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Abstract
BACKGROUND
As Hepatitis C virus infection (HCV+) rates in kidney donors and transplant recipients

rise, direct-acting antivirals (DAA) may effect outcomes.

AIM
To analyze the effects of HCV+ in donors, recipients, or both, on deceased-donor (DD)

kidney transplantation (KT) outcomes, and the impact of DAAs on those effects.

METHODS

The Organ Procurement and Transplantation Network data of adult first solitary DD-KT
recipients 1994-2019 were allocated into four groups by donor and recipient HCV+ status.
We performed patient survival (PS) and death-censored graft survival (DCGS) pairwise
comparisons after propensity score matching to assess the effects of HCV+ in donors
and/or recipients, stratifying our study by DAA era to evaluate potential effect

modification.

RESULTS




Pre-DAA, for HCV+ recipients, receiving an HCV+ kidney was associated with 1.28-fold
higher mortality (HR 1151.28142) and 1.22-fold higher death-censored graft failure (HR
1.081.221 30) compared to receiving an HCV- kidney and the absolute risk difference was
3.3% (95%Cl, 1.8%-4.7%) for PSand 3.1% (95%CI, 1.2%-5%) for DCGS at 3 years. The HCV
dual-infection (donor plus recipient) group had worse PS (0.56-fold) and DCGS (0.71-
fold) than the dual-uninfected. Donor HCV+ derived worse post-transplant outcomes
than recipient HCV+ (PS 0.36-fold, DCGS 0.34-fold). In the DAA era, the risk associated
with HCV+ in donors and/or recipients was no longer statistically significant, except for

impaired PS in the dual-infected vs dual-uninfected (0.43-fold).

CONCLUSION
Prior to DAA introduction, donor HCV+ negatively influenced kidney transplant
outcomes in all recipients, while recipient infection only relatively impaired outcomes for

uninfected donors. These adverse effects disappeared with the introduction of DAA.
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Core Tip: In this paper, using data from across 25 years, we demonstrate that the adverse
effects of hepatitis C infection in donors and/ or recipients on kidney transplant outcomes

have disappeared since the introduction of direct-acting antiviral agents.

INTRODUCTION

By improving patients” quality of life and survival, kidney transplantation (KT) is the

optimal treatment for advanced kidney disease, even for Hepatitis C virus infected




(HCV+) dialysis patients!!2. HCV+ donor kidneys could alleviate transplant organ
shortagesl®l, and most kidney waitlist patients favor accepting an HCV+ kidney over
waiting longer for an uninfected (HCV-) kidney!4. Nonetheless, likely driven by concerns
over HCV transmission and transplant outcomes, HCV+ kidneys have traditionally been
discarded rather than transplanted into HCV- recipients(>l.

ince December 2013, direct-acting antivirals (DAA), including NS3/4A inhibitors
(boceprevir, telaprevir, simeprevir, asunaprevir, grazoprevir and paritaprevir), NS5A
inhibitors (ombitasvir, ledipasvir, daclatasvir, elbasvir and velpatasvir), NS5B inhibitors
(sofosbuvir and dasabuvir)l®l, have revolutionized HCV treatment by consistently
achieving 95% or better sustained virologic responses!?l. Before the introduction of DAAs,
a combination of interferon and ribavirin were the standard scheme for HCV treatment(®].
Concurrently, United States donors who died as a result of drug overdose, many of
whom were HCV+, increased from 66 to 1263 between 2000 and 2016. Notably, these
donors were young: median age of 31 yearsBl. HCV+ kidneys’ superior quality, the
increased prevalence of HCV+ in donors and recipients, and DAA treatments, have
contributed to soaring numbers of HCV+ donor and /or recipient transplants. In the DAA
era, because of the promise of HCV treatment, waitlisted transplant candidates were 2.2
times more likely willing to accept an HCV+ kidney and HCV + recipients were 1.95 times
more likely to receive an HCV+ kidney when compared to the pre-DAA eral.

Despite HCV antiviral advancements, the Organ Procurement and Transplantation
Network (OPTN) deceased donor (DD) kidneys allocation algorithm uses the Kidney
Donor Risk Index (KDRI), for which donor HCV+ status has the largest coefficient
amongst dichotomous factors in the calculatiggl®l. This outdated system overestimates
HCV+ kidneys' risk in the DAA era, depriving candidates of high-quality HCV+ kidneys
if they, or their accepting center, decline kidney offers based on KDRI thresholds, thus
coﬁributing to HCV+ kidneys” high discard rate.

We sought to understand the effect of HCV+ in donors and recipients on DD-KT
outcomes and discern whether those effects differed among various HCV+ donor and

recipient combinations. We hypothesized that donor HCV status could modify HCV




effect in recipients, recipient HCV status could modify HCV effect in donors, and those
modifications would change favorably following DAA availability. We used national
registry data with propensity score matching (PSM) to systematically characterize the

effect of HCV+ on KT outcomes both prior to and following the introduction of DA As.

MATERIALS AND METHODS

Data sources

We used the OPTN Analysis and Research file released in June 2019 based on data
collected through March 2019. The content in this paper is the responsibility of the
authors alone and does not necessarily reflect the views or policies of the Department of
Health and Human Services, nor does mention of trade names, commercial products, or

organizations imply endorsement by the United States Government.

Study population

We identified all adult (age > 18) first-time solitary KT recipients from ABO-compatible
DD between January 1994 and March 2019 in the United States Patients with missing or
uncertain HCV-antibody status in the donor or recipient were excluded. Patients were
allocated into four groups according to HCV+ in the donor (D+) or recipient (R+): D-R-,
D+R-, D-R+, and D+R+.

Outcome and exposure classification

The study outcomes were patient survival (PS) and death-censored graft survival (DCGS)
following KT. DCGS was defined as time to re-transplantation or dialysis reinstatement,
whichever came first. Recipient HCV status is reported but not necessarily confirmed or
assessed at transplant. HCV+ status was defined as HCV Ab+ or HCV nucleic acid test

(NAT) positive, while HCV- was defined as HCV Ab- without HCV NAT+.

PSM




We performed pairwise PS and DCGS comparisons after PSM to assess the effect of donor
and recipient HCV+ status on outcomes. Briefly, transplantation of HCV (+) or (-) donors
into HCV (-) recipients was used to assess the effect of HCV+ in naive recipients, as
compared to D+R+ vs D-R+ combinations to assess the effect of HCV donor status in HCV
infected recipients. D+R- vs D-R- patients addressed HCV donor infection effect in
uninfected recipients, while D+R+ vs D-R+ patients addressed the effect in HCV+
recipients. Similarly, D+R+ vs D+R- pairings were compared for the effect of recipient
HCV+ on HCV+ donor kidneys” outcomes, and D-R+ vs D-R- pairings were compared
for the effect in HCV- donor kidneys. Finally, D+R+ vs D-R- pairings addressed the effect
of HCV+ in both donors and recipients on outcomes, and D+R- vs D-R+ pairings
addressed whether HCV+ in donors or recipients alone was more detrimental.

Subject pairs were matched by the probability of positive HCV exposure based on a
multivariable logistic regression model with 40 potential predictors from the donor,
recipient, and transplant procedure. Supplementary Table 1 shows model variables and
missingness. Variables were chosen based on The Scientific Registry of Transplant
Recipients risk adjustment models('?. We used complete-case analysis for categorical
variables missing fewer than 1% of values and included a missing indicator in the initial
step for those missing more than 1%. For continuous variables, the missing values were
imputed with the median, and a missing indicator was also included for those missing
percentage > 1% (Supplementary Table 1). The potential outliers of continuous variables
were winsorized at 1 and 99 percentiles. By focusing on HCV exposure effect in a sample
of subjects that resembles the exposed subjects, we estimated the average treatment effect
in the treated. We used the nearest neighbor matching with 1:1 ratio, without
replacement, and with a caliper of width equal to 0.2 of the standard deviation (SD) of
the logit of the propensity score. We performed balance diagnosis comparing matched
groups’ characteristics. An SD greater than 0.1 was considered an imbalance sign, and
the propensity score prediction model was refitted ensuring matched groups’ balance
(Supplementary Table 1). We further stratified our study by DAA era (before or after

December 2013) to evaluate potential effect modification.




Statistical analysis

Survival rates were presented in Kaplan-Meier curves and analyzed by log-rank tests.
Time to outcome was defined as the interval from date-of-transplant to date-of-outcome
(death or graft failure) and censored for loss to follow-up or end of study period. Absolute
and relative risk differences in mortality and death-censored graft failure (DCGF) were
estimated using Austin’s methods[!ll. All analyses were performed using RStudio
software, version 1.1.456 (R. RStudio, Inc., Boston, MA). A P-value of less than 0.05
identified statistical significance, and all confidence intervals used a 95% threshold.
RESULTS

Changing characteristics of KT relative to HCV in donors and recipients

We identified 166,160 D-R-, 6,251 D-R+, 3,854 D+R+, and 1,672 D+R- pairings during the
study (Figure 1). D+R+ transplants increased at a similar rate to D-R- transplants in the
pre-DAA era, while D+R- and D-R+ transplants remained stable for two decades.
However, HCV+ kidney utilization surged in the DAA era, initially with the traditional
operating paradigm (D+ to R+), which peaked in 2016 and soon shifted to more robust
HCV+ kidneys utilization (D+ to R-) (Figure 2).

Tables 1-3 and Supple tary Table 2 and 3 detail all cohorts” donor, recipient, and
transplant characteristics. The D+R- donors pre-DAA were predominantly male, white
or African American, with low body mass index, who succumbed to head trauma, with
relatively low serum creatinine, and low rates of donation after circulatoa death (DCD),
diabetes, and hypertension (Supplementary Table 2A). E contrast, D+R- recipients
tended to be older (57 [IQR, 47, 65]) and had less dialysis time. Thirty-seven percent of
D+R- and 38% of D+R+ were shared nationally, and D+R- had the longest cold ischemia
time (CIT) at 20 h [IQR, 16.0, 26.0]. D+R- and D+R+ cohorts had higher HLA mismatch
than D-R- and D-R+. However, the incidence of delayed graft function (DGF) in D+R-
was 25.3%, lower than_in the D-R+ or D+R+ cohorts and similar to the D-R- cohort

(Supplementary Table 2C).




In the DAA era, HCV+ donors were younger than HCV- donors, with lower rates of
diabetes and hypertension. D+R- donors were predominantly white (85.2%) and died
primarily of anoxic brain injury (72%) (Supplementary Table 3A). D+R- recipients tended
to be white (45.7%), highly educated (30.6% with post high school degree), and less likely

have hypertension as the etiology of renal failure (Supplementary Table 3B). Similar to
the pre-DAA transplants, D+R- transplants had the lowest rate of DGF (20.5%) despite
the longest CIT (18.4[IQR, 13.1, 23.8]) (Supplementary Table 3C).

The association betwgen donor HCV+ and transplant outcome in the Pre-DAA era

Prior to the DAA era, D-R- patients had the best crude nd DCGS, while D+R- patients
had the worst crude PS and DCGS (Figure 3A and B). The crude 3-year PS was 89.6%,
73.1%, 86.7% and 84.8% for D-R-, D+R-, D-R+ and D+R+, respectively. The crude 3-year
DCGS was 88.8%, 80.1%, 84.2% and 82% for D-R-, D+R-, D-R+ and D+R+, respectively
(Table 4).

After matching, 1272 pairs of HCV+ and 528 pairs of HCV- recipients were generated.
Among the HCV+ recipients, receiving an HCV+ DD kidney wag associated with 1.28-
fold higher mortality (HR 1151.28142) and 1.22-fold higher DCGF (HR 1_031.2?ﬁ9)
compared to receiving an HCV- kidney over the observed period (Figure 4A). The
absolute risk difference (aRD) was 3.3% (95%CI, 1.8%, 4.7%) for PS and 3.1% (95%CI,
1.2%, 5%) for DCGS at 3 years (Table 4).

Among HCV- recipients, receiving an HCV+ kidney was associated with 1.55-fold
higher mortality (HR 1331.55180).and 1.64-fold higher DCGF (HR 1331.64202) compared to
an HCV- kidney (Figure 4A). The aRD was 8% (95%CI, 5.2%, 10.9%) for PS and 7.4%
(95%CI, 4.3%, 10.5%) for DCGS at 3 years (Table 4).

e association between donor HCV+ and transplant outcome in the DAA era
In the DAA era, comparable crude PS and DCGS were observed among all four cohorts
(Figure 3C and D). The crude 3-year PS were 91%, 86.1%, 88.1% and 89.8% for D-R-, D+R-
, D-R+ and D+R+, respectively. The crude 3-year DCGS were 92.5%, 92.6%, 92.4% and




94.2% for D-R-, D+R-, D-R+ and D+R+, respectively (Table 4). After matching, there were
290 pairs of HCV+ and 791 pairs of HCV- recipients. In contrast with pre-DAA era risks,
the risks for PS and DCGS associated with receiving an HCV+ kidney in either HCV+ or
HCV- recipients were not statistically significantly different in the DAA era (Figure 4B).

The association between recipient HCV+ and transplant outcome
Pre-DAA, HCV+ in recipients of HCV- donor kidneys corelated with significant declines
in both crude PS and DCGS. However, HCV+ in recipients of HCV+ donors
demonstrated arelative protective effect on mortality by 22% (D+R-vs D+R+, adjusted P
< 0.001 for log-Rank test, HR090.78057), despite the DCGS remaining comparable
between two groups (D+R- vs D+R+, adjusted P = 0.988 for log-Rank test) (Figure 3A and
B)
fter matching, we generated 461 pairs of HCV+ and 4646 pairs of HCV- DD. HCV+
in recipients of HCV- donor kidneys was associated wjth 1.25-fold higher mortality (HR
1181.251 33) and 1.31-fold higher DCGF (HR 1.221.311.41). The aRD between D-R- and D-R+
was 2.6% (95%CIL, 1.9%,&2%) for PS and 3.5% (95%ClI, 2.6%, 4.4%) for DCGS at 3 years
(Table 4). In contrast, HCV+ and HCV- recipients of HCV+ donors demonstrated
comparable outcomes (HR oss11.18 for mortality, 0s71.011.31 for DCGS) (Figure 4A).

In the DAA era, we generated 508 pairs of HCV+ and 1440 pairs of HCV- recipients

after matching. The risk associated with recipient's HCV+ when receiving either HCV+

or HCV- kidneys was not statistically significantly different in PS or DCGS (Figure 4B).

e association between donor plus recipient HCV+ and post-transplant outcome
Pre-DAA, HCV+ in the donor and recipient significantly impaired both PS and DCGS (D-
R-wvs D+R+, adjusted P <0.001 for log-Rank test) (Figure 3A and B). There were 2150 pairs
of D-R- and D+R+ transplants after matching. HCV+ in donor and recipient was
associated with 1.56-fold higher mortality 1.431.5617) and 1.71-fold higher DCGF (HR
1541.7119) compared to the D-R- transplants. The aRD between D-R- and D+R+ were 5.3%




(95%Cl, 4.3%, 6.4%) for PS and 7.1% (95%Cl, 5.7 %, 8.5%) for DCGS at 3 years (Figure 4A,
Table 4).

In the DAA era, 803 pairs of D-R- and D+R+ transplants were generated after matching.
HCV+ in donor and recipient marginally significantly increased the mortality (P = 0.
for log-rank test). The cox proportional hazard model showed a mortality increase by
1.43-fold (HR 1.01.432014) as compared to the D-R- transplants, with an aRD of 3.3% (95%ClI,
0, 6.7%) at 3 years. The 3-year PS were 91.8% and 88.4% for D-R- and D+R+ recipients,
respectively. HCV+ in donor and recipient did not statistically significantly affect DCGS
(Figure 4B, Table 4).
The association between donor or recipient HCV+ and post-transplant outcome
In the pre-DAA era, HCV+ in the donor had more impact on patient survival than did
infection in the recipient (D+R- vs D-R+, adjusted P < 0.001 for log-Rank test,
HR1.491.69183) (Figure 3A and B). After matching, there were 444 pairs of D+R- and D-R+
transplants. Donor HCV+ was associated with 1.36-fold higher mortality (HR 1161.36161)
and 1.34-fold higher DCGF (HR 1.081.341.¢7) than recipient HCV+. The aRD between D+R-
and D-R+ were 5.4% (95%CI, 2.6%, 8.6%) for PS and 4.8% (95%CI, 1.4%, 8.2%) for DCGS
at 3 years (Figure 4A, Table 4).

In the DA A era, 253 pairs of D-R+ and D+R- transplants were identified after matching,
with both PS (HRo21.282587) and DCGS (HRoss1.73401) in the matched cohorts being

comparable (Figure 4B, Table 4).

DISCUSSION

In our national study of 177937 DD KT across 25 years, we found a marked increase j
HCV+ kidney utilization after DAA availability, initially with KTs of HCV+ kidneys to
HCV+ recipients in 2014, followed by a dramatic shift towards transplants into HCV-
recipients. This shift in 2016 Likely reflects knowledge around the safety of HCV
transplants with concurrent use of DAA. Pre-DAA D+R- recipients, despite generally

being older, with less dialysis time and higher malignancy prevalence, received younger




donors’ kidneys. Interestingly, in the DAA era, recipients” education level was highest in
the D+R- cohort, suggesting superior health literacy potentially facilitating informed
consent apd appreciation of DAA effects in decreasing HCV+ kidney risksl'2. DGF was
reduced in D+R- transplants, despite the longest CIT and higher HLA mismatch
compared with other cohorts in both the pre- and post-DAA eras, which could be the
result of lower DCD rates and other unmeasured donor factors. In the pre DAA-era,
HCV+ in either the donor or recipient of HCV- kidneys was associated with poorer PS
and DCGS, but donor HCV+ _status impacted PS and DCGS moreso than did recipient
HCV+ status. Additionally, donor plus recipient HCV+ (D+R+ vs D-R-) and donor
infection in HCV- recipients (D+R- vs D-R-) displayed the largest absolute increase in
mortality and DCGF. Importantly, the risks on PS and DCGS associated with HCV+ in
donors and/or recipients were no longer statistically significant after the widespread
adoption of DAA in 2015, except for a marginally significantly impaired PS in D+R+ vs
D-R-, which possessed the largest risk difference in the pre-DAA era.

The presumed risks of viral transmission in HCV+ transplants made these transplants
scarce in the pre-DAA era (< 50 annually D+R-)[1>17], DAAs encouraged broader
acceptance of HCV+ candidates and more aggressive utilization of HCV+ kidneys. Two
pilot trials in 2017 and 2018 of HCV+ kidney transplants into HCV- recipients found that,
despite inevitable HCV transmission, subsequent DAA therapy provided HCV cureina
cost-effective approach that also resulted in well-functioning allografts[!314. Similarly,
our observational study shows equivalent outcomes between D+R- and D-R- cohorts in
the DAA era.

Many studies evaluated the effect of donor HCV+ on KT outcomes prior to the
introduction of DAA[M], with HCV+ KT improving survival among all patients when
compared to staying waitlisted and not receiving a kidneyl2. A single-center analysis
summarizing 1990-2007 data compared long-term D+R+ outcomes to D-R+, showing that
HCV+ donor status in HCV+ recipients did not significantly influence mortality,_eraft
failure, or liver diseasel'el. However, 1995-2008 national registry data showed D+R+

patients had a 2.6-fold higher hazard of joining the liver wait-list (P < 0.001). Nonetheless,




the absolute risk difference in subsequently listing for liver transplant was < 2% hetween
recipients of HCV+ and HCV- kidneysl!7]. A recent study using 2005-2017 data reported
that among HCV+ recipients, receiving an HCV+ kidney Ws associated with 19% higher
mortality (@HR, 1071.19132), an effect that disappeared in the DAA eral5l. Our study
evaluated the HCV effect of donor separately in HCV+ recipients and HCV- recipients
and found similar trends of donor HCV associated PS and DCGS impairment in both
recipients groups. with both mortality and DCGF absolute risk differences being larger
in HCV- than HCV+ recipients (Table 4).

Two meta-analyses have evaluated the_effect of recipient HCV+ status on KT
outcomesl'®19, finding HCV+ correlated with increased mortality (aHR: 1.491.85231,

1.69197) and graft failure (aHR: 1.461.762.11, 1.221.562.00). However, neither distinguished
donor HCV status. Our study found that the effect of recipients’ HCV+ status was
dramatically modified by the donor’s HCV status—recipient's HCV+ only impaired
transplant outcomes when receiving an HCV-, but not HCV+, kidney. This finding
parallels our previous study analyzing outcomes of transplanting the same donor’s pair
ofﬁidneys to one HCV+ and to one HCV- recipient/20],

There are several limitations to our study. First, most D+R- patients received
transplants in the DAA era with relatively short follow up. Dividing the datgget into pre-
and DAA eras resulted in smaller sample sizes. Second, PSM use to eliminate
confounders between comparator groups could be biased by unmeasured potential
confounders, including HCV genotype, viral load, infection duration and severity, graft
rejection, and immunosuppression iﬁtensity, none of which is found in the used registry
data. Third, we lack viremia data— while most viremic patients are antibody positive, a
small portion of antibody positive patients are aviremic. We defined HCV+ by antibody
status prior to 2015, and by antibody and NAT results since 2015. Antibody positive
aviremic donors or recipients were included as HCV+ in both eras’ analyses, and a
miniscule fraction of viremic patients who are antibody negative would have been
inclu in the HCV- cohort in the pre-DAA analysis. Including these patients would

yield worse outcomes in the uninfected population, underestimating the difference




observed between infegted and uninfected groups. Fourth, the registry data does not
verify DAA treatment. Fifth, we used a pair matching method to estimate the “average
treatment effect in the treated.” Some exposed subjects were excluded from the matched
sample because of no available unexposed subjects within the specified caliper distance
of the exposed subjects. There might be potential bias generated when unmatched
exposed subjects differ systematically from the matched exposed subjects/?!l. Other
statistical methods, including full matching or inverse probability weighting, with the
aim to include all the samples in both groups in comparison could also result in biased
estimation due to increased heterogenicity within each group. Lastly, we used single
imputation for variables with missingness over 1 percent. Limited impact was found on
the magnitude of the hazard ratio or the significance of the findings of DCGS and patient

survival, with multiple imputation method.

CONCLUSION

In conclusion, although HCV+ in either KT donors or recipients negatively impacted PS
and DCGS pre-DAA, neither donor nor recipient HCV+ appears to portend worse
outcomes in the DAA era, supporting increased utilization of HCV+ kidneys as the
standard of care. Given comparable outcomes across all four patient cohorts in the DAA
era, a new allocation algorithm, eliminating HCV+ kidneys’ negative influence on the
KDR]I, is urgently needed to improve utilization and allocation of this under-utilized

resource.

ARTICLE HIGHLIGHTS

Research background

While Hepatitis C virus infection (HCV+) kidneys have traditionally been discarded
rather than transplanted into HCV- recipients, the introduction of direct-acting antivirals
(DAAs) in 2013 revolutionized HCV treatment by consistently achieving sustained

virologic responses, opening the door for transplantation of HCV+ organs.




Research motivation
As HCV+ rates in kidney donors and transplant recipients rise, the introduction of DAA

may effect transplant outcomes.

Research objectives
To analyze the effects of HCV+ in donors, recipients, or both, on deceased-donor (DD)

kidney transplantation (KT) outcomes, and the impact of DA As on those effects.

Research methods

e Organ Procurement and Transplantation Network data of adult first solitary DD-KT
recipients 1994-2019 were allocated into four groups by donor and recipient HCV+ status.
We performed patient survival (PS) and death-censored graft survival (DCGS) pairwise
comparisons after propensity Sﬁre matching to assess the effects of HCV+ in donors
and/or recipients, stratifying our study by DAA era to evaluate potential effect

modification.

Research resu

Pre-DAA, for HCV+ recipients, receiving an HCV+ kidney was associated with 1.28-fold
higher mortality (HR 1151.28142) and 1.22-fold higher th-censored graft failure (HR
1.081.22139) compared to receiving an HCV- kidney and the absolute risk difference was
&3% (95%CI, 1.8%-4.7%) for PS and 3.1% (95%CI,1.2%-5%) for DCGS at 3 years. The HCV
dual-infection (donor plus recipient) group had worse PS (0.56-fold) and DCGS (0.71-
fold) than the dual-uninfected. Donor HCV+ derived worse post—trﬂsplant outcomes
than recipient HCV+ (PS 0.36-fold, DCGS 0.34-fold). In the DAA era, the risk associated
with HCV+ in donors and/ or recipients was no longer statistically significant, except for

impaired PS in the dual-infected vs dual-uninfected (0.43-fold).

Research conclusions




Prior to DAA introduction, donor HCV+ negatively influenced kidney transplant

outcomes in all recipients, while recipient infection only relatively impaired outcomes for

uninfected donors. These adverse effects disappeared with the introduction of DAA.

Research perspectives
Given comparable outcomes across all four patient cohorts in the DAA era, a new
allocation algorithm, eliminating HCV+ kidneys’ negative influence on the KDRI, is

urgently needed to improve utilization and allocation of this under-utilized resource.
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