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ABSTRACT

Background. The Kidney Donor Risk Index (KDRI)/Kidney Donor Profile Index (KDPI) is relied upon for donor organ allocation in the
USA, based on its association with graft failure in time-to-event models. However, the KDRI/KDPI has not been extensively
evaluated in terms of predictive metrics for graft failure and allograft estimated glomerular filtration rate (€GFR) outside of the USA.

Methods. We performed a retrospective analysis of outcomes in the Irish National Kidney Transplant Service Registry for
the years 2006-13. Associations of the KDRI/KDPI score with eGFR at various time points over the follow-up and ultimate
graft failure were modelled.

Results. A total of 772 patients had complete data regarding KDRI/KDPI calculation and 148 of these allografts failed over the
follow-up. The median and 25-75th centile for KDRI/KDPI was 51 (26-75). On repeated-measures analysis with linear mixed
effects models, the KDRI/KDPI (fixed effect covariate) associated with eGFR over 5years: eGFR = —0.25 (standard error 0.02;

P <0.001). The variability in eGFR mathematically accounted for by the KDRI/KDPI score was only 21%. The KDRI/KDPI score
did not add significantly to graft failure prediction above donor age alone (categorized as > and <50years of age) when
assessed by the categorical net reclassification index.

Conclusions. In this cohort, while the KDRI/KDPI was predictive of eGFR over the follow-up, it did not provide additive
discrimination above donor age alone in terms of graft failure prediction. Therefore it is unlikely to help inform decisions
regarding kidney organ allocation in Ireland.
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INTRODUCTION

The Kidney Donor Risk Index (KDRI)/Kidney Donor Profile Index
(KDPI), derived from donor characteristics, was developed in the
USA in an effort to devise an objective means of assessing donor
organ suitability based on predicted graft survival [1]. The asso-
ciation of the KDRI with graft failure is founded on Cox propor-
tional hazards models of 70 000 donors in the USA from 1995 to
2005 [2], and use of this score has influenced kidney organ allo-
cation in the USA [3, 4]. Although the KDRI/KDPI score is associ-
ated with graft failure, it has not been evaluated extensively in
terms of prediction metrics for kidney transplant outcomes out-
side the USA, where KDRI profiles and distributions may differ
[5]. Recently, other investigators have attempted to assess the
scoring system in European cohorts in comparison with the
USA. This single-centre study found an association between the
KDPI score and graft failure; however, the absolute risk of graft
failure was higher in the USA [6].

High KDRI/KDPI donor kidneys may be considered by some
to be unsuitable for transplantation and discarded [4, 7], yet
many of these kidneys may not be destined to fail solely on the
basis of the donor factors as summarized by the KDRI/KDPI
score [4, 8]. Another recent single-centre study assessing the
KDRI/KDPI score in a European cohort found favourable out-
comes in kidney organs with a high KDPI score [9]. This points
towards variable discrimination and calibration in cohorts dis-
similar from the validation cohort. We examined whether the
KDRI/KDPI provides additive discrimination for graft failure be-
yond donor age in isolation in the Irish National Kidney
Transplant Programme. Lastly, since estimated glomerular fil-
tration rate (eGFR) is the most common assessment of allograft
function in clinical practice, we considered whether the KDRI/
KDPI predicts eGFR over long-term follow-up.

MATERIALS AND METHODS

This was a retrospective analysis of the Irish National Renal
Transplant database to assess eGFR and graft outcomes over
long-term follow-up in deceased donor kidney transplants for
the years 2006-13. Component variables of the KDRI score in-
clude age, height, weight, ethnicity/race and history of hyper-
tension or diabetes, serum creatinine, hepatitis C virus status,
cause of donor death and whether the donor met criteria for cir-
culatory death. Complete variables necessary to calculate the
composite KDRI/KDPI/KDRI were available for a subset of this
database (N=772).

We examined associations of the KDRI/KDPI/KDRI score with
graft failure and eGFR at various time points over the follow-up.
These associations were assessed using linear regression, time-
to-event models and repeated-measures linear mixed effects
models, respectively.

We used generalized linear mixed effects models, allowing
intercept, slope and time to vary randomly to investigate the
within- and between-subject variation in eGFR on repeated test-
ing considering KDRI/KDPI as a fixed effect. Metrics of predictive
performance of the KDRI/KDPI for allograft failure were
assessed separately with net reclassification indices (NRIs)
based on two different thresholds of the KDRI/KDPI score (with
KDRI/KDPI as a categorical variable) [10, 11]; >35 and >85 com-
pared with donor age as a reference (< or >50years). Donor age
was divided into age > and <50years. We chose >85 as an
established high-risk threshold [7, 12]. R statistical software (R
Project for Statistical Computing, Vienna, Austria), STATA ver-
sion 13.1 (StataCorp, College Station, TX, USA) and SAS
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FIGURE 1: eGFR over 5 years follow-up by quartile of the KDRI/KDPI score in de-
ceased donor renal transplants (N =772).
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FIGURE 2: Death-censored graft survival by KDRI/KDPI score quartile in deceased
donor transplants in Ireland.

University Edition (SAS Institute, Cary, NC, USA) were used for
data analysis and graph creation. Figure 1 was generated using
SAS University Edition. eGFR was estimated by the Chronic
Kidney Disease Epidemiology Collaboration equation. In
Ireland, all donors included in the analysis were hepatitis C neg-
ative. Research ethics committee approval was obtained for this
study and all research methodology complied with the
Declaration of Helsinki.

RESULTS

The median and 25-75th centile of the KDRI/KDPI was 51 (26-75)
and that of the KDRI was 1.10 (0.90-1.3). Death censored time to
graft failure was associated with the KDRI/KDPI score (Figure 2
and Table 1).

KDRI/KDPI association with eGFR cross-sectionally at
each time point

The KDPI/KDRI had a negative linear relationship with eGFR
when assessed cross-sectionally at each single time point of the
follow-up.
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Table 1. Allograft survival and deceased donor characteristics by KDRI/KDPI quartile

Graft survival by quartile of KDRI/KDPI and KDRI scores scaled to the median.

Kidney graft survival

KDRI/KDPI KDRI lyear (%) 2years (%) 3years (%) Syears (%)
1-25% 0.591-0.825 98.64 97.69 97.14 92.55
26-50% 0.825-1.00 98.63 97.65 96.02 93.07
51-75% 1.003-1.182 96.35 93.47 90.77 84.91
76-100% 1.183-1.962 92.24 89.31 88.72 81.39

Patient characteristics

Donor characteristics KDRI/KDPI Q1, KDRI/KDPI Q2, KDRI/KDPI Q3, KDRI/KDPI Q4, P-value
n (%) n (%) n (%) n (%)
Age <18years 24 (11) 11(5) 0(0) 0(0) <0.001
18-50 years 196 (89) 196 (90) 104 (47) 22 (10)
>50years 0(0) 12 (5) 115 (53) 197 (90)
Height <170 cm 42 (19) 81(37) 96 (44) 139 (63) <0.001
Weight <80 kg 115 (52) 132 (60) 120 (55) 142 (65) 0.036
History of hypertension 1(.5) 9(4) 44 (20) 89 (41) <0.001
History of diabetes 0(0) 6(3) 2(1) 23 (11) <0.001
Cause of death (cerebrovascular accident) 2(1) 7(3) 7(3) 23(11) <0.001
Serum creatinine >1.5 mg/dL 9(4) 6(3) 14 (6) 22 (10) 0.007
Hepatitis C virus status
Donation after circulatory death status 0(0) 4(2) 5(2) 5(2) 0.094

Table 2. Discrimination metrics for graft failure for two arbitrary thresholds of the KDRI/KDPI restricted to those with at least 5 years of follow-

up [N =701, of which 148 were graft failures (21%)]

Threshold Accuracy (25th-75th centiles) ~ Cstatistic ~ Sensitivity =~ Specificity = PPV~ NPV Odds ratio (25th-75th centiles)
KDRI/KDPI > 35 0.44 (0.40-0.48) 0.56 0.35 0.76 0.85 0.24 1.77 (1.17-2.69)
KDRI/KDPI >85 0.74 (0.71-0.78) 0.56 0.87 0.26 0.82 035 2.43 (1.56-3.78)

NPV, negative predictive value; PPV, positive predictive value.

Linear regression. The recipient age-adjusted KDRI (scaled) was
associated (adjusted R?) with an eGFR at 1month (0.14), at
3months (0.20), at 1 year (0.15), at 2 years (0.16), at 3 years
(0.14), at 4 years (0.15) and 5 years (0.15), with all P-values
<0.001.

eGFR by KDRI quartile at 1 and 5years

At Year 1 post-transplant. eGFRs (25th-75th centiles) by quartile
of the KDRI were 69.2 (57.6-82.5) mL/min/1.73m? (n=172) in
Quartile 1, 59.4 (50.2-74.5) (n=171) in Quartile 2, 51.9 (42.2-62.2)
(n=176) in Quartile 3 and 48.3 (38.5-58.5) (n=162) in Quartile 4
(P <0.001 for comparisons).

At Year 5 post-transplant. eGFRs (25th-75th centiles) by quartile
of the KDRI were 74.5 (60.5-88.2) mL/min/1.73 m? in Quartile 1
(n=110), 64.6 (51.7-83.2) (n=104) in Quartile 2, 48.8 (34.4-61.6)
(n=85) in Quartile 3 and 43.6 (37.5-58.1) (n=69) in Quartile 4
(P <0.001 for comparisons).

Linear mixed effects models

We modelled eGFR over seven repeated measurements at 1
month, 3months and Years 1-5 post-transplant. The KDRI/KDPI
(fixed effect covariate) associated inversely with eGFR >5 years

of follow-up (see Figure 1): estimate —0.26 (standard error 0.02;
P <0.001). The variability in eGFR mathematically explained by
the KDRI/KDPI alone was 23.4% after adjusting for recipient age
(time-varying covariate).

Cross-tabulation (confusion) matrix

The predictive metrics associated with two arbitrary thresholds
for KDRI/KDPI are displayed in Table 2. The accuracy for graft
failure improves with higher KDRI/KDPI scores, although sensi-
tivity increases with higher KDRI/KDPI thresholds, specificity
decreases (see Table 2).

Categorical NRI

In this model, we consider a hypothetical scenario whereby
graft failure as predicted by donor age alone is used as the ref-
erence for comparison of the predictive abilities of two thresh-
olds of KDRI/KDPI, >35 and >85. The donor age category
comprised of donor age > and <50years was the reference
comparison.

¢ The >35 KDRI/KDPI threshold versus donor age (>50 years)
at the cut-off risk thresholds of 0.1, 0.2, 0.3 and 0.4: NRI —0.06
[95% confidence interval (CI)—0.14-0.03), P for trend = 0.20.
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¢ The >85 KDRI/KDPI threshold versus donor age (>50 years)
at the cut-off risk thresholds of 0.1, 0.2, 0.3 and 0.4: NRI 0.10
(95% CI —0.02-0.23), P for trend = 0.07.

Comparison of KDRI/KDPI with donor age alone in
predicting outcomes

Graft survival (death-censored graft survival). In this cohort,
KDRI was also associated with time to graft failure [hazard ratio
(HR) 1.47 (95% CI 1.29-1.69), P < 0.001 per unit increase in KDRI
(in quartiles)]. Harrell’s C statistic measuring concordance of in-
dividual predicted HRs with outcome was 0.62 (moderate pre-
dictive result). For donor age alone (by quartile) [HR 1.47 (95% CI
1.28-1.68), P < 0.001], Harrell’s C concordance was also 0.62 for
the donor age quartile. There was no significant difference be-
tween the two Harrell’s C statistics for KDRI quartile and donor
age quartile for graft failure, suggesting that donor age alone
may have similar performance to KDRI/KDPI score.

DISCUSSION

Although the KDRI/KDPI associated with graft failure in this
study, a high KDRI/KDPI was not synonymous with graft failure,
a finding also reported in other studies [13, 14]. In our cohort, the
KDRI/KDPI did not appear to add significantly to discrimination
for graft failure above donor age alone based on a cut-off of > or
<50years of age in an NRI-based analysis. As a result, the KDRI/
KDPI is not likely to be reliable in isolation to predict graft failure
or to decide on discarding donor organs in Ireland. This parallels
our findings on histological features of pre-implant kidney biop-
sies [15].

A study from The Netherlands assessed the discrimination of
KDRI for graft failure and also found it to be poor [16]. This study
found that adding variables such as inotrope use prior to dona-
tion and an interaction term between circulatory death and pro-
longed cold ischaemia time improved this discrimination [16].
Other groups have assessed the predictive ability of the KDRI/
KDPI and suggested poor performance in a paediatric population
[17]. Another recent study assessing the KDRI/KDPI in a
European cohort also found favourable outcomes in kidneys
from donors with high KDRI/KDPI scores [9].

Clinical prediction models ought to be assessed on both dis-
crimination and calibration [18]. Discrimination refers to the
ability of the model to differentiate those at higher risk of the
outcome from those who are not, whereas calibration is the
ability of the model to estimate the absolute risk of the out-
come, in this case graft failure [18]. Suboptimal external validity
can result in models struggling to maintain calibration across
diverse populations, since their ability to estimate the absolute
risk of the outcome may vary across different populations.

To this end, KDRI/KDPI scores are known to vary across dif-
ferent transplant programmes. The median score in our sample
was 1.10, which appears lower than that of the USA (1.24 in
2012) [16]. The absolute risk of graft failure, the outcome of in-
terest in this study, is also known to vary across different trans-
plant programmes and rates in Ireland are lower than in the
USA. Discrimination for any predictive model may vary across
cohorts, particularly if the constituent variables of the model
also vary as they do across transplant programmes, such as do-
nor hepatitis C status and the frequency of donors with circula-
tory death, among others factors.

The KDRI/KDPI may have positively affected some kidney
transplant programmes. A study from Belgium looking at the im-
plementation of the KDRI/KDPI score actually noticed an increase

in transplant rates by 26% between 2015 and 2016 as a result of a
lower discard rate [1]. Prior to implementation, the median KDRI
at this centre was 0.85 and increased to 0.97 after KDRI/KDPI in-
corporation, suggesting an increased use of donor kidneys previ-
ously judged as inappropriate for use [1]. This highlights the fact
that transplant programmes are heterogeneous in terms of both
the KDRI/KDPI profile of donors and the absolute risk of graft fail-
ure. Therefore the performance of the KDRI/KDPI may be
expected to vary across different programmes and thus calibra-
tion of the model may be difficult to maintain.

Our findings in relation to the association of the KDRI/KDPI
score and eGFR align with those of Gandolfini et al. [19]. If the
KDRI/KDPI can be considered a composite of all donor factors,
then its association with graft failure in this retrospective co-
hort study would make it seem that non-donor factors may
have been more influential. In addition, although the KDRI/KDPI
as a composite of donor factors did associate with eGFR, per-
haps non-donor factors predominated since the KDRI/KDPI
accounted for only 21% of the eGFR variability over time in lin-
ear mixed effects models. These factors might include recipient
factors, immunosuppression protocols as well as recipient com-
pliance and which may be more amenable than donor factors to
modification. Whether the KDRI/KDPI can be used to identify
those recipients of deceased donor kidney transplants with an
eGFR lower than expected by donor factors has not been
evaluated.

Limitations of the study include its retrospective design. In
addition, the protocols used in Ireland likely differ from those in
the USA in terms of the typical immunological risk profile of
recipients, which may result in lower graft failure in this con-
text. In Ireland, efforts are made to provide older recipients with
donor kidneys of a similar age, which may be expected to have
high KDRI/KDPI scores. Without a randomized controlled trial, it
is difficult to discern the isolated effect on patient and graft out-
comes of transplanting a kidney with a high KDRI/KDPI score
versus one with a lower KDRI/KDPI score.

Although the KDRI/KDPI was associated with graft failure in
this cohort, discrimination for graft failure was poor, which
most likely relates to differences in donor profile and graft fail-
ure rates between Ireland and the USA, where the score was de-
rived. Given its predictive performance in this cohort, the
suitability of the KDRI/KDPI in isolation for decisions regarding
organ allocation and discarding in Ireland is questionable and
thus it has not been adopted into clinical practice.
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