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Introduction

The treatment of hepatitis C virus (HCV) has undergone 
significant changes within the past decade. One of these 
changes is the ability to treat hepatitis C with direct-acting 
antiviral agents (DAA) that do not involve the use of interferon 
[1]. This advancement in therapy has allowed for consideration 
of antiviral therapy in non-hepatic transplant recipients [2]. 
Previously, high rates of allograft rejection from immune 
stimulation by interferon precluded antiviral therapy in 
these patients [3-5]. In addition to tolerability, new treatment 
regimens for hepatitis C are significantly more effective than 

previous iterations, allowing for confidence in treatment 
efficacy [2]. These new DAA combinations have dramatically 
affected the practice of solid organ transplantation (SOT). The 
United States is simultaneously in the midst of an epidemic of 
opioid use that disproportionally affects younger and healthier 
individuals [6-8]. There is a high rate of HCV infection in these 
individuals. The opioid epidemic escalated dramatically in 
the 2010s, with 13.4% of organ donors dying of overdose in 
2017, compared to 1.1% of organ donors dying of overdose 
in 2010 [7]. Overdose deaths rose again in 2019-2020, largely 
driven by illicitly manufactured fentanyl and concurrent 
stimulant use [9]. Of organ donors who died of drug overdose, 
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the prevalence of HCV infection increased from 7.8% in 2000 
to 30% in 2017 [7]. In the past, those people who were HCV 
positive were not considered to be organ donors to recipients 
that were not already infected with hepatitis C. The efficacy 
and tolerability of HCV therapy with new DAA regimens allows 
for these donor organs to be transplanted to patients with 
organ failure regardless of whether they are already infected 
with hepatitis C. They are then cured of hepatitis C after 
transplantation with antiviral therapy. 

Early Thoughts Regarding Transplantation of HCV 
NAT+ Organs into HCV NAT- Recipients

Organs from HCV positive donors have been able to be 
transplanted into recipients with known HCV since the 1990s 
with acceptable outcomes [10-12]. However, when these 
organs were used as donors in HCV-negative recipients 
prior to DAAs, there were overall poor outcomes including 
graft loss and death [13]. Deaths were attributed to higher 

rates of infection, development of post-transplant diabetes, 
glomerulonephritis, and liver failure [13,14]. From 1995 
through 2008, HCV antibody positive kidneys were 2.9 times 
more likely to be discarded compared to HCV negative kidneys 
[15]. In the setting of new DAA antiviral regimens for HCV, 
clinical practices have evolved with more institutions utilizing 
HCV NAT+ donor organs with thorough informed consent of 
the recipients. In the context of highly effective DAA therapy, 
one survey revealed that 82% of transplant candidates would 
at least potentially accept a HCV+ donor [16]. 

Challenges of Antiviral Therapy

Since the advent of effective DAA therapy for HCV, several 
transplant centers have reported their experience with 
transplantation of HCV NAT+ kidneys into HCV naïve recipients 
(Table 1). Transplant centers have instituted varying strategies 
for antiviral therapy of HCV after liver transplantation. 
Specifics regarding the timing of antiviral treatment range 

Table 1: Available Trials and Reports of HCV D+/R- Kidney Transplantation.

Author/Trial Study design Included patients 
(kidney transplants) Treatment strategy Outcomes

Goldberg et al. [28] 
2017

THINKER-1

Single-center, open-
label, nonrandomized 
trial

10 HCV D+/R-
Early (Tested POD 3)

12 week DAA, same for all

- 100% SVR

- Median eGFR at 6 months was 
63 mL/min

Reese et al. [29] 
2018

THINKER-2

Single-center, open-
label, nonrandomized 
trial

Additional 10 
HCV D+/R- from 
THINKER-1

Early (Tested POD 3)

12 or 16 week DAA based 
on resistance testing, same 
DAA for all

- 100% SVR

- No significant difference in 
eGFR at 6 months in HCV+ vs. 
HCV-

- No cases of rejection

Durand et al. [30] 
2018

EXPANDER

Single-center, open-
label, nonrandomized 
trial

10 HCV D+/R-

Early/Prophylactic (1 dose 
pre-operative then POD 1)

12 week DAA based on 
genotype

- 100% SVR

- No treatment related adverse 
events

- Median eGFR at 12 weeks was 
64 mL/min

Molnar et al. [31] 
2019

Single-center, 
retrospective cohort 
study

53 HCV D+/R-

Delayed (Median POD 76)

12-16 week DAA deter-
mined by hepatologist

- 100% SVR

- 1 patient developed FCH but 
resolved

- 4 patients had acute rejection

- Median eGFR at SVR12 was 67 
mL/min

- 34% developed BK viremia, 
60% developed CMV viremia
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La Hoz et al. [34] 
2019

Retrospective analysis 
of OPTN registry

548 HCV D+/R- and 
36,934 HCV D-/R- Not reported

- HCV D+/R- had significantly 
lower delayed graft function 
and better eGFR at 6 months

- No difference in graft failure or 
survival

Gupta et al. [19]   
2020

DAPPeR

Single-center, open-
label nonrandomized 
trial

50 HCV D+/R-

Early/Prophylactic (1 dose 
pre-operative then POD 1 or 
POD 1-3)

12 week DAA based on 
genotype and resistance 
testing

- 83% SVR

- Only 6 required full DAA 
treatment

- 1 death, 1 graft loss

Kapila et al. [35] 
2020

Single-center, 
prospective cohort 
study

64 HCV D+/R-

Early (Tested POD 3-5)

DAA based on genotype 
and insurance approval

- 71% SVR (with other 29% 
pending)

- 2 patients developed FCH but 
resolved

- 1 patient died of unknown 
cause

Sise et al. [32] 2020

MYTHIC

Multicenter, 
prospective cohort 
study

30 HCV D+/R-
Early (POD 2-5)

8 week DAA, same for all

- 100% SVR

- 3 patients developed rejection

- 1 patient died of sepsis after 
SVR

- 3 patients had BK viremia

- Median eGFR at 6 months was 
57 mL/min

Durand et al. [36] 
2021

Single-center, open-
label, nonrandomized 
trial

10 HCV D+/R-

Early/Prophylactic (1 dose 
pre-operative then POD 1)

4 week DAA, same for all

- 100% SVR

- No episodes of rejection

- 1 graft failure from venous 
thrombosis

Molnar et al. [37] 
2021

Single-center, 
retrospective cohort 
study

124 (65 HCV D+/R- 
and 59 HCV D-/R-)

Additional work 
following 2019 study

Delayed (Median POD 76)

12-16 week DAA 
determined by hepatologist

- 100% SVR

- Similar eGFR between two 
groups at 3, 6, 9, and 12 months

- No difference in proportion of 
rejection, readmission, or death

- HCV+ recipients had lower risk 
of graft loss

Concepcion et al. 
[33] 2021

Single-center, 
retrospective cohort 
study

100 (50 HCV D+/R- 
and 50 HCV D-/R-)

Delayed (POD 29 +/- 11)

12-week DAA based on 
genotype and insurance 
approval

- 100% SVR

- At 6 months, no difference 
between SCr and eGFR

- No difference in rates of 
rejection, readmission, 
complications
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from initiating treatment pre-operatively with one dose of 
DAAs to administering DAAs immediately post-operatively, to 
starting treatment several weeks post-operatively. Strategies 
are therefore categorized as prophylactic/pre-emptive/early 
approach versus delayed initiation (Figure 1). There are 
several factors that might influence timing of antiviral therapy 
including availability of antiviral therapy in the inpatient 
setting, testing turn-around time, cost of DAAs, route of drug 
delivery, and drug-drug interactions. 

In the real-world experience of treating HCV, the hepatitis 
C genotype is determined and patients are initiated on 
a DAA regimen that is preferred and covered by their 
health insurance provider [17,18]. Those patients who lack 
medical insurance and the personal resources to pay for 
antiviral therapy may qualify for medication coverage by the 
pharmaceutical company itself. Typically, renal transplant 
recipients have medical insurance that will provide coverage 
for antiviral medications. The retail cost of an 8 to 12-week 
treatment course of DAAs is considerable, making insurance 
authorization processes very stringent. Early clinical trials 

in which antiviral therapy was administered in the inpatient 
setting involved the cost of antiviral therapy being paid by the 
transplant center, or by pharmaceutical companies that were 
involved in the specific clinical trial [19]. Edmonds found that 
in a real-world setting following solid organ transplants from 
HCV+ donors, it took patients about 45 days from transplant 
to receive their first dose of antiviral medication. Only 65% 
received insurance approval on initial submission, but with 
eventual insurance coverage or copay assistance programs 
provided by the pharmaceutical companies, the out-of-
pocket costs for patients ended up being negligible [20]. In a 
cohort of 52 transplant patients in a North American medical 
center, significantly more patients had DAA initiation delays 
with commercial prescription coverage plans compared to 
governmental ones [21].

Treatment considerations may also include issues of drug 
delivery. Antiviral treatment regimens that are initiated 
early after transplantation may be started while patients are 
still intubated and unable to swallow pills. There is limited 
pharmacokinetic data on delivery of DAAs in crushed form 

Figure 1: Prophylactic, early approach strategies versus delayed initiation.
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via enteral access tube [22-24]. In addition, there are several 
drug-drug interactions to be aware of as well including 
immunosuppressants, amiodarone, proton pump inhibitors, 
azole family drugs [25-27]. However, despite all of these 
considerations, patients in available reports ultimately 
received treatment with various DAA regimens including 
glecaprevir/pibrentasvir, elbasvir/grazoprevir, sofosbuvir/
velpatasvir, and sofosbuvir/ledipasvir [19,28-33].

Available Trials and Reports of HCV D+/R- Kidney 
Transplantation

As noted in Table 1, treatment success is extremely high. Those 
rare patients who have been noted to have persistent viremia 
despite DAA therapy have had concerns raised by the author 
about lack of treatment adherence and patients subsequently 
declining further antiviral treatment although eligible [19]. 
Every other study, with over 300 patients analyzed in total, 
reported a 100% sustained virological response not counting 
the patients whose virologic response was still pending. 

Outcomes

Those patients who were consented to receive a HCV+ donor 
kidney have been noted to have a significantly reduced time to 
transplant of between 23.5 to 58 days [28,32,35]. Although this 
waitlist time has increased over time as HCV+ transplants have 
become more widely utilized, this is still much shorter than 
the waitlist time for general deceased donor kidney transplant 
(DDKT). From the Organ Procurement and Transplantation 
Network (OPTN) and the Scientific Registry of Transplant 
Recipients (SRTR) 2019 annual report, only approximately 
25% of candidates for kidney transplantation receive a DDKT 
within 5 years. The median waitlist time has not been able to 
be calculated in over a decade due to half of the patients on 
the waitlist being listed since at least 2008 [38]. Considering 
the cost and reduced quality of life of patients with end-stage 
renal disease who are treated with maintenance dialysis, there 
is a substantial benefit that the patient could be afforded if 
willing to accept an HCV viremic transplant. Eckman described 
significantly increased effectiveness, measured in quality-
adjusted life-years (QALYs) and U.S. dollars, from receiving 
an HCV+ kidney and subsequent antiviral treatment when 
compared to a HCV- kidney transplant. He estimated that 
unless the wait time for a HCV- kidney was less than 3.1 years, 
it was more effective to accept a HCV+ kidney. In this cost-
effectiveness analysis, the median waitlist time was assumed 
to be 4.0 years for HCV- kidney transplants and 1.56 years for 
HCV+ kidney transplants to HCV- recipients. Costs of dialysis, 
DAA treatment, and overall mortality pre-transplant and post-
transplant were major factors [39].

Although several studies described rapid post-transplant 
viremia occurring approximately 0-3 days post-operatively, 
there are differing conclusions as to whether or not this 

viremia is clinically significant [28,35]. Durand and Gupta both 
instituted prophylactic dosing with one dose immediately 
pre-operatively and then again starting POD1 to try to prevent 
any viremia from occurring [19,30,36]. Durand achieved more 
success with an extended 4 weeks of prophylactic treatment 
[36]. However, with delayed treatment, mimicking real-world 
experience, there were found to be no difference in rejection, 
readmission, and death [33,37].

Risks of HCV viremia have noted to potentially include 
fibrosing cholestatic hepatitis (FCH), BK viremia, and rejection. 
In this review, there were only 3 noted cases of FCH that 
resolved in a timely fashion with initiation of DAA therapy 
[31,35,40]. There were no studies in this review of kidney 
transplants that noted a significantly increased rate of organ 
rejection, however studies have previously noted increased 
rates of graft dysfunction and acute cellular rejection in heart 
transplants and liver transplants [41-44]. Molnar also noted 
high levels of BK viremia and CMV viremia in concurrence with 
HCV viremia, but overall in another more recent study found 
that a HCV+ renal transplant did not significantly increase a 
patient’s risk of developing BK viremia compared to HCV- 
transplants, although there was a higher risk of severe viremia 
in those patients affected [45]. 

Future Considerations

The use of HCV NAT+ donor kidneys has become very 
widespread with many transplant centers adopting this 
strategy. The utility of these organs in HCV naïve recipients has 
gained acceptance, although there remain concerns about 
whether subsequent HCV viremia leads to adverse events 
such as rejection, severe hepatic dysfunction, death, or other 
adverse outcomes. To date, there has not been evidence to 
suggest that a real-world delay in initiation of antiviral therapy 
after kidney transplantation results in higher risks of adverse 
outcomes. However, more research must be done to confirm 
the safety of this approach due to low sample size of current 
studies [33,37]. In addition, with increased use of HCV+ 
donor solid organ transplantation, there may be modified 
and expedited insurance authorization for DAA making 
the agents available while inpatient or very shortly after 
discharge. The specific pharmacologic agents used may still 
be guided by genotype, insurance coverage, and hepatologist 
recommendation. Further research will be needed to specify 
the pharmacokinetic interactions with other medications 
and the bioavailability of direct acting antiviral medications 
in crushed or alternative formulations. Avenues of research 
have included trialing kidney pump perfusion to reduce the 
viral inoculation load of HCV. Viral levels decreased but were 
not statistically or clinically significant. All patients still had 
detectable viremia and required DAA [46]. However, future 
efforts in biomedical engineering may be able to modify 
transmission of viruses between donor and recipients in SOT. 
Long-term outcomes are limited due to the paradigm shift in 
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practice only evolving within the last 4 years. However, HCV has 
been present for several decades and current data suggests 
that once a patient has attained SVR, there is a very low 
recurrence risk. Simmons has cited the risk of viral recurrence 
to be 1.85 per 1000 person-years and many “recurrences” are 
in fact due to reinfection with a different HCV strain [47]. Long-
term outcomes of those patients who have already undergone 
HCV+ kidney transplantation will be helpful to fully elucidate 
the benefits of the approach of utilizing HCV viremic donor 
organs. 

Conclusions

While organ donation has increased over the past few 
decades, so have HCV infected donors as a result of the opioid 
epidemic [7]. Solid organ transplants from HCV+ donors 
have been done in liver transplantation for several decades 
but have recently expanded to other organs including 
kidney, heart, and lung. With the new generation of direct-
acting antiviral agents, treatment of HCV after transplant has 
become accepted in several medical institutions and highly 
successful. From this review of 11 different trials, studies, and 
retrospective analyses, all available data has shown near 100% 
SVR in HCV- kidney transplant recipients who received organs 
from HCV+ donors. There are few reported adverse events but 
those of note include fibrosing cholestatic hepatitis, rejection, 
and BK and CMV viremia. Studies have not demonstrated 
any significant difference in readmission and death rates 
between D+/R- and D-/R- transplants [34]. There is also no 
proven consequence of a delayed approach with “real world” 
treatment of HCV [33,37]. HCV viremic organ donation has 
been proven to be a safe and effective.
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