrentasvir (120 mg)

(12 weeks)

Treatment-naïve and (non-DAA)
treatment-experienced patients

HCV genotype 1, 2, 3, 4, 5, and 6

Ledipasvir (90 mg)/
sofosbuvir (400 mg)

(12 weeks)

Treatment-naïve and (non-DAA)
treatment-experienced patients

HCV genotype 1, 4, 5, and 6

Sofosbuvir (400 mg)/
velpatasvir (100 mg)

(12 weeks)

Treatment-naïve and (non-DAA)
treatment-experienced patients

HCV genotype 1, 2, 3, 4, 5, and 6

Elbasvir (50 mg)/
grazoprevir (100 mg)

(12 weeks)

Treatment-naïve and (non-DAA)
treatment-experienced patients

HCV genotype 1 or 4

As mentioned above, the therapeutic armamentarium for HCV-infected patients
among kidney transplant recipients now includes sofosbuvir (SOF)-based therapies [21–23].
Previous studies suggested that the use of SOF-based therapies in patients with baseline
estimated glomerular filtration rate (eGFR) <45 mL/min/1.73 m2 was associated with
a greater risk of worsening kidney function in comparison with those having eGFR >
45 mL/min/1.73 m2 [24].

On the other hand, recent authors have reported that SOF use had a high efficacy
and tolerability among patients with profound kidney dysfunction. In November 2019,
the US Food and Drug Administration provided authorization on the use of SOF-based
regimens for individuals with CKD stage 4/5 (eGFR < 30 mL/min/1.73 m2) irrespective if
they underwent regular dialysis or not [20] (Table 1).

Because the active metabolite of SOF is cleared by kidneys and accumulates with kidney
insufficiency, patients with advanced chronic kidney disease (eGFR < 30 mL/min/1.73 m2)
were not enrolled in initial clinical trials and were excluded from the initial labelling of
the Food and Drug Administration (FDA). After its initial licensing, use of sofosbuvir
in patients with advanced CKD was reported in many “real-world” studies [23] and in
two phase 2 clinical trials, SOF-based combinations of DAAs in patients on maintenance
dialysis have been performed [25,26].

6. Kidney Transplant from HCV-Positive/NAT-Negative (HCV RNA-Negative) Donors
in Naïve Recipients

As shown in Figure 1, the presence of kidney donors who are HCV positive by
antibody serologic test and negative by NAT can be related to the clearance of HCV RNA,
whether spontaneous or induced by antiviral therapy. Alternatively, the occurrence of
anti-HCV-positive/HCV RNA-negative individuals could be explained by false-positive
antibody results or false-negative NAT results. The risk is small but exists (Table 2) [27–33].
However, United Network for Organ Sharing (UNOS) data show that, since 2015, no cases
of HCV transmission have occurred from HCV-positive/NAT-negative kidney donors who
did not have public health service (PHS) increased-risk behavior [34].
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Table 2. Kidney transplant from anti-HCV-positive/non-viremic (HCV nucleic acid testing (NAT)-
negative) donors into HCV-negative recipients: transmission of HCV.

Authors HCV Transmission Reference Year Country

Tokumoto, T., et al. [27] 0/1 2000 Japan

Cruzado, J., et al. [28] 0/1 2013 Spain

Nowak, K., et al. [29] 0/21 2017 Germany

De Vera, M., et al. [30] 0/32 2018 USA

Dao, A., et al. [31] 1/40 2019 USA

Franco, A., et al. [32] 0/7 2019 Spain

Crismale, J., et al. [33] 0/4 2019 USA

In the case of transmission of HCV by kidney transplant from anti-HCV-positive/NAT-
negative donors, antiviral treatment with DAAs should be immediately conducted. We need
prospective studies in order to understand how to carry out the post-transplant surveillance
of patients who received kidney transplant from anti-HCV-positive/NAT-negative donors.
An analysis of data from the United Network for Organ Sharing found that over a 2-year
period (2015–2016), 1.8% of all donors in the USA were anti-HCV-positive/NAT-negative
donors, while 4.2% were anti-HCV-positive/NAT-positive donors [35,36].

Of note, the presence of an HCV antibody with negative NAT carries a risk of trans-
mission of HCV, which is proportional to the increased risk behavior of the donor (as an
example, intravenous drug abuse), and the temporal association between serologic testing
of the donor and donor behavior also plays a role.

Kidney transplantation from HCV-positive donors (viremic and non-viremic donors)
into uninfected recipients has largely increased over the last years. According to the
Scientific Registry for Transplant Recipients (SRTR) data (2015–2018), HCV-positive/NAT-
negative kidney donors increased from <1/month in 2015 to 26/month in 2018 in the USA.
HCV-negative recipients of viremic and non-viremic kidneys spent a median (interquartile
range (IQR)) of 0.7 (0.2–1.6) and 1.6 (0.4–3.5) years on the waitlist versus 1.8 (0.5–4.0) among
uninfected kidney recipients of HCV-negative donors [37]. The investigators emphasized
the fact that the number of HCV-positive/NAT-negative kidney donors has been driven by
only a few “aggressive” transplant units.

The epidemic of opioid users, which has been plaguing the United States over the
last decade, has resulted in a consistent increase in organs for kidney transplant. Since
2000, the frequency of deaths from drug overdose has increased 137%; aside from being
HCV-infected, these donors are young and commonly otherwise “healthy”. This occurs
despite the increased kidney donors’ profile index in the setting of HCV infection. The
kidneys from these donors have the potential to expand the donor pool given the scarcity
of donated kidneys and the frequency of death on the waiting list. The possibility of
transmission of other viruses (i.e., HIV) from kidney donors should also be considered in
this setting.

7. Kidney Transplant from HCV-Positive/NAT-Positive (HCV RNA-Positive) Donors
in Naïve Recipients

Kidney transplant from HCV-viremic donors into HCV naïve recipients is an option
that has been formally explored in a few clinical trials. HCV present in residual blood and
fluid in the donor kidney at the time of transplantation infects the recipient kidney promptly.
Early antiviral therapy with DAAs potentially gives inhibition of the HCV lifecycle, and
could prevent the replication and spread of HCV after infection. Regimens provided with
safety and efficacy towards all HCV genotypes, even in patients with advanced CKD,
should be adopted. Overall, a total of 201 kidney transplants were collected (Table 3); as
listed in Tables 3 and 4, the majority of the reports had high efficacy and safety [38–47].
However, some studies were externally funded, and this is a source of bias [48].
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Table 3. Kidney transplant from donors with HCV-viremia (HCV NAT-positive) into HCV-negative kidney recipients and
DAAs: clinical studies.

Authors Outcome, SVR DAAs DAAs Initiation

Durand, C., et al. [EXPANDER]
(2018) 100% (10/10) Elbasvir/grazoprevir ±

Sofosbuvir
A few hours before

RT

Reese, P., et al.
[THINKER] (2018) 100% (20/20) Elbasvir/grazoprevir Day 3

post-RT

Friebus-Kardash, J., et al. (2019) 100% (7/7) Sofosbuvir/ledipasvir (n = 4)
Sofosbuvir/velpatasvir (n = 3)

7 days (median)
post-RT

Franco, A., et al.
(2019) 100% (4/4) Glecaprevir/pibrentasvir 6 h

before RT

Crismale, J., et al.
(2019) 100% (7/7) Sofosbuvir-based (n = 5)

Glecaprevir/pibrentasvir (n = 2)
40 days (median)

post-RT

Sise, M., et al.
(2020) 100% (8/8) Elbasvir/grazoprevir A few hours before

RT

Sise, M., et al.
[MYTHIC] (2020) 100% (30/30) Glecaprevir/pibrentasvir 2–5 days

post-RT

Molnar, M., et al.
(2020) 100% (53/53)

Glecaprevir/pibrentasvir (n = 47)
Sofosbuvir/velpatasvir (n = 5)
Sofosbuvir/ledipasvir (n = 1)

76 days
post-RT

Feld, J., et al.
(2020) 100% (10/10) Glecaprevir/pibrentasvir +

ezetimibe 6–12 h before RT

Kapila, N., et al.
(2020) 97.6% (41/42)

Sofosbuvir/ledipasvir (n = 24)
Glecaprevir/pibrentasvir (n = 17)

Sofosbuvir/velpatasvir (n = 1)

72 days (median)
post-RT

Terrault, N., et al.
[PROACT] (2020) 100% (10/10) Sofosbuvir/velpatasvir 16.5 days (median)

post-RT

The Kidney Disease: Improving Global Outcomes (KDIGO) work group recom-
mended that “transplantation of kidneys from HCV NAT-positive donors be directed
to recipients with positive NAT” [7]. The American Society of Transplantation Consensus
Conference on "The Use of Hepatitis C Viremic Donors in Solid Organ Transplantation”
suggested that “The prevention of HCV transmission using perioperative/postoperative
DAA prophylaxis in non-viremic kidney transplant recipients of HCV-viremic donors
should have institutional review board (IRB)-approved research protocols” [19]. Thus,
large multi-organ studies are needed before this option becomes standard therapy.

The DAPPeR study (also known as the Ultrashort Direct-acting Anti-viral Prophylaxis
to Prevent virus transmission from hepatitis C-viremic donors to hepatitis C-negative kid-
ney transplant Recipients study) was an open-label nonrandomized pilot single-center trial
offering kidneys from HCV-viremic donors to HCV-negative kidney transplant recipients
receiving an ultrashort 4-dose regimen (sofosbuvir/velpatasvir pre- and post-transplant).
Additionally, 12-week DAA therapy was conducted in those patients who developed
post-transplant HCV transmission [49]. The overall viral transmission rate was 12% (6/50).
The conclusion of the authors was that the ultrashort course (4 days) of prophylactic DAAs
significantly reduced the transmission of HCV from HCV-positive kidney donors to HCV-
negative recipients, but did not eliminate it. Therefore, as they did not achieve 100% SVR,
the regimen cannot be recommended as the standard of care and additional studies are
needed, including a large-scale, multicenter noninferiority trial.

The PRO-ACT study (also known as the Prevention of De Novo HCV with Antiviral
HCV Therapy Post-Liver and Post-Kidney Transplant Recipients study) was recently
reported. It was a multicenter survey with a prospective design which assessed the safety
and efficacy of the combination of DAAs (sofosbuvir/velpatasvir for 12 weeks). Overall,
24 recipients without HCV infection underwent solid organ transplant (11 kidneys and
13 livers) from donors with an active (viraemic) HCV infection. A pre-emptive strategy
was performed and antiviral therapy was initiated early in the post-transplant period,
immediately after the confirmation of HCV RNA in the recipients. Antiviral therapy with
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SOF/velpatasvir (VEL) was started in recipients with detectable HCV RNA in serum, only
when stable clinical conditions were diagnosed and a eGFR > 30 mL/min/1.73 m2 was
observed. Nine recipients showed HCV RNA in serum on day three after the kidney
transplant; one kidney transplant recipient had detectable HCV RNA in serum on day
seven after the transplant. Another kidney transplant recipient did not necessitate antiviral
therapy as he was persistently negative after transplantation. The median time from
transplant to start of antiviral therapy was 7 (6; 12) days for liver transplant recipients and
16.5 (9.8; 24.5) days for kidney transplant recipients. Overall, 23 patients became viraemic
post-transplant. All 23 treated recipients achieved SVR12. Most individuals (n = 21) who
completed the 24 weeks of observation period achieved SVR24. No serious adverse events
occurred [47].

Table 4. Transplantation from kidney donors with HCV-viremia into HCV-negative kidney recipients and DAAs:
clinical studies.

Authors Donor HCV Genotypes Adverse Events

Durand, C., et al.
[EXPANDER] (2018)

1a (n = 3), 1a/3 (n = 1)
2 (n = 1), 3 (n = 1)

Not Determined (n = 4)

Raised aminotransferase levels (n = 1)
DGF (n = 4)

Reese, P., et al.
[THINKER] (2018) 1a (n = 17)

Raised aminotransferase (n = 5)
Proteinuria (n = 1)

De novo DSA (n = 4)

Friebus-Kardash, J., et al.
(2019)

1a (n = 2), 1b (n = 2)
3a (n = 1)

Arterial hypertension (n = 3)
Sleep disorder (n = 1)

Franco A, et al.
(2019) 1b (n = 3), 1a (n = 2) Raised aminotransferase

Crismale, J., et al.
(2019)

1a (n = 4), 1b (n = 2)
3 (n = 5) Pruritus (n = 1)

Sise, M., et al.
(2020) 1a (n = 6)

Raised aminotransferase (n = 3)
BKV (n = 1)

GI abnormalities (n = 1)
Renal vein thrombosis (n = 4)

Lymphocele (n = 4)

Sise, M., et al.
[MYTHIC] (2020)

1a (n = 13), 2 (n = 1)
4 (n = 1)

BKV (n = 5)
CMV
(n = 1)

Infections (n = 4)
GI abnormalities (n = 5)

CV events (n = 4)
Urinary tract abnormalities (n = 3)

DGF (n = 2)
Acute cellular rejection (n = 3)

Molnar, M., et al.
(2020)

1a (n = 34), 1b (n = 1)
2 (n = 3), 3 (n = 15)

De novo DSA (n = 16)
BK viremia (n = 18)

CMV viremia (n = 32)
FCH (n = 1)

Acute rejection (n = 4)
DGF (n = 3)

Feld, J., et al.
(2020) NA

Raised liver enzymes (n = 1)
Diarrhea (n = 1)

Prostatitis (n = 1)
Graft hydronephrosis (n = 1)

Kapila, N., et al.
(2020)

1 (n = 3), 1a (n = 38), 2 (n = 6)
3 (n = 8), 4 (n = 3), 1a/3 (n = 1)

1b (n = 1), 2/3 (n = 1) *
FCH (n = 2)

Terrault, N., et al.
[PRO-ACT] (2020) NA Raised aminotransferase levels

(n = 4)

Adverse events related to study participation (either from HCV-viremia or antiviral therapy). FCH = fibrosing cholestatic hepatitis,
CMV = cytomegalovirus, DGF = delayed graft function. * Data regarding 61 patients.
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8. Kidney Transplant from HCV/NAT-Positive Donors to Naïve Recipients: Pros
and Cons

The recent availability of DAAs has led a paradigm shift in the management of post-
transplant hepatitis C. DAAs give the opportunity to expand the donor pool for kidney
transplant; however, the optimal timing for the initiation of DAA therapy post-kidney
transplant is still controversial [50,51]. It is clear that the frequency of AEs is related to vari-
ous factors including patient selection, among others; nonetheless, it appears from Table 4
that the frequency of AEs is greater when DAAs are not given in the early post-kidney
transplant phase. The intense immunosuppression in the early post-transplant period has
a permissive effect on viral replication with potential risks such as acute hepatitis, fibrosing
cholestatic hepatitis, and immune-mediated graft dysfunction. Additional immunological
risks include immune-mediated glomerulopathy, acute/chronic rejection, and antibody-
mediated rejection. Therapy with DAAs administered very early after kidney transplant
would likely mitigate some of these risks. The high rate of some AEs (as an example,
infections by BKV and CMV) remains unclear.

The widespread treatment of patients on the transplant waiting list has led to a de-
crease in HCV-viremic patients listed and transplanted. Thus, the option of transplanting
kidneys from donors with HCV infection in non-HCV-viremic recipients has been investi-
gated. The opioid epidemic in the USA has resulted in a large number of drug overdose
deaths and an increased number of kidneys from young and healthy donors, except for
their HCV. Nonetheless, pre-emptive and prophylactic approaches are two strategies that
are not easily reproducible in the “real-world” where access to DAAs can be biased by
barriers such as insurance approval. Many studies reported in Tables 3 and 4 received
funding [38–40,42,43,47] and did not generate “real-world” evidence. It is difficult to under-
stand whether some AEs were related to the transmission of HCV infection, use of DAAs,
or kidney transplant per se. It has been recently reported the case of an HCV-viremic
liver transplant recipient whose insurer did not provide initially coverage for therapy with
DAAs. He developed a biopsy-proven HCV-associated glomerulonephritis and started
haemodialysis. Then, he initiated therapy with DAAs with undetectable HCV viremia
after 3 weeks. Dialysis was discontinued 6 weeks after the liver transplant given its de-
crease in serum creatinine [52]. On the other hand, prophylactic therapy with DAAs may
give unnecessary treatment to those recipients without viral transmission at the time of
transplant.

The recent introduction in the market of novel combinations of DAAs with pangeno-
typic activity and licensed even for patients with eGFR < 30 mL/min/1.73 m2 [20] should-
help on this issue. Kidney function, indeed, is frequently impaired in the very early period
post-transplant, and thus, donor genotype data cannot be unavailable in many of these
clinical circumstances. These are important concerns for transplant physicians in their daily
clinical activities.

According to UNOS data, 937 transplants from HCV RNA-positive donors to HCV-
seronegative recipients were performed in the USA (1 January 2015 through 31 December
2018) at 67 transplant units [3]. There was a consistent increase of these transplants
over time (682 in the calendar year 2018 versus 23 in 2015). The most common organs
transplanted were kidneys (n = 431) and liver (n = 244). The investigators noted that a
significant variation in clinical practices at the regional and center level occurred with
469 transplants performed at a few transplant units (n = 8). Potluri and coworkers [53]
used the OPTN registry and observed no difference in the outcome (12-month eGFR
post-transplant) of HCV-viremic kidneys versus HCV-non-viremic kidneys into HCV-
seronegative recipients, 66.3 ± 18.7 versus 67.1 ± 22.5 mL/min/1.73 m2 (NS), respectively.
There was no difference in the 12-month eGFR for recipients of HCV-viremic kidneys when
transplanted into HCV-seronegative versus HCV-seropositive recipients, 66.5 ± 18.8 versus
71.1 ± 18.9 mL/min/1.73 m2 (NS), respectively. These findings clearly promote the idea
that the use of HCV-viremic donors has the potential to expand the kidney pool in a safe
and effective way.
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9. Conclusions

Kidney transplant is still the treatment of choice for patients with end-stage kidney
disease and active HCV infection. Kidney transplant from HCV-viremic donors is currently
promoted by various factors including the shortage of kidney donors, and the availability
of DAAs. Kidney transplant from HCV-viremic donors into HCV naïve recipients has the
potential to expand the donor pool and to reduce the times in the waiting list. Some studies
which highlight such strategy have been published recently. Transplanting HCV-viremic
kidneys into HCV-uninfected recipients should be made in the context of research protocols;
antiviral therapy should be given early to reduce the risk of HCV infection post-transplant.
The advent of pangenotypic combinations of DAAs that can be administered to patients
with an eGFR below 30 mL/min/1.73 m2 can facilitate the adoption of kidneys from
HCV-viremic donors into HCV naïve transplant recipients.
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AASLD American Association for the Study of Liver Diseases
AE Adverse Events
AH Arterial Hypertension
AZA Azathioprine
bDNA Branched DNA signal amplification
CI Confidence intervals
CKD Chronic kidney disease
CKD-EPI Chronic kidney disease epidemiology collaboration equation
CMV Cytomegalovirus
CNI Calcineurin inhibitor
DAA Direct-acting antiviral agent
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DDI Drug-drug interaction
DM Diabetes mellitus
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EOT End-of-treatment
ESRD End-stage renal disease
FDA Food and Drug administration
GI Gastrointestinal
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HBV Hepatitis B virus
HCV Hepatitis C virus
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IRB Institutional review board
ITT Intention-to-treat
KDIGO Kidney Disease: Improving Global Outcomes
LDV Ledipasvir
LT Liver transplant
MMF Mycophenolate mofetil
mTOR Mammalian target of rapamycin
NA Not available
NAT Nucleic acid testing
OBV Ombitasvir
OPTN Organ Procurement Transplantation Network
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OR Odds ratio
PCR Polymerase chain reaction
PegIFN Pegylated interferon
PHS Public health service
PI Protease inhibitors
PTV Paritaprevir
R Ritonavir
RBV Ribavirin
RR Relative risk
RT Renal transplant
RRT Renal replacement therapy
SAE Serious adverse event
SOF Sofosbuvir
SVR Sustained Virological Response
TAC Tacrolimus
TMA Transcription-mediated amplification
UNOS United Network for Organ Sharing
USA United States of America
VEL Velpatasvir
WKS Weeks
W12 12 weeks after antiviral therapy ended

References
1. Morales, J.; Fabrizi, F. Hepatitis C and its impact on renal transplantation. Nat. Rev. Nephrol. 2015, 2, 172–182. [CrossRef]
2. Sise, M.; Chute, D.; Gustafson, J.; Wojciechowski, D.; Elias, N.; Chung, R.; Williams, W. Transplantation of hepatitis C virus

infected kidneys into hepatitis C virus uninfected recipients. Hemodialysis Int. 2018, 2, S71–S80. [CrossRef]
3. US Department of Health and Human Services; Health Resources and Services Administration (HRSA). Organ Procurement

Transplant Network. National Data. Available online: https://optn.transplant.hrsa.gov/data/ (accessed on 31 January 2021).
4. Fabrizi, F.; Martin, P.; Dixit, V.; Messa, P. Meta-analysis of observational studies: Hepatitis C and survival after renal transplant. J.

Viral. Hepat. 2014, 2, 314–324. [CrossRef]
5. Kasuno, K.; Ono, T.; Matsumori, A.; Nogaki, F.; Kusano, H.; Watanabe, H.; Yodoi, J.; Muso, E. Hepatitis C- associated tubulo

interstitial injury. Am. J. Kidney Dis. 2003, 2, 767–775. [CrossRef]
6. Mathurin, P.; Mouquet, C.; Poynard, T.; Sylla, C.; Benalia, H.; Fretz, C.; Thibault, V.; Cadranel, J.; Bernard, B.; Opolon, P.; et al.

Impact of hepatitis B and C virus on kidney transplantation outcome. Hepatology 1999, 2, 257–263. [CrossRef]
7. Kidney Disease: Improving Global Outcomes (KDIGO) Hepatitis C Work Group. KDIGO 2018 Clinical Practice Guideline for the

Prevention, Diagnosis, Evaluation, and Treatment of Hepatitis C in Chronic Kidney Disease. Kidney Int. Suppl. 2018, 2, S91–S165.
8. Fabrizi, F.; Verdesca, S.; Messa, P.; Martin, P. Hepatitis C virus infection increases the risk of developing chronic kidney disease: A

systematic review and meta-analysis. Dig. Dis. Sci. 2015, 2, 3801–3813. [CrossRef]
9. Knoll, G.; Tankersley, M.; Lee, J.; Julian, B.; Curtis, J. The impact of renal transplantation on survival in hepatitis C positive

end-stage renal disease patients. Am. J. Kidney Dis. 1997, 2, 606–614. [CrossRef]
10. Kucirka, L.; Singer, A.; Ross, R.; Montgomery, R.; Dagher, N.; Segev, D. Underutilization of hepatitis C-positive kidneys for

hepatitis C-positive recipients. Am. J. Transplant. 2010, 2, 1238–1246. [CrossRef]
11. Duerr, M.; Liefeldt, L.; Friedersdorff, F.; Choi, M.; Ollinger, R.; Hofmann, J.; Budde, K.; Schrezenmeier, E.; Halleck, F. Pan-genotype

pre-exposure prophylaxis (PrEP) allows transplantation of HCV –positive donor kidneys to negative transplant recipients. J. Clin.
Med. 2021, 2, 89. [CrossRef]

12. Fabrizi, F.; Messa, P.; Martin, P. Current status on renal transplantation from HCV positive donors. Int. J. Artif. Organs 2009, 2,
251–261. [CrossRef] [PubMed]

13. Esforzado, N.; Morales, J. Hepatitis C and kidney transplant. The eradication time has arrived. Nefrologia 2019, 2, 458–472.
[CrossRef] [PubMed]

14. Morales, J.; Campistol, J.; Dominguez-Gil, B.; Morales, J.; Campistol, M.; Domínguez-Gil, B.; Andrés, A.; Esforzado, N.;
Oppenheimer, F.; Castellano, G.; et al. Long-term experience with kidney transplantation from hepatitis C positive donors into
hepatitis C-positive recipients. Am. J. Transplant. 2010, 2, 2453–2462. [CrossRef] [PubMed]

15. Cohen, J.; Eddinger, K.; Shelton, B.; Locke, J.; Forde, K.; Sawinski, D. Effect of kidney donor hepatitis C virus serostatus on renal
transplant recipient and allograft outcome. Clin. Kidney J. 2017, 2, 564–572. [CrossRef]

16. Gupta, G.; Kang, L.; Yu, J.; Limkemann, A.; Garcia, V.; Bandyopadyay, D.; Kumar, D.; Fattah, H.; Levy, M.; Cotterell, A.; et al.
Long-term outcomes and transmission rates in hepatitis C virus positive donor to hepatitis C virus negative kidney transplant
recipients: Analysis of United States national data. Clin. Transplant. 2017, 2. [CrossRef]

17. Seem, D.; Lee, I.; Umscheid, C.; Kuehnert, M. PHS guideline for reducing human immunodeficiency virus, hepatitis B virus, and
hepatitis C virus transmission through organ transplantation. Public Health Rep. 2013, 2, 247–343. [CrossRef]

18. Hepatitis C Online. Diagnosis of Acute HCV Infection. Available online: https://www.hepatitisc.uw.edu/go/screening-
diagnosis/acute-diagnosis/core-concept/all (accessed on 15 January 2021).

http://doi.org/10.1038/nrneph.2015.5
http://doi.org/10.1111/hdi.12650
https://optn.transplant.hrsa.gov/data/
http://doi.org/10.1111/jvh.12148
http://doi.org/10.1016/S0272-6386(03)00024-6
http://doi.org/10.1002/hep.510290123
http://doi.org/10.1007/s10620-015-3801-y
http://doi.org/10.1016/S0272-6386(97)90345-0
http://doi.org/10.1111/j.1600-6143.2010.03091.x
http://doi.org/10.3390/jcm10010089
http://doi.org/10.1177/039139880903200502
http://www.ncbi.nlm.nih.gov/pubmed/19569034
http://doi.org/10.1016/j.nefro.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30905391
http://doi.org/10.1111/j.1600-6143.2010.03280.x
http://www.ncbi.nlm.nih.gov/pubmed/20977636
http://doi.org/10.1093/ckj/sfx048
http://doi.org/10.1111/ctr.13055
http://doi.org/10.1177/003335491312800403
https://www.hepatitisc.uw.edu/go/screening-diagnosis/acute-diagnosis/core-concept/all
https://www.hepatitisc.uw.edu/go/screening-diagnosis/acute-diagnosis/core-concept/all


Pharmaceutics 2021, 13, 496 13 of 14

19. Levitsky, J.; Formica, R.; Bloom, R.; Charlton, M.; Curry, M.; Friedewald, J.; Friedman, J.; Goldberg, D.; Hall, S.; Ison, M.; et al. The
American Society of Transplantation consensus conference on the use of hepatitis C viremic donors in solid organ transplantation.
Am. J. Transplant. 2017, 2, 2790–2802. [CrossRef]

20. AASLD (American Association for the Study of Liver Diseases) and IDSA (Infectious Disease Society of America): HCV Guidance:
Recommendations for Testing, Managing, and Treating Hepatitis, C. Available online: http://hcvguidelines.org (accessed on
27 August 2020).

21. Kirby, B.; Symonds, W.; Kearney, B.; Mathias, A. Pharmacokinetic, pharmacodynamics, and drug-interaction profile of the
hepatitis C virus NS5B polymerase inhibitor sofosbuvir. Clin. Pharmacokinet. 2015, 2, 677–690. [CrossRef]

22. Center for Drug Evaluation and Research. Sofosbuvir Clinical Pharmacology and Biopharmaceutics Review. Available online:
https://www.ccessdata.fda.gov/drugsatfda_docs/nda/2013/204671Orig1s000ClinPharmR (accessed on 2 July 2020).

23. Rodriguez Gill, F.; Perez Garrido, I. Sofosbuvir antiviral therapy in HCV patients with severe renal failure. Gastroenterol. Hepatol.
2017, 2, 85–86. [CrossRef]

24. Saxena, V.; Koraishy, F.; Sise, M.; Lim, J.; Schmidt, M.; Chung, R.; Liapakis, A.; Nelson, D.; Fried, M.; Terrault, N.; et al. Safety
and efficacy of sofosbuvir-containing regimens in hepatitis C-infected patients with impaired renal function. Liver Int. 2016, 2,
807–816. [CrossRef]

25. Borgia, S.; Dearden, J.; Yoshida, E.; Shafran, S.; Brown, A.; Ben-Ari, Z.; Cramp, M.; Cooper, C.; Foxton, M.; Rodriguez, C.; et al.
Sofosbuvir/velpatasvir for 12 weeks in hepatitis C virus-infected patients with end stage renal disease undergoing dialysis. J.
Hepatol. 2019, 2, 660–665. [CrossRef]

26. Chuang, W.; Hu, T.; Buggisch, P.; Moreno, C.; Su, W.; Biancone, L.; Spellman, J.; Cheinquer, N.; Hyland, R.; Lu, S.; et al.
Ledipasvir/sofosbuvir for 8, 12, or 24 weeks is safe and effective in patients undergoing dialysis. J. Hepatol. 2019, 2, E225.
[CrossRef]

27. Tokumoto, T.; Tanabe, K.; Shimizu, T.; Shimmura, H.; Iizuka, J.; Ishikawa, N.; Oshima, T.; Yagisawa, T.; Goya, N.; Nakazawa, H.;
et al. Kidney transplantation from a donor who is HCV antibody positive and HCV RNA negative. Transplant. Proc. 2000, 2,
1597–1599. [CrossRef]

28. Cruzado, J.; Gil-Vernet, S.; Castellote, J.; Bestard, O.; Melilli, E.; Grinyo, J. Successful treatment of chronic HCV infection should
not preclude kidney donation to an HCV negative recipient. Am. J. Transplant. 2013, 2, 773–2774. [CrossRef]

29. Nowak, K.; Witzke, O.; Sotiropoulos, G.; Benko, T.; Fiedler, M.; Timm, J.; Kibben, A.; Wilde, B.; Saner, F.; Paul, A.; et al.
Transplantation of renal allografts from organ donors reactive for HCV antibodies to HCV-negative recipients: Safety and clinical
outcome. Kidney Int. Rep. 2016, 2, 53–59. [CrossRef]

30. de Vera, M.; Volk, M.; Ncube, Z.; Blais, S.; Robinson, M.; Allen, N.; Evans, R.; Weissman, J.; Baron, P.; Kore, A.; et al. Transplantation
of hepatitis C virus (HCV) antibody positive, nucleic acid test negative donor kidneys to HCV negative patients frequently results
in seroconversion but not HCV viremia. Am. J. Transplant. 2018, 2, 2451–3456. [CrossRef]

31. Dao, A.; Cuffy, M.; Kaiser, T.; Loethen, A.; Cafardi, J.; Luckett, K.; Rike, A.; Cardi, M.; Alloway, R.; Govil, A.; et al. Use of HCV
Ab+/NAT− donors in HCV naïve renal transplant recipients to expand the kidney donor pool. Clin. Transplant. 2019, 2, e13598.
[CrossRef]

32. Franco, A.; Moreso, F.; Merino, E.; Sancho, A.; Kanter, J.; Gimeno, A.; Balibrea, N.; Rodriguez, M.; Perez Contreras, F. Renal
transplantation from seropositive hepatitis C virus donors to seronegative recipients in Spain: A prospective study. Transpl. Int.
2019, 2, 710–716. [CrossRef]

33. Crismale, J.; Khalid, M.; Bhansali, A.; De Boccardo, G.; Khaim, R.; Florman, S.; Shapiro, R.; Schiano, T. Liver, simultaneous
liver-kidney, and kidney transplantation from hepatitis C-positive donors in hepatitis C-negative recipients: A single-center
study. Clin. Transplant. 2020, 2, e13761. [CrossRef]

34. Wolfe, C.; Tlusty, S.; Veve, G.; Bag, R.; Berry, G.; Bucio, J.; Danziger-Isakov, L.; Florescu, D.; Goldberg, D.; Ho, C.; et al. Donor
Derived Transmissions in 2016-107: Analysis of the OPTN ad hoc Disease Transmission Advisory Committee (DTAC); [abstract 565];
American Transplant Congress: Philadelphia, PA, USA, 2018.

35. Wang, J.; Gustafson, S.; Skeans, M.; Lake, J.; Kim, W.; Kasiske, B.; Israni, A.; Hart, A. OPTH/SRTR 2018 Annual Data Report. Am.
J. Transplant. 2020. [CrossRef]

36. King, C.; Perkins, J.; Landis, C.; Limaye, A.; Sibulesky, L. Utilization of organs from donors according to hepatitis C antibody and
nucleic acid testing status: Time for change. Am. J. Transplant. 2017, 2, 2863–2868. [CrossRef] [PubMed]

37. Bowring, M.; Shaffer, A.; Massie, A.; Cameron, A.; Desai, N.; Sulkowski, M.; Garonzi-Wang, J.; Segev, D. Center-level trends
in utilization of HCV-exposed donors for HCV-uninfected kidney and liver transplant recipients in the United States. Am. J.
Transplant. 2019, 2, 2329–2341. [CrossRef] [PubMed]

38. Durand, C.; Bowring, M.; Brown, D.; Chattergoon, M.; Massaccesi, G.; Bair, N.; Wesson, R.; Rayad, A.; Naqvi, F.; Ostrander,
D.; et al. Direct-acting antiviral prophylaxis in kidney transplantation from hepatitis C virus-infected donors to non-infected
recipients. An open-label nonrandomized trial. Ann. Intern. Med. 2018, 2, 533–540. [CrossRef] [PubMed]

39. Reese, P.; Abt, P.; Blumberg, E.; Van Deerlin, V.; Bloom, R.; Potluri, V.; Levine, M.; Porett, P.; Sawinski, D.; Nazarian, S.; et al.
Twelve-month outcomes after transplant of hepatitis C-infected kidneys into uninfected recipients: An open-label nonrandomized
trial. Ann. Intern. Med. 2018, 2, 273–281. [CrossRef]

40. Goldberg, D.; Abt, P.; Goldberg, D.; Blumberg, E.; Van Deerlin, V.; Levine, M.; Reddy, K.; Bloom, R.D.; Nazarian, S.; Sawinski, D.;
et al. Trial of transplantation of HCV-infected kidneys into uninfected recipients. N. Engl. J. Med. 2017, 2, 2394–2395. [CrossRef]

http://doi.org/10.1111/ajt.14381
http://hcvguidelines.org
http://doi.org/10.1007/s40262-015-0261-7
https://www.ccessdata.fda.gov/drugsatfda_docs/nda/2013/204671Orig1s000ClinPharmR
http://doi.org/10.1016/j.gastre.2015.12.012
http://doi.org/10.1111/liv.13102
http://doi.org/10.1016/j.jhep.2019.05.028
http://doi.org/10.1016/S0618-8278(19)30419-0
http://doi.org/10.1016/S0041-1345(00)01572-4
http://doi.org/10.1111/ajt.12400
http://doi.org/10.1016/j.ekir.2016.09.058
http://doi.org/10.1111/ajt.15031
http://doi.org/10.1111/ctr.13598
http://doi.org/10.1111/tri.13410
http://doi.org/10.1111/ctr.13761
http://doi.org/10.1111/ajt.15679
http://doi.org/10.1111/ajt.14386
http://www.ncbi.nlm.nih.gov/pubmed/28688205
http://doi.org/10.1111/ajt.15355
http://www.ncbi.nlm.nih.gov/pubmed/30861279
http://doi.org/10.7326/M17-2871
http://www.ncbi.nlm.nih.gov/pubmed/29507971
http://doi.org/10.7326/M18-0749
http://doi.org/10.1056/NEJMc1705221


Pharmaceutics 2021, 13, 496 14 of 14

41. Friebus-Kardash, J.; Gackler, A.; Kribben, A.; Witzke, O.; Wedemeyer, H.; Treckman, J.; Herzer, K.; Eisenberger, U. Successful early
sofosbuvir-based antiviral treatment after transplantation of kidneys from HCV-viremic donors into HCV-negative recipients.
Transpl. Infect. Dis. 2019, 2, e13146. [CrossRef]

42. Sise, M.; Strohbein, I.; Chute, D.; Gustafson, J.; Van Deerlin, V.; Smith, J.; Gentile, C.; Wojciechowski, D.; Williams, W.; Elias,
N.; et al. Pre emptive treatment with elbasvir and grazoprevir for hepatitis C viremic donor to uninfected recipient kidney
transplantation. Kidney Int. Rep. 2020, 2, 459–467. [CrossRef]

43. Sise, M.; Goldberg, D.; Kort, J.; Schaubel, D.; Alloway, R.; Durand, C.; Fontana, R.; Brown, R.; Friedewald, J.; Prenner, S.; et al.
Multicenter study to transplant hepatitis C-infected kidneys (MYTHIC): An open-label study of combined glecaprevir and
pibrentasvir to treat recipients of transplanted kidneys from deceased donors with hepatitis C virus infection. J. Am. Soc. Nephrol.
2020, 2, 2678–2687. [CrossRef]

44. Molnar, M.; Nair, S.; Ceseprekal, O.; Yasawa, M.; Talvzar, M.; Balaraman, V.; Podila, P.; Mas, V.; Maluf, D.; Helmick, R.; et al.
Transplantation of kidneys from hepatitis C-infected donors to hepatitis C-negative recipients: Single-center experience. Am. J.
Transplant. 2019, 2, 3046–3057. [CrossRef]

45. Feld, J.; Cypel, M.; Kumar, D.; Dahari, H.; Pinto Ribeiro, R.; Marks, N.; Kamkar, N.; Bahinskaya, I.; Onofrio, F.; Zahoor, M.; et al.
Short-course, direct-acting antivirals and ezetimibe to prevent HCV infection in recipients of organs from HCV-infected donors:
A phase 3, single-centre, open-label study. Lancet Gastroenterol. Hepatol. 2020, 2, 649–657. [CrossRef]

46. Kapila, N.; Menon, K.; Al-Khalloufi, K.; Vanatta, J.; Murgas, C.; Reino, D.; Ebaid, S.; Shaw, J.; Agrawal, N.; Rhazouani, S.; et al.
Hepatitis C virus NAT-positive solid organ allografts transplanted into hepatitis C virus –negative recipients: A real-world
experience. Hepatology 2020, 2, 32–41. [CrossRef]

47. Terrault, N.; Burton, J.; Ghobrial, M.; Verna, E.; Bayer, J.; Klein, C.; Victor, D.; Moan, S.; Trotter, J.; Dodge, J.; et al. Prospective
multicenter study of early antiviral therapy in liver and kidney transplant recipients of HCV-viremic donors. Hepatology 2020.
[CrossRef]

48. Harvey, E. Research funded by the industry. Can. J. Surg. 2011, 2, 293. [CrossRef]
49. Gupta, G.; Yakubu, I.; Bhati, C.; Zhang, Y.; Kang Le Patterson, J.; Andrews-Joseph, A.; Alam, A.; Ferreira-Gonzalez, A.; Kumar,

D.; Moinuddin, I.; et al. Ultra-short duration direct acting antiviral prophylaxis to prevent virus transmission from hepatitis C
viremic donors to hepatitis C negative kidney transplant recipients. Am. J. Transplant. 2020, 2, 739–751. [CrossRef]

50. Burton, J.; Terrault, N.; Goldberg, D.; Bloom, R.; Gilroy, R.; Heimbach, J.; Brown, R.; Everson, G.; Rubin, E.; Wiesner, R.; et al. Liver
and kidney recipient selection of HCV-viremic donors- meeting consensus report from the 2019 controversies in transplantation.
Transplantation 2020, 2, 476–481. [CrossRef]

51. Verna, E.; Tsapepas, D.; Emond, J.; Brown, R.; Mohan, S. Utilization of hepatitis C virus viremic organs for HCV negative
recipients: Is practice speeding past the evidence? Hepatology 2020, 2, 4–7. [CrossRef]

52. Wadei, H.; Punpapong, S.; Cortese, C.; Alexander, M.; Keaveny, A.; Yang, L.; Taner, C.; Crome, K. Transplantation of HCV-infected
organs into uninfected recipients: Advance with caution. Am. J. Transplant. 2019, 2, 960–961. [CrossRef]

53. Potluri, V.; Goldberg, D.; Mohan, S.; Bloom, R.; Sawinski, D.; Abt, P.; Blumberg, E.; Parikh, C.; Sharpe, J.; Reddy, K.; et al. National
trends in utilization and 1-year outcomes with transplantation of HCV-viremic kidneys. J. Am. Soc. Nephrol. 2019, 2, 1939–1951.
[CrossRef]

http://doi.org/10.1111/tid.13146
http://doi.org/10.1016/j.ekir.2020.01.001
http://doi.org/10.1681/ASN.2020050686
http://doi.org/10.1111/ajt.15530
http://doi.org/10.1016/S2468-1253(20)30081-9
http://doi.org/10.1002/hep.31011
http://doi.org/10.1002/hep.31551
http://doi.org/10.1503/cjs.023811
http://doi.org/10.1111/ajt.15664
http://doi.org/10.1097/TP.0000000000003014
http://doi.org/10.1002/hep.30933
http://doi.org/10.1111/ajt.15152
http://doi.org/10.1681/ASN.2019050462

	Introduction 
	Natural History of HCV and RT 
	Kidney Transplantation from HCV-Positive Donors (Early Evidence) 
	Kidney Transplantation from HCV-Positive Donors (Virology) 
	DAAs, HCV, and Kidney Transplant 
	Kidney Transplant from HCV-Positive/NAT-Negative (HCV RNA-Negative) Donors in Naïve Recipients 
	Kidney Transplant from HCV-Positive/NAT-Positive (HCV RNA-Positive) Donors in Naïve Recipients 
	Kidney Transplant from HCV/NAT-Positive Donors to Naïve Recipients: Pros and Cons 
	Conclusions 
	References

