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Materials and Methods
Pre-implantation biopsy scoring and organ allocation

Eligible kidneys from marginal donors older than 60, and/or with a history of hypertension or diabetes, were considered suitable for biopsy and histologic evaluations of paraffin-embedded sections that defined organ allocation for single or dual transplantation or discharge, according to a standardized score pre-defined by an international panel of pathologists (see Supporting information). When kidneys had a score between 0 and 3, they were used for two single transplantations. If one kidney scored between 0 and 3 and the other one 4 or higher, or when both kidneys had a score between 4 and 6, the two kidneys were transplanted together into the same recipient. The kidneys were discarded when both had a score of 7 or higher, or when one kidney scored between 4 and 6 and the other had a score of 7 or higher 


[1-3] ADDIN EN.CITE . On the other hand, eligible kidneys from donors aged 60 or younger without a history of hypertension or diabetes were considered ideal and were used for single kidney transplantations without histological evaluation. The kidneys were cold preserved under static conditions. Tissue samples were obtained with a 16-gauge needle from the inferior pole of both kidneys. The biopsies were reviewed by different pathologists associated with the transplant center who  were all trained to adopt the same standardized score criteria in their evaluation.

KDRI and KDPI scores

The kidney donor renal index (KDRI) and the age-dependent kidney donor profile index (KDI) were used for comparison as additional approaches to characterize marginal/order donors of single or dual kidneys as well as ideal donors of single kidneys. 

The KDRI estimates the relative risk of post-transplant graft failure for a specific deceased donor compared to an average donor from the reference year 


[4] ADDIN EN.CITE . The KDPI is a numerical score that is the result of ranking KDRI from the 1st to the 100th percentile, with reference to an OPTN donor cohort 


[5] ADDIN EN.CITE .

Supplementary Table S1. Correspondence between morphological changes and the pre-transplant donor biopsy score (from references [1] and 


[2] ADDIN EN.CITE )
	Kidney morphological component
	Score

	
	0
	1
	2
	3

	Arterial and arteriolar narrowing
	absent
	increased wall thickness but to a degree that is less than the diameter of the lumen
	wall thickness that is equal or slightly greater than the diameter of the lumen
	wall thickness that far exceeds the diameter of the lumen with extreme luminal narrowing or occlusion

	Glomerular sclerosis
	absent
	<20% of glomeruli sclerosed
	20 to 50% glomeruli sclerosed
	over 50% of the glomeruli sclerosed

	Tubular atrophy
	absent
	<20% of tubuli affected
	20 to 50% of tubuli affected
	over 50% of tubuli were atrophic

	Interstitial fibrosis
	absent
	<20% of renal tissue replaced by fibrous connective tissue
	20 to 50 % of renal tissue replaced by fibrous connective tissue
	over 50% of renal tissue replaced by fibrous connective tissue


Donor and kidney evaluation

All potential, brain-dead donors were identified and selected according to the pre-defined protocols of the NIT network based on demographic, anthropometric, clinical and laboratory parameters, ultrasound assessment of the renal parenchyma and urinary tract, and on echo color-Doppler evaluation of the aorta, renal vascular tree, and kidney perfusion 


[6-8] ADDIN EN.CITE . Computed tomography scanning or angiographic evaluations were also performed if specifically indicated. According to standard NIT guidelines, kidneys were discarded when severe vascular or renal macroscopic parenchymal abnormalities were found during the screening evaluation or direct assessment after procuring. Tissue samples were obtained from eligible ECD kidneys for pre-implantation histologic evaluations by pathologists trained to adopt the DKG program. Donors were also reclassified retrospectively according to KDRI 


[4] ADDIN EN.CITE  and KDPI 


[5] ADDIN EN.CITE  algorithms. 

Immunosuppression

Patients in both cohorts were given the same immunosuppressive treatment, which combines induction therapy with basiliximab (two i.v. injections of 20 mg each at days 0 and 4 post-transplant) and low-dose thymoglobulin (thymo, 0.5 mg/kg/day for 7 days starting on the day of the transplant) and maintenance therapy with cyclosporine (CsA), mycophenolate mofetil (MMF) (500-750 mg twice a day) or azathioprine (AZA) (50 mg/day if body weight <75 kg, 75 mg/day if body weight > 75 kg), and steroids (tapered and withdrawn by day 7 post-transplant when feasible on the basis of standardized pre-defined criteria, including no rejection and possibility to maintain target doses of CsA, MMF or AZA that were identical for all included recipients).

GFR measurement 

The GFR was measured through the plasma clearance of unlabeled iohexol after a single, intravenous injection of a 5 ml iohexol solution (647 mg/ml Omnipaque 300; GE Healthcare, Milano, Italy), as previously described 


[9, 10] ADDIN EN.CITE . After baseline blood sample collection for the measurement of basal iohexol concentration, 5 mL of Omnipaque (300 mg iodine/mL) containing 3.235 g iohexol was slowly injected (2 minutes). For Iohexol determination, blood samples were collected at 120, 180, 240, 300, 420 and 480 minutes from patients with creatinine clearance ≤ 40 mL/min and at 120, 150, 180, 210, 240 minutes from those with creatinine clearance > 40 mL/min. Blood samples were centrifuged at room temperature (3000 rpm for 10 minutes), and plasma collected and stored at -20 °C until assay [9].
Plasma iohexol assay

Plasma concentrations of iohexol were determined using the high-performance liquid chromatography (HPLC) method. Briefly, frozen plasma samples were thawed in a thermostatic bath at 37 °C and vortex mixed thoroughly. Two-hundred µl plasma samples were placed in Eppendorf tubes. 50 µl of IS were added. Then the samples were deproteinized by adding 750 µl 5% perchloric acid. After vortex mixing and centrifuging for 5 minutes at 13000 rpm in an Eppendorf centrifuge, 400-500 µl of the supernatant were transferred to autosampler vials and 20 µl were chromatographed using a Model 1100 Agilent Technologies HPLC and a 150 x 4.6 mm RP-18 5 um column maintained at 27 °C. The detection wavelength was set at 254 nm for iohexol and shifted at 285 nm before IS elution. Internal calibration curves of iohexol were prepared for each set of samples [9].
Supplementary data

Supplementary Table S2. Number of events for each outcome

	Outcome
	Number of events (% from the group)

	
	Single KTx from

ideal donor

(N=198)
	Single or dual KTx from marginal donor

(N=98)

	Death-censored graft failure a
	15 (7.6%)
	7 (7.1%)

	Patient-graft failure b
	22 (11.1%)
	18 (18.4%)

	Patient death
	7 (3.5%)
	11 (11.2%)

	Biopsy-proven acute rejection c
	35 (17.7%)
	16 (16.3%)

	Biopsy-proven and clinical acute rejection c
	56 (28.3%)
	24 (24.5%)


a accounting only for loss of kidney graft function with return to maintenance dialysis as the end-point.

b accounting for both loss of kidney graft function and patient death as the end-points.

c rates of acute rejection calculated taking into account only the first episode.

Supplementary Table S3. Association between death-censored graft survival and donor group (older/marginal vs ideal) in multivariable analysis

	Factor
	Univariable analysis
	Multivariable analysis*

	
	HR 
(95% CI)
	P value
	Model 1
	Model 2
	Model 3

	
	
	
	HR

 (95% CI)
	P value
	HR 

(95% CI)
	P value
	HR
 (95% CI)
	P value

	Donor group (older/marginal vs ideal)
	1.54

(0.61-3.85)
	0.36
	2.60

(0.76-8.94)
	0.13
	2.96
(0.72- 12.2)
	0.13
	2.73
(0.49-15.3)
	0.25

	Recipient age, per 1 year 
	0.99
(0.96-1.02)
	0.58
	0.97
(0.94- 1.01)
	0.18
	0.98
(0.93-1.02)
	0.32
	0.98
(0.94-1.03)
	0.49

	Donor age, per 1 year
	1.00

(0.98-1.02)
	0.94
	-
	
	0.99

(0.95-1.03)
	0.72
	0.96

(0.89-1.03)
	0.22

	Donor BMI, per 1 kg/m2
	1.03

(0.94-1.13)
	0.53
	-
	
	-
	
	1.04

(0.95-1.15)
	0.39

	Recipient BMI, per 1 kg/m2
	0.98

(0.87-1.11)
	0.77
	-
	
	-
	
	0.99

(0.87-1.13)
	0.88

	Donor serum creatinine, per 0.1 mg/sL
	0.96

(0.87-1.07)
	0.48
	-
	
	-
	
	0.92

(0.81-1.04)
	0.18

	History of hypertension in donor
	1.62

(0.51-5.14)
	0.41
	-
	
	-
	
	0.95

(0.19-4.72)
	0.95

	History of diabetes in donor
	2.47 

(0.32-19.0)
	0.38
	-
	
	-
	
	1.29

(0.10-17.5)
	0.85

	KDPI, per 10 points
	1.02

(0.89-1.18)
	0.75
	-
	
	-
	
	1.23
(0.80-1.91)
	0.35

	Cold ischemia time, per 1 hour
	1.06

(0.95-1.19)
	0.28
	-
	
	-
	
	1.07
(0.94-1.22)
	0.30

	CMV infection in donor 
	1.32

(0.39-4.46)
	0.66
	-
	
	-
	
	1.20
(0.32-4.58)
	0.78

	CMV infection in recipient
	0.69

(0.25-1.87)
	0.46
	-
	
	-
	
	0.63
(0.20-2.01)
	0.43

	Number of HLA mismatches between donor and recipient
	1.01

(0.74-1.37)
	0.97
	-
	
	-
	
	0.93
(0.66-1.32)
	0.69


HR – hazard ratio; BMI - body mass index; CMV – cytomegalovirus; KDPI – kidney donor profile index; HLA - human leukocyte antigens
* multivariable analysis includes, in addition to the donor group, the following factors: model 1 - recipient age; model 2 - both donor and recipient age; model 3 - all factors by which groups differed at p<0.1 in univariate analysis: donor and recipient age, donor and recipient body mass index, donor serum creatinine, history of hypertension and diabetes in donor, KDPI, cold ischemia time, CMV infection in donor and recipient, HLA mismatches between donor and recipient. The reference group comprised the patients with grafts from ideal donors.
Supplementary Table S4. Association between patient-graft survival and donor group (older/marginal vs ideal) in multivariable analysis

	Factor
	Univariable analysis*
	Multivariable analysis*

	
	HR

 (95% CI)
	P value
	Model 1
	Model 2
	Model 3

	
	
	
	HR
 (95% CI)
	P value
	HR 

(95% CI)
	P value
	HR

 (95% CI)
	P value

	Donor group (older/marginal vs ideal)
	2.51

(1.33-4.75)
	<0.005
	2.33

(0.99-5.43)
	0.051
	2.41

(0.87-6.67)
	0.09
	2.17
(0.63-7.49)
	0.22

	Recipient age, per 1 year 
	1.02 

(1.00-1.05)
	0.055
	1.00

(0.97-1.03)
	0.79
	1.01

(0.97-1.04)
	0.77
	1.01
(0.97-1.05)
	0.71

	Donor age, per 1 year
	1.02 

(1.00-1.04)
	0.041
	-
	
	1.00

(0.97-1.03)
	0.90
	0.99
(0.94-1.05)
	0.83

	Donor BMI, per 1 kg/m2
	1.03 

(0.97-1.10)
	0.31
	-
	
	-
	
	1.03

(0.95-1.12)
	0.43

	Recipient BMI, per 1 kg/m2
	1.01

(0.92-1.10)
	0.84
	-
	
	-
	
	0.97

(0.88-1.06)
	0.50

	Donor serum creatinine, per 0.1 mg/sL
	1.00 

(0.94-1.06)
	0.94
	-
	
	-
	
	0.97

(0.90-1.05)
	0.47

	History of hypertension in donor
	1.54 

(0.68-3.47)
	0.30
	-
	
	-
	
	0.63

(0.23-1.73)
	0.37

	History of diabetes in donor
	1.15

(0.16-8.49)
	0.89
	-
	
	-
	
	0.70

(0.07-6.74)
	0.76

	KDPI, per 10 points
	1.12 

(1.00-1.25)
	0.043
	-
	
	-
	
	1.04

(0.73-1.48)
	0.84

	Cold ischemia time, per 1 hour
	1.13

(1.05-1.20)
	<0.001
	-
	
	-
	
	1.12

(1.03-1.21)
	0.009

	CMV infection in donor 
	1.51

(0.59-3.86)
	0.39
	-
	
	-
	
	1.25

(0.45-3.47)
	0.67

	CMV infection in recipient
	0.95

(0.42-2.14)
	0.89
	-
	
	-
	
	0.65

(0.26-1.61)
	0.35

	Number of HLA mismatches between donor and recipient
	1.11 

(0.88-1.41)
	0.39
	-
	
	-
	
	1.02

(0.79-1.31)
	0.89


HR – hazard ratio; BMI - body mass index; CMV – cytomegalovirus; KDPI – kidney donor profile index; HLA - human leukocyte antigens

* multivariable analysis includes, in addition to the donor group, the following factors: model 1 - recipient age; model 2 - both donor and recipient age; model 3 - all factors by which groups differed at p<0.1 in univariate analysis: donor and recipient age, donor and recipient body mass index, donor serum creatinine, history of hypertension and diabetes in donor, KDPI, cold ischemia time, CMV infection in donor and recipient, HLA mismatches between donor and recipient. The reference group comprised the patients with grafts from ideal donors.
Supplementary Table S5. Association between patient survival and donor group (older/marginal vs ideal) in multivariable analysis

	Factor
	Univariable analysis*
	Multivariable analysis*

	
	HR
 (95% CI)
	P value
	Model 1
	Model 2
	Model 3

	
	
	
	HR

 (95% CI)
	P value
	HR 

(95% CI)
	P value
	HR
 (95% CI)
	P value

	Donor group (older/marginal vs ideal)
	4.33

(1.66-11.28)
	<0.003
	1.72

(0.51-5.85)
	0.38
	1.40
(0.29, 6.85)
	0.68
	0.88
(0.12-6.71)
	0.90

	Recipient age, per 1 year 
	1.07 
(1.03-1.11)
	<0.001
	1.06
(1.00, 1.11)
	0.036
	1.05
(0.99, 1.11)
	0.08
	1.06
(0.99-1.13)
	0.09

	Donor age, per 1 year
	1.05 
(1.02-1.08)
	0.003
	-
	
	1.01
(0.96, 1.07)
	0.69
	1.05
(0.95-1.15)
	0.36

	Donor BMI, per 1 kg/m2
	1.04 

(0.95-1.14)
	0.42
	-
	
	-
	
	1.03

(0.89-1.19)
	0.72

	Recipient BMI, per 1 kg/m2
	1.04 

(0.92-1.18)
	0.54
	-
	
	-
	
	0.94

(0.82-1.07)
	0.36

	Donor serum creatinine, per 0.1 mg/sL
	1.02 

(0.95-1.10)
	0.53
	-
	
	-
	
	1.02

(0.94-1.11)
	0.66

	History of hypertension in donor
	1.44

(0.45-4.53)
	0.54
	-
	
	-
	
	0.43

(0.11-1.69)
	0.23

	History of diabetes in donor
	1.01

(0.11-2.09)
	0.34
	-
	
	-
	
	0.68

(0.11-3.99)
	0.67

	KDPI, per 10 points
	1.27 

(1.06-1.53)
	0.011
	-
	
	-
	
	0.86

(0.48-1.54)
	0.61

	Cold ischemia time, per 1 hour
	1.17 

(1.08-1.26)
	<0.001
	-
	
	-
	
	1.18 

(1.05-1.32)
	0.007

	CMV infection in donor 
	1.81

(0.42-7.87)
	0.43
	-
	
	-
	
	1.17

(0.23-5.95)
	0.85

	CMV infection in recipient
	1.58

(0.36-6.88)
	0.54
	-
	
	-
	
	0.99

(0.20-4.81)
	0.99

	Number of HLA mismatches between donor and recipient
	1.27 

(0.87-1.84)
	0.22
	-
	
	-
	
	1.11

(0.76-1.64)
	0.58


HR – hazard ratio; BMI - body mass index; CMV – cytomegalovirus; KDPI – kidney donor profile index; HLA - human leukocyte antigens

* multivariable analysis includes, in addition to the donor group, the following factors: model 1 - recipient age; model 2 - both donor and recipient age; model 3 - all factors by which groups differed at p<0.1 in univariate analysis: donor and recipient age, donor and recipient body mass index, donor serum creatinine, history of hypertension and diabetes in donor, KDPI, cold ischemia time, CMV infection in donor and recipient, HLA mismatches between donor and recipient. Reference group comprised patients with grafts from ideal donors.
Supplementary Figures
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Supplementary Figure S1. Kaplan-Meier curves for biopsy-proven or clinically diagnosed acute rejection-free survival in 98 recipients for single or dual kidneys from marginal/older donors allocated based on pre-implantation biopsy evaluation and in 198 reference-recipients of single kidney from donors aged 60 or younger who were not assessed histologically before transplantation.
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