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Trial of Transplantation of HCV-Infected Kidneys  
into Uninfected Recipients

To the Editor: Waiting times for kidney trans-
plants exceed 3 to 5 years in many parts of the 
United States.1 Yet more than 500 high-quality 
kidneys from deceased donors with hepatitis C 
virus (HCV) infection are discarded annually.2,3 
Direct-acting antiviral agents, which are associ-
ated with high HCV cure rates and manageable 
side effects, have created the potential to substan-
tially increase the number of kidney transplants 
by making HCV-infected kidneys available to 
HCV-negative candidates on the waiting list.4,5

In this open-label, single-group, pilot trial at 
the University of Pennsylvania (Transplanting 
Hepatitis C Kidneys into Negative Kidney Re-
cipients [THINKER]; ClinicalTrials.gov number, 
NCT02743897) we sought to determine the safe-
ty and efficacy of transplantation of kidneys from 
HCV genotype 1–viremic donors into HCV-nega-
tive patients, followed by elbasvir–grazoprevir 
(Zepatier) treatment. An external data and safety 
monitoring board reviewed all aspects of the trial. 
The authors vouch for the completeness and ac-
curacy of the data and analysis and for the adher-
ence of the trial to the protocol, available with the 
full text of this letter at NEJM.org.

Adults who were undergoing dialysis and who 
had long anticipated waiting times for a kidney 
transplant were eligible for inclusion in the trial, 
and patients with conditions that substantially 
elevate the risks of liver disease, allograft failure, 
or death were excluded. A physician-led, three-step, 
informed-consent process was implemented.

Deceased-donor criteria ensured selection of 
high-quality kidneys (see the Supplementary Ap-
pendix, available at NEJM.org). Since elbasvir–
grazoprevir is not approved by the Food and Drug 
Administration (FDA) for patients with HCV geno-
types 2 or 3, and a direct-acting antiviral agent for 
the treatment of patients with those genotypes 
who have renal failure has not been approved by 
the FDA, donors were limited to those who had 
positive qualitative HCV nucleic acid test results 

and HCV genotype 1. We developed a new proto-
col for donor genotyping concurrent with organ 
allocation (see the Supplementary Appendix).

Intravenous glucocorticoids and rabbit anti-
thymocyte globulin were administered to all re-
cipients, followed by oral tacrolimus, mycopheno-
late mofetil, and prednisone. The HCV viral load 
was measured in recipients on postoperative day 3; 
elbasvir–grazoprevir was initiated when the re-
sults became positive, and therapy was maintained 
for 12 weeks.

Among 38 patients who were potentially eli-
gible to participate in the trial, 22 attended an 
educational presentation, and 14 provided written 
informed consent and had their waiting-list pro-
file changed to indicate eligibility to receive an 
HCV-infected kidney. Per protocol, 10 patients 
received HCV-infected kidneys. The median age 
of the recipients was 59 years (interquartile range, 
51 to 63); half the recipients were men and 2 were 
black. The median time from eligibility on the 
waiting list for hepatitis C–infected kidneys to 
transplantation was 58 days (interquartile range, 
53 to 100). The median Kidney Donor Profile In-
dex score (on a scale from 0 to 100%, with higher 
values indicating a greater risk of graft failure for 
an individual kidney) was 42% (interquartile range, 
32 to 48) (see Table S4 in the Supplementary Ap-
pendix).

On day 3 after transplantation, all recipients 
had detectable HCV RNA; viral loads ranged from 
less than 15 IU per milliliter (detectable but un-
quantifiable) to 193,000 IU per milliliter (Fig. 1). 
Elbasvir–grazoprevir was initiated in all recipients. 
Nine recipients had HCV genotype 1a infection; 
none had identifiable NS5A resistance. All recipi-
ents were cured of HCV; a cure was defined as a 
sustained virologic response 12 weeks after the 
end of treatment.4,5

The median 6-month serum creatinine level 
was 1.1 mg per deciliter (97 μmol per liter; inter-
quartile range, 0.8 to 1.3 mg per deciliter [71 to 
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115 μmol per liter]), and the estimated glomerular 
filtration rate was 62.8 ml per minute per 1.73 m2 
(interquartile range, 51.8 to 83.1). One recipient 
had delayed graft function, transiently elevated 
aminotransferase levels developed in two recipi-
ents, and a transient new class I donor-specific 
antibody level (1800 mean fluorescence intensity 
units) developed in one patient. Proteinuria (at an 
estimated level of 2 g per day of urinary protein 
excretion) developed in one patient who had IgA 
nephropathy before transplantation; in this pa-
tient, focal segmental glomerulosclerosis was de-
tected on biopsy after a sustained virologic re-
sponse was reached 12 weeks after the end of 
treatment (see Table S6 in the Supplementary 
Appendix).

This pilot trial showed that transplantation of 
HCV genotype 1–infected kidneys into HCV-neg-
ative recipients, followed by the use of direct-
acting antiviral agents, can provide potentially 
excellent allograft function with a cure of HCV 
infection.
David S. Goldberg, M.D. 
Peter L. Abt, M.D. 
Emily A. Blumberg, M.D. 
Vivianna M. Van Deerlin, M.D., Ph.D. 
Matthew Levine, M.D., Ph.D. 
K. Rajender Reddy, M.D. 

Roy D. Bloom, M.D. 
Susanna M. Nazarian, M.D., Ph.D. 
Deirdre Sawinski, M.D. 
Paige Porrett, M.D., Ph.D. 
Ali Naji, M.D., Ph.D.
University of Pennsylvania 
Philadelphia, PA

Richard Hasz, M.F.S. 
Lawrence Suplee, M.S.
Gift of Life Donor Program 
Philadelphia, PA

Jennifer Trofe-Clark, Pharm.D. 
Anna Sicilia, B.S. 
Maureen McCauley, B.A.
University of Pennsylvania 
Philadelphia, PA

Midhat Farooqi, M.D., Ph.D.
Children’s Mercy Hospital 
Kansas City, MO

Caren Gentile, M.S. 
Jennifer Smith, B.S. 
Peter P. Reese, M.D.
University of Pennsylvania 
Philadelphia, PA 
peter.reese@uphs.upenn.edu

Supported by an investigator-initiated grant from Merck to 
the University of Pennsylvania and by the Fred and Suzanne 
Biesecker Pediatric Liver Center at Children’s Hospital of Phila-
delphia.

Disclosure forms provided by the authors are available with 
the full text of this letter at NEJM.org.

This letter was published on April 30, 2017, at NEJM.org.

1. Reese PP, Harhay MN, Abt PL, Levine MH, Halpern SD. New 
solutions to reduce discard of kidneys donated for transplanta-
tion. J Am Soc Nephrol 2016; 27: 973-80.
2. Reese PP, Abt PL, Blumberg EA, Goldberg DS. Transplanting 
hepatitis C–positive kidneys. N Engl J Med 2015; 373: 303-5.
3. Goldberg DS, Blumberg E, McCauley M, Abt P, Levine M. 
Improving organ utilization to help overcome the tragedies of 
the opioid epidemic. Am J Transplant 2016 July 20 (Epub ahead 
of print).
4. Roth D, Nelson DR, Bruchfeld A, et al. Grazoprevir plus el-
basvir in treatment-naive and treatment-experienced patients 
with hepatitis C virus genotype 1 infection and stage 4-5 chron-
ic kidney disease (the C-SURFER study): a combination phase 3 
study. Lancet 2015; 386: 1537-45.
5. Zeuzem S, Ghalib R, Reddy KR, et al. Grazoprevir-elbasvir 
combination therapy for treatment-naïve cirrhotic and noncir-
rhotic patients with chronic hepatitis C virus genotype 1, 4, or 6 
infection: a randomized trial. Ann Intern Med 2015; 163: 1-13.

DOI: 10.1056/NEJMc1705221
Correspondence Copyright © 2017 Massachusetts Medical Society.

Figure 1. Hepatitis C Viral Load in 10 Kidney-Transplant 
Recipients.

The hepatitis C viral load was measured by means of 
polymerase chain reaction. Each curve represents a 
transplant recipient.
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