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L
ongwaiting times for kidney transplantation and the
major health burdens of dialysis have generated in-

terest in transplanting kidneys from donors with blood-
borne viral infections. Until 2015, most kidneys from
deceased donors with hepatitis C virus infection (HCV)
were discarded or not procured because of the toxicity
of interferon-based HCV treatment in recipients.1 The
development of direct-acting antiviral (DAA) therapy
and highHCV cure rates in the general population gener-
ated new optimism that organs fromHCV-RNAþ donors
could be safely transplanted. THINKER (Transplanting
Hepatitis C Kidneys into Negative Kidney Recipients)
and EXPANDER (Exploring Renal Transplants Using
Hepatitis C Infected Donors for HCV-negative Recipi-
ents) were the first trials to report outcomes for
HCV-RNAþ donor kidneys transplanted into recipients
without HCV infection, followed by DAA therapy. Both
trials reported 100% HCV cure rates and good allograft
function through 12 months.2-4 These encouraging early
results, aswell as the growingnumber ofHCV-RNAþ or-
gan donors who have died as a result of the opioid
epidemic, motivated wider use of HCV-RNAþ donor
organs.5

Nevertheless, questions remain about whether donor
HCV infection is associated with worse longer-term
allograft function or carries immunologic conse-
quences, including elevated rejection risk. No detailed
clinical data have been published describing outcomes
beyond 1 year posttransplant. Given this knowledge
gap, we obtained data for THINKER and EXPANDER
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participants collected during usual care until 3 years
posttransplant. Our aim was to report allograft survival
and function as well as immunologic complications,
including rejection and development of de novo donor
specific antibodies (DSA). We also examined estimated
glomerular filtration rate (eGFR) trajectories versus
matched comparators and estimated future allograft
survival using the integrative Box (iBox) scoring
system.6

Supplementary Tables S1 and S2 provide trial in-
clusion/exclusion criteria. Details about methods are
provided in Supplementary Methods S1–S4 and
Supplementary References. The baseline characteristics
of trial participants as well as data about HCV genotype
are presented in Table 1. Data from 45 participants (10
in EXPANDER and 35 in THINKER) were analyzed.
The median age at transplantation was 63 (interquartile
range [IQR] 54–66) years, 12 (27%) were female, and 15
(33%) identified as Black race. Diabetes or hyperten-
sion was the primary cause of end-stage kidney disease
for 23 (51%) recipients. The median days to trans-
plantation from waitlisting was 360 (IQR 184–521). All
participants received rabbit antithymocyte globulin for
induction.
Table 1. Demographic and clinical characteristics of recipients of
kidneys from HCV-RNAþ deceased donors in the THINKER and
EXPANDER trials

Characteristics
THINKER
(N [ 35)

EXPANDER
(N [ 10)

Age in years at transplant, median (IQR) 60 (53–65) 71 (65–72)

Female (%) 10 (29) 2 (20)

Race (%)

White 18 (51) 8 (80)

Black 14 (40) 1 (10)

Other 3 (9) 1 (10)

Cause of ESKD (%)

Diabetes/hypertension 20 (57) 3 (30)

Congenital and cystic disease 6 (17) 2 (20)

FSGS and GN 2 (6) 1 (10)

IgA nephropathy 4 (11) 1 (10)

Other 3 (9) 3 (30)

Pre-emptive transplant (%) 3 (6) 2 (20)

Months on waitlist before study, median (IQR) 10.9 (3.6–14.1) 4.2 (0.9–18.3)

Months on waitlist from HCV NAT activation,
median (IQR)

1.1 (0.4–3.2) 1.0 (0.7–2.0)

HCV genotype (%)

1a 30 (86) 4 (40)

1b 4 (11) 0 (0)

2 0 (0) 1 (10)

3 0 (0) 1 (10)

4 1 (3) 0 (0)

Not performed/unable to determine 0 (0) 4 (40)

ESKD, end-stage kidney disease; EXPANDER, Exploring Renal Transplants Using Hep-
atitis C Infected Donors for HCV-negative Recipients; FSGS, focal segmental glomer-
ulosclerosis; GN, glomerulonephritis; HCV, hepatitis C virus infection; IQR, interquartile
range; NAT, nucleic acid amplification testing; THINKER, Transplanting Hepatitis C
Kidneys into Negative Kidney Recipients.
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Twelve (27%) recipients had delayed graft function.
The most recent median eGFR with 3 years of follow-up
was 65.8 ml/min per 1.73 m2 (IQR 56–81.5). At the end
of follow-up, 36 patients had a median urine protein-
creatinine ratio of 0.13 (IQR 0.1–0.2) g/g, and 8 pa-
tients had proteinuria evaluated by dipstick measure-
ment (7 with no protein, and 1 with trace protein).

As shown in Supplementary Table S3, 8 (18%) re-
cipients underwent a kidney biopsy, 7 enrolled in
THINKER and 1 in EXPANDER. One THINKER recip-
ient with a pretransplant diagnosis of IgA nephropathy
had a biopsy showing focal segmental glomerulo-
sclerosis at 8 months posttransplant and was treated
with losartan for subnephrotic range proteinuria. At 3
years following transplant, this recipient had excellent
graft function with a creatinine of 0.97 mg/dl (eGFR
>80 ml/min) and proteinuria was below 300 mg.
Another THINKER recipient experienced Banff 1a
acute cellular rejection at 13 months, treated with
intravenous corticosteroids. No other THINKER or
EXPANDER patient had biopsy-proven rejection, and
none had BK virus nephropathy on biopsy.

In THINKER, recipients were evaluated for DSA a
median of 6 times (IQR 6–9), whereas in EXPANDER,
recipients were evaluated for DSA a median of 2 times
(IQR 1 – 2). Six patients (13%) developed any de novo
DSA, among whom 3 developed class 2 only, 2 devel-
oped class 1 only, and 1 developed both class 1 and
class 2 DSA. Taking the highest recorded mean fluo-
rescent index for each individual patient, we calculated
the median highest DSA. The median class 1 DSA was
2204 mean fluorescent index, and the median class 2
DSA was 2777 mean fluorescent index.

We compared the eGFR trajectories for recipients of
HCV-RNAþ kidneys and highly similar recipients of
HCV-seronegative donor kidneys. The characteristics
of matched pairs are presented in Supplementary
Table S4. The eGFR trajectories and measurements are
shown in Supplementary Figure S1 and Supplementary
Table S5. Trial participants had numerically higher
median eGFR at 36 months (65.8 ml/min per 1.73 m2

[IQR 56–81.5]) compared to recipients of kidneys
matched on the same allocation kidney donor profile
index (61.8 ml/min per 1.73 m2 [IQR 49.3–79.3]),
whereas recipients of kidneys matched on an “optimal
kidney donor risk index” (kidney donor risk index
recalculated as if participants were HCV-negative) had
an eGFR of 67.4 ml/min per 1.73 m2 (IQR 55.4–80.7). In
general, however, recipients of HCV-RNAþ kidneys
and the 2 comparator groups had excellent allograft
function and differences between groups were not
clinically meaningful.

Unfortunately, 1 recipient in THINKER died
because of pancreatic adenocarcinoma, which was
1461



Figure 1. iBox scores predict excellent allograft survival for re-
cipients in the THINKER-EXPANDER trials* (*Assessed using data
from 3 years posttransplantation). iBOX, Integrative Box.
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unrelated to HCV-viremia or its treatment. In Figure 1,
we show predictions of future allograft survival using
the iBox scoring system, using data from 3 years post-
transplant among the surviving patients. The median
allograft survival predicted by the iBox was 97.6%
(IQR 95.2–98.9) at 6 years post-transplant (i.e., at 3
years post-assessment), 96.1% (IQR 92.3–98.1) at 8
years post-transplant, and 94.3% (IQR 88.9–97.3) at 10
years post-transplant.

Follow-up data from the EXPANDER and THINKER
trials demonstrate that carefully selected kidneys from
HCV-RNAþ donors provided excellent allograft func-
tion up to 3 years. Furthermore, eGFR trajectories and
the iBox suggest that this excellent allograft function
will continue well into the future. Allograft rejection
and death were rare. Thirteen percent of recipients
developed DSA. Taken together, these longer-term data
should generate greater confidence among patients and
transplant clinicians that they can manage complica-
tions of transplantation using HCV-RNAþ kidneys.

The longer-term function of THINKER and
EXPANDER organs suggest that serious virally-
mediated kidney injury is not common among
deceased donors with HCV infection. In the pre-DAA
era, registry data studies showed that recipients of
HCV-seropositive kidneys had worse allograft survival
and, in some cases, higher mortality.7,8 These concern-
ing outcomes were attributed to morbidity from un-
controlled HCV infection and serious toxicities,
including rejection, from interferon treatment. Howev-
er, in the DAA era, these fears about HCV-related kid-
ney injury may have less relevance.9 First, many donors
with HCV infection die from opioid overdose, are
generally young, and may only have HCV infection for a
short period. Second, because many of these donors are
young, the allografts may function well even if some
1462
have a degree of HCV injury. Lastly, the ability to
rapidly eradicate HCV with DAAs may limit viral injury
post-transplant.

The current study has limitations. Patients and do-
nors were carefully selected, and DAAs were started
promptly and provided at no cost to the patient. It is
possible that outcomes for contemporary recipients of
HCV-RNAþ kidneys will not enjoy the same favorable
outcomes, particularly if there is delay in starting the
DAAs (e.g., because of insurance approval for the
DAA) and/or if kidneys with more adverse attributes
are accepted. Second, the trials were relatively small.
Larger studies of long-term follow-up with comparators
may be needed to estimate allograft survival and rates
of rejection with precision. Third, neither center per-
formed protocol biopsies. It is possible that subclinical
rejection or HCV injury were not detected through
routine clinical surveillance.

In conclusion, this study provides important evi-
dence that HCV-RNAþ kidney transplants function
well beyond 1 year, and that complications such as
rejection and DSA did not occur at elevated rates.
Finally, eGFR trajectories and iBox scores provide
additional evidence that these transplants will continue
to function well into the future.
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