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1. eMETHODS 
 

1.1. Interpretation of statistical analyses 
 

1.1.1. Discrimination 
 

The aim of discrimination is to distinguish between patients who experience an event from those who do not. The 

AUC (0≤C≤1) is the probability of concordance between predicted and observed events, with AUC=0.5 for random 

predictions and AUC=1 for a perfectly discriminating model. 

 
 

1.1.2. Calibration 
 

Calibration refers to the ability to provide unbiased predictions in groups of similar patients. It estimates how close 

the estimated risk is to the observed risk. A prediction model is considered “well-calibrated” if the difference between 

predictions and observations in all groups of similar patients is close to 0 (perfect calibration). Any large deviation 

(P<0.1) indicates a lack of calibration. 

 
 

1.1.3. Monte-Carlo technique 
 

Acceptance practices were simulated for each kidney separately (not at the donor level). For each kidney k of a given 

deceased donor d from one of our 2 countries, the following procedures were performed: (i) a uniform 0-to-1 random 

number Udk was generated; and (ii) its probability Pdk of being discarded was computed from the other-country logistic 

regression model according to the actual KDRI Kd of the donor, and the kidney k was virtually discarded if and only 

if Udk ≤ Pdk. 

 
 
 

1.2. Calculation of the Kidney Donor Risk Index (KDRI) and the Kidney Donor Profile Index (KDPI) 
 
 

The KDRI and KDPI are scores derived from 10 deceased donor variables and predict risk of kidney allograft failure 

after transplantation. Lower values for the KDRI and KDPI indicate kidneys with better projected allograft survival. 

These indices were developed for the purpose of enabling clinicians to try to make rough assessments of allograft 

quality and graft failure risk across donors with different attributes.(1) A guidance document from the United Network 

for Organ Sharing states “The Kidney Donor Profile Index (KDPI) is a numerical measure that combines ten  donor 
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factors, including clinical parameters and demographics, to summarize into a single number the quality of deceased 

donor kidneys relative to other recovered kidneys.” (2) 

The KDRI score for any kidney allograft estimates the risk of failure for that allograft compared to a kidney from a 

reference donor. This reference donor is defined as 40 years old, non-African-American, 170 cm tall, weighing 80 kg, 

with a creatinine level of 1 mg/dL, as well as negative history of hypertension, diabetes and hepatitis C virus serostatus. 

Notably, race/ethnicity for organ donors is not available according to French national bioethics rules. As a result, as 

we entered “non-black” as the race for all French donors when calculating KDRI. This approach to calculating the 

KDRI of the French pool of donated kidneys will have the net effect of slightly over-estimating the quality of these 

organs. Nonetheless, as shown in the results, French transplant centers are still much more likely to accept kidneys 

with the highest KDRI scores (i.e. lowest quality kidneys) compared to US centers. 

By convention, we mapped the calculated KDRI values onto a cumulative percentage scale from 0-100 to generate 

the KDPI. Because our analysis focused on kidneys recovered from 2004 to 2014, as recommended by the OPTN, the 

2015 scaling factor for converting “KDRI Rao” to the KDRI median was used. Lower values for the KDRI indicate 

kidneys with better projected allograft survival. The KDRI and KDPI are not formally used in kidney allocation in 

France, but donor characteristics used to calculate the scores (with the exception of donor race) are presented to 

transplant centers with organ offers. 

1.3. Systematic literature review supporting the study novelty 

We conducted a comprehensive search of PubMed Plus and EBSCO MegaFILE using the keywords “kidney 

transplantation” and “discard” for all articles published from October 2008 to March 2018. Search: ((("kidney 

transplantation") AND discard) AND ("2008/10"[Date - Publication]: "3000"[Date - Publication])). Two investigators 

independently reviewed the results and eliminated four irrelevant publications, leaving 104 publications. We 

concluded that similar deceased donor characteristics – such as older age or acute kidney injury – elevate the risk of 

deceased donor kidney discard in transplant systems across multiple countries. Finally, the systematic review revealed 

that no studies systematically assessed kidney discard rates between different countries and their impact in term of 

gain or loss of opportunities for waitlisted patients. No study has used computer simulation algorithms to address the 

possibility of virtually applying a European Union-based approach of kidney allocation and acceptance to the US 

transplant system. 
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2. SUPPLEMENTARY TABLES

eTable 1A, 1B, 2A and 2B: Estimation of the number of donated kidneys that would be discarded in the US 

and in France using prediction models integrating donor variables instead the single KDRI score. The AUC 

of the final model was 0.821 (95% CI [0.818-0.824]) and 0.744 (95% CI [0.734-0.754]) for the US and French 

based models, respectively, showing similar results to the original model that included only the single KDRI score 

as a covariate. Applying the French model using donor variables instead of the single KDRI score to the US cohort 

still resulted in a major decrease in the discarded kidney rate from n=27,987/156,089 (17.9%) to n=14,884/156,089 

(9.5%). Moreover, applying the US model using all variables instead of the single KDRI score to the French cohort 

still resulted in a major increase in the discarded kidney rate (n=6,687/29,984 = 22.3%). Applying the French 

model using donor variables instead of the single KDRI score to the US cohort still resulted in a major decrease 

in the discarded kidney rate from n=27,987/156,089 (17.9%) to n=14,884/156,089 (9.5%). 
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eTable 1A: US cohort: Donor characteristics associated with kidney discard in bivariate analysis 

Number of Number of OR 95% CI p 
patients discards 

Donor characteristics Donor age (per 1-year increment) 156,089 27,987 1.062 (1.061 - 1.063) <0.0001 
Donor sex Female 63,700 13,293 1 - 

Male 92,389 14,694 0.717 (0.699 – 0.736) <0.0001 
BMI (per 1 kg/m2 increment) 156,009 27,987 1.037 (1.035 – 1.038) <0.0001 
Donation after cardiac death (DCD) 
organ recovery 

No 137,065 24,171 1 - 

Yes 18,853 3,816 1.187 (1.143 – 1.233) <0.0001 
Cerebrovascular accident as cause of 
death 

No 98,125 11,881 1 - 

Yes 57,964 16,106 2.793 (2.720 – 2.868) <0.0001 
Donor hypertension No 107,568 11,186 1 - 

Yes 48,521 16,801 4.534 (4.442 – 4.689) <0.0001 
Donor diabetes mellitus No 141,801 21,784 1 - 

Yes 14,288 6,203 4.227 (4.077 – 4.382) <0.0001 
Creatinine <1.5 mg/dL 124,268 17,547 1 - 

≥1.5 mg/dL 31,821 10,440 2.970 (2.887 – 3.055) <0.0001 
Hepatitis C virus serostatus Negative 150,284 25,018 1 - 

Positive 5,644 2,932 5.413 (5.129 – 5.713) <0.0001 
African American donor No 133,338 23,239 1 - 

Yes 27,751 4,748 1.249 (1.207 – 1.294) <0.0001 

eTable 1B: US cohort : Donor characteristics associated with kidney discard in multivariable analysis 

Number of Number of OR 95% CI p 
patients discards 

Donor characteristics Donor age (per 1-year increment) 155,767 27,986 1.053 (1.052 - 1.055) <0.0001 
Donor gender Female 63,553 13,250 1 - 

Male 92,214 14,646 0.750 (0.727 – 0.773) <0.0001 
BMI (per 1 kg/m2 increment) 155,767 27,896 0.982 (0.979 – 0.984) <0.0001 
Donation after cardiac death (DCD) 
organ recovery 

No 136,975 24,107 1 - 

Yes 17,792 3,789 1.950 (1.866 – 2.038) <0.0001 
Cerebrovascular accident as cause of 
death 

No 97,937 11,846 1 - 

Yes 57,830 16,050 1.166 (1.128 – 1.206) <0.0001 
Donor hypertension No 107,312 11,135 1 - 

Yes 48,455 16,761 1.846 (1.784 – 1.910) <0.0001 
Donor diabetes mellitus No 141,503 21,702 1 - 

Yes 14,264 6,194 2.143 (2.055 – 2.236) <0.0001 
Creatinine <1.5 mg/dL 123,992 17,479 1 - 

≥1.5 mg/dL 31,775 10,417 3.622 (3.501 – 3.747) <0.0001 
Hepatitis C virus serostatus Negative 150,129 24,968 1 - 

Positive 5,638 2,928 7.864 (7.398 – 8.359) <0.0001 
African American donor No 133,076 23,168 1 - 

Yes 22,691 4,728 1.078 (1.034 – 1.125) <0.0001 
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eTable 2A: French Cohort: Donor characteristics associated with kidney discard in bivariate analysis 

Number of Number of OR 95% CI p 
patients discards 

Donor characteristics Donor age (per 1-year increment) 29,984 2,732 1.042 (1.039 - 1.045) <0.0001 
Donor gender Female 12,164 1,022 1 - 

Male 17,820 1,710 1,157 (1.067 – 1.255) 0.0004 
BMI (per 1 kg/m2 increment) 29,984 2,732 1.040 (1.032 – 1.047) <0.0001 
Donation after cardiac death (DCD) 
organ recovery 

No 29,347 2,533 1 - 

Yes 637 199 4.810 (4.048 – 5.715) <0.0001 
Cerebrovascular accident as cause of 
death 

No 13,297 916 1 - 

Yes 16,687 1,816 1.650 (1.519 – 1.793) <0.0001 
Donor hypertension No 20,726 1,383 1 - 

Yes 9,268 1,349 2.381 (2.199 – 2.578) <0.0001 
Donor diabetes mellitus No 27,761 2,353 1 - 

Yes 2,223 379 2.279 (1.972 – 2.498) <0.0001 
Creatinine <1.5 mg/dL 25,936 2,104 1 - 

≥1.5 mg/dL 4,048 628 2.080 (1.889 – 2.290) <0.0001 
Hepatitis C virus serostatus Negative 29,919 2,703 1 - 

Positive 65 29 8.111 (4.966 – 13.248) <0.0001 

eTable 2B: French Cohort: Donor characteristics associated with kidney discard in France in multivariable 
analysis 

Number of Number of OR 95% CI p 
patients discards 

Donor characteristics Donor age (per 1-year increment) 29,984 2,732 1.043 (1.040 - 1.047) <0.0001 
Donor gender Female 12,164 1,022 1 - 

Male 17,820 1,710 1.262 (1.156 – 1.378) <0.0001 
BMI (per 1 kg/m2 increment) 29,984 2,732 0.994 (0.995 – 1.002) 0.145 
Donation after cardiac death (DCD) 
organ recovery 

No 29,347 2,533 1 - 

Yes 637 199 8.537 (7.009 – 10.399) <0.0001 
Cerebrovascular accident as cause of 
death 

No 13,297 916 1 - 

Yes 16,687 1,816 1.283 (1.164 – 1.415) <0.0001 
Donor hypertension No 20,726 1,383 1 - 

Yes 9,268 1,349 1.460 (1.329 – 1.604) <0.0001 
Donor diabetes mellitus No 27,761 2,353 1 - 

Yes 2,223 379 1.444 (1.271 – 1.640) <0.0001 
Creatinine <1.5 mg/dL 25,936 2,104 1 - 

≥1.5 mg/dL 4,048 628 2.063 (1.852 – 2.296) <0.0001 
Hepatitis C virus serostatus Negative 29,919 2,703 1 - 

Positive 65 29 12.52 
7 

(7.334 – 21.398) <0.0001 

* Note that reporting of donor ethnicity is not allowed in the French database system according to
national regulations and was not considered in this analysis.
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3. SUPPLEMETARY FIGURES

eFigure 1A: Flowchart of the study population in the US: 157,614 deceased donor 

kidneys recovered for transplant between 2004 and 2014. 

KDRI: Kidney Donor Risk Index. 

Kidneys in this study 
cohort 

(n = 156 089; 99 0%)

Deceased donor kidneys available 
for procurement, 2004-2014 

(n = 175,864) 

Not procured for transplant 
(n = 18,250; 10.4%) 

Excluded due to 
missing KDRI data 

element(s)  (n = 1,525; 
1%)

Kidneys transplanted 
(n = 128,102; 82.1%) 

Kidneys discarded 
(n = 27,987; 17.9%) 

Kidneys recovered for 
transplantation 

(n = 157,614; 89.6%) 
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eFigure 1B: Flowchart of the study population in France: 31,387 deceased donor 

kidneys recovered for transplant between 2004 and 2014. 

KDRI: Kidney Donor Risk Index. 

Kidneys in this study 
cohort 

(n = 29 984; 95 5%)

Deceased donor kidneys available 
for procurement, 2004-2014 

(n =32,604) 

Not procured for transplant 
(n = 1,217; 3.4%) 

Excluded due to 
missing KDRI data 

element(s)  (n = 1,403; 
4 5%)

Kidneys transplanted 
(n = 27,252; 90.9%) 

Kidneys discarded 
(n = 2,732; 9.1%) 

Kidneys recovered for 
transplantation 

(n = 31,387; 96.6%) 
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eFigure 2: Distribution of deceased donor kidney quality as manifested in the Kidney 
Donor Risk Profile (KDPI) kidneys in the US and in France. Panel A shows the distribution 
of the KDPI score for the transplanted (blue) and discarded kidneys (red) in the US. Panel B 
shows the distribution of the KDPI score for the transplanted (blue) and discarded kidneys (red) 
in France. For instance, for a KDPI score of 100%, 78% of the kidneys were discarded in the 
US, while 29% of the kidneys were discarded in France. 

Abbreviations: KDPI, Kidney Donor Risk Profile. 
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eFigure 3: Change in the mean deceased donor age and Kidney Donor Risk Index (KDRI) 
in the US and France between 2004 and 2014. 
Panel A shows the mean donor age over time in the US for transplanted (black) and discarded 
(blue) kidneys. Panel B shows the mean donor age over time in France for transplanted (black) 
and discarded (blue) kidneys. Panel C shows the mean KDRI over time in the US for 
transplanted (black) and discarded (blue) kidneys. Panel D shows the mean KDRI over time in 
France for transplanted (black) and discarded (blue) kidneys. 

Abbreviations: KDRI; Kidney Donor Risk Index. 
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eFigure 4: Evolution of the Kidney Donor Risk Profile (KDPI) in the US and in France 
over time. This shows the evaluation of the KDPI over time in the USA and in France for the 
transplanted (gray) and discarded (red) kidneys. The mean KDPI of transplanted kidneys was 
43%±28% in 2004 and 45%±27% in 2014 in the US, while it was 55%±29% in 2004 and 
69%±30% in 2014. 

Abbreviations: KDPI; Kidney Donor Risk Index. 
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eFigure 5: ROC curve representing the probability of deceased donor discard according 
to the Kidney Donor Risk Index in the US and in France and the related calibration 
curves. 
Panel A shows the ROC curves of the KDRI in the US (red; AUC=0.82) and in France (blue; 
AUC=0.72). Panels B and C show the calibrations of the KDRI model in the US and in France. 
The vertical axis is the observed proportion of grafts discarded. The x-axis shows the 
probability of discard using the model. The dashed black lines correspond to the ideal 
calibration, the red curve corresponds to the bias-corrected calibration in the US, and the blue 
curve corresponds to the bias-corrected calibration in France. 
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eFigure 6: Kaplan-Meier curves for death-censored kidney-graft survival, according to 
the deciles of the Kidney Donor Risk Index (KDRI) in the US. 
This figure shows the probability of graft survival among actual kidney transplant recipients in 
the US and stratified by the KDRI deciles. The black curve corresponds to KDRI decile 1, the 
grey curve to KDRI decile 2, the green curve to KDRI decile 3, the light blue curve to KDRI 
decile 4, the dark blue curve to KDRI decile 5, the yellow curve to KDRI decile 6, the orange 
curve to KDRI decile 7, the pink curve to KDRI decile 8, the purple curve to KDRI decile 9, 
and the red curve to KDRI decile 10. The overall difference was significantly different (log- 
rank p<0.0001). 

Abbreviations: KDRI; Kidney Donor Risk Index. 
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eFigure 7: Restricted mean survival time at 10 years in the US for the 10 deciles of the 
KDRI. The pink area under the curve corresponds to the mean survival probability at ten years. 
The orange area above the curve corresponds to the mean years of allograft lost at ten years. 
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eFigure 8: Kaplan-Meier curves for kidney-graft survival, according to the deciles of the 
Kidney Donor Risk Index in France. 
This figure shows the probability of graft survival, which is based on the KDRI deciles. The 
black curve corresponds to KDRI decile 1, the gray curve to KDRI decile 2, the green curve to 
KDRI decile 3, the light blue curve to KDRI decile 4, the dark blue curve to KDRI decile 5, the 
yellow curve to KDRI decile 6, the orange curve to KDRI decile 7, the pink curve to KDRI 
decile 8, the purple curve to KDRI decile 9, and the red curve to KDRI decile 10. The overall 
difference was significantly different (log-rank p<0.0001). 

Abbreviations: KDRI; Kidney Donor Risk Index. 
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eFigure 9: Kaplan-Meier curves for non-death-censored kidney graft survival, according 
to the deciles of the Kidney Donor Risk Index in the US after transplantation. 
This figure shows the probability of graft survival among actual kidney transplant recipients in 
the US and stratified by the KDRI deciles. The black curve corresponds to KDRI decile 1, the 
gray curve to KDRI decile 2, the green curve to KDRI decile 3, the light blue curve to KDRI 
decile 4, the dark blue curve to KDRI decile 5, the yellow curve to KDRI decile 6, the orange 
curve to KDRI decile 7, the pink curve to KDRI decile 8, the purple curve to KDRI decile 9, 
and the red curve to KDRI decile 10. The overall difference was significantly different (log- 
rank p<0.0001). 
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eFigure 10: Kaplan-Meier curves for non-death-censored kidney-graft survival, 
according to the deciles of the Kidney Donor Risk Index in France after transplantation. 
This figure shows the probability of graft survival among actual kidney transplant recipients in 
the France and stratified by the KDRI deciles. The black curve corresponds to KDRI decile 1, 
the gray curve to KDRI decile 2, the green curve to KDRI decile 3, the light blue curve to KDRI 
decile 4, the dark blue curve to KDRI decile 5, the yellow curve to KDRI decile 6, the orange 
curve to KDRI decile 7, the pink curve to KDRI decile 8, the purple curve to KDRI decile 9, 
and the red curve to KDRI decile 10. The overall difference was significantly different (log- 
rank p<0.0001). 
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eFigure 11: Estimation of gains in non-death-censored allograft life years from reducing 
high kidney discard rates in the US, according to KDRI categories. 
Panel A shows the life years saved by decile of KDRI in the US if the French model of kidney 
acceptance had been used. The black curve corresponds to KDRI decile 1, the gray curve to 
KDRI decile 2, the green curve to KDRI decile 3, the light blue curve to KDRI decile 4, the 
dark blue curve to KDRI decile 5, the yellow curve to KDRI decile 6, the orange curve to KDRI 
decile 7, the pink curve to KDRI decile 8, the purple curve to KDRI decile 9, and the red curve 
to KDRI decile 10. The x-axis corresponds to the time post transplantation, and the vertical axis 
corresponds to the number of allograft life years saved. Panel B shows the life years saved 
overall if organ utilization patterns in the US had followed the French model. The x-axis 
corresponds to the time post transplantation, and the vertical axis corresponds to the number of 
allograft life years saved. 
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