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[bookmark: _Toc196610975]Supplementary Material Table S1: Quality assessment of the translation high-resolution.


[image: ]
Important note: the quality assessment was performed on the alleles and not individual kidney transplant recipients.

High-resolution imputation was performed for kidney transplant recipients in the Leiden cohort. High-resolution NGS typing were available for 22.907 alleles (46%), while the remaining 54% were imputed.

[bookmark: _Toc196610976]Supplementary Material Figure S1: Correlation between total HLA antigen mismatches for HLA-A/-B/-DR and total saAA mismatches 
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[bookmark: _Toc196610977]Supplementary Material Table S2: Median saAA mismatch scores for transplant outcomes; donor-specific antibodies (DSA), biopsy-proven acute rejection (BPAR) and Death-Censored Graft Failure (DCGF)
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[bookmark: _Toc196610978]Supplementary Material Table S3:

Multivariable analysis including both total class I and total class II solvent-accessible amino acid mismatches simultaneously on hierarchical composite endpoint of death-censored graft failure, biopsy-proven acute rejection, and de novo donor-specific antibody development 
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Multivariable analysis including both total class I and total class II solvent-accessible amino acid mismatches simultaneously on DCGF
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Multivariable analysis including both total class I and total class II solvent-accessible amino acid mismatches simultaneously on BPAR
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[bookmark: _Toc196610981]Supplementary Material Table S6:

Multivariable analysis including both total class I and total class II solvent-accessible amino acid mismatches simultaneously on dnDSA development
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Supplementary Material Table S7:

Multivariable analysis in which the impact of locus specific saAA mismatches on locus-specific dnDSA formation was investigated within the context of one or two antigen mismatches
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Sensitivity analysis was performed by restricting our analysis to KTRs with only NGS HLA data for both primary and secondary endpoints. For secondary endpoint analyses, we limited the assessment to Total, Class I and Class II saAA mismatches to maintain methodological rigor and power, and prevent uninterpretable, excessively broad confidence intervals. 
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To facilitate the comparison of hazard ratios (HRs) for the hierarchical composite endpoint, and individual outcomes of dnDSA, BPAR, and DCGF across individual HLA loci, we included the "median increase" for each HLA locus to account for differences in their distributions (Supplementary Material Tables S12-S16)
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Sensitivity analysis in subgroup of patients without pre-transplant donor-specific antibodies for all primary and secondary endpoints.
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[bookmark: _Toc196610986]Supplemental Material Table S22; sensitivity analysis 4

Sensitivity analysis by excluding BPARs diagnosed on protocol biopsies, thereby focusing solely on for-cause biopsies for the primary and secondary endpoints
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Sensitivity analysis was performed in a subgroup where HLA-identical familial kidney donors were excluded. The analysis was done for both the primary and secondary endpoints.
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image3.emf
Reached (n=884)Not reached (n=1589)P-value*Graft failed (n=335) Graft functioning (n=2138)P-value*

Total saAA  Median [IQR] 41 [25-57] 36 [20-51] <.001 40 [23-57] 38 [21-53] .067

Total Class I saAAMedian [IQR] 17 [10-26] 16 [8-25] .029 16 [9-25] 16 [9-26] .816

    HLA-A saAA Median [IQR] 7 [1-13] 7 [1-12] .185 7 [1-13] 7 [1-13] .746

    HLA-B saAA Median [IQR] 4 [2-8] 4 [1-8] .074 4 [2-7] 4 [1-8] .796

    HLA-C saAA Median [IQR] 5 [1-8] 4 [1-7] .033 5 [2-7] 4 [1-7] .178

Total Class II saAAMedian [IQR] 21 [10-35] 16 [4-30] <.001 20 [8-35] 18 [6-31] .013

    HLA-DR saAA Median [IQR] 8 [3-18] 6 [1-17] <.001 7 [3-18) 6 [2-17] .229

    HLA-DQ saAA Median [IQR] 9 [3-18] 7 [0-14] <.001 8 [2-19] 7 [1-15] .010

BPAR (n=555) No BPAR (n=1918) P-value* dnDSA (n=315) no dnDSA (n=2158) P-value*

Total saAA  Median [IQR] 41 [24-57] 37 [21-52] <.001 46 [33-60] 36 [20-52] <.001

Total Class I saAAMedian [IQR] 16 [9-26] 16 [9-25] .533 21 [13-30] 16 [8-25] <.001

    HLA-A saAA Median [IQR] 7 [2-12] 7 [1-13] .764 10 [3-15] 6 [1-12] <.001

    HLA-B saAA Median [IQR] 4 [2-8] 4 [1-8] .382 6 [2-9] 4 [1-8] <.001

    HLA-C saAA Median [IQR] 4 [1-7] 4 [1-7] .407 6 [2-9] 4 [1-7] <.001

Total Class II saAAMedian [IQR] 22 [10-34] 17 [5-30] <.001 24 [12-35] 17 [5-31] <.001

    HLA-DR saAA Median [IQR] 8 [3-18] 6 [1-17] <.001 12 [4-20] 6 [2-17] <.001

    HLA-DQ saAA Median [IQR] 9 [3-18] 7 [1-14] <.001 9 [4-17] 7 [1-15] <.001

Biopsy-proven acute rejection (BPAR)b de novo Donor-specific antibody development (DSA)

a Composite endpoint consisted of hierarchical endpoints of DCGF, BPAR, and dnDSA

b These included both T-cell mediated rejection and antibody-mediated rejection.

* Comparisons made between groups with Mann Whitney U test

Supplementary Material Table S2. Median saAA mismatches scores for different transplant outcomes

Composite endpointa Death-censored Graft Failure (DCGF)
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Per 10 SA AA MM

Patients at risk Events Multivariable HR (95% CI)

adjusted p-value

b

Total class I 2473 883 1.12 (1.05-1.19) <.001

Total class II 2473 883 1.13 (1.09-1.18) <.001

Supplementary Material Table S3: multivariable analysis including both class I and class II 

simultaneously for hierarchical composite endpoint*

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, HLA: Human Leukocyte Antigen

* Hierarchical composite endpoint consists of death-censored graft failure, biopsy-proven acute 

rejection, and de novo donor-specific antibody development

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 SA AA MM

Patients at risk Events Multivariable HR (95% CI)aadjusted p-valueb

Total class I 2473 335 1.20 (1.08-1.32) <.001

Total class II 2473 335 1.10 (1.04-1.17) 0.002

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: death-censored graft 

failure, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

Supplementary Material Table S4: multivariable analysis including both class I and class II 

simultaneously for DCGF
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Per 10 SA AA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total class I 2473 555 1.15 (1.06-1.25) .001

Total class II 2473 555 1.10 (1.05-1.16) <.001

Supplementary Material Table S5: multivariable analysis including both class I and class II 

simultaneously for BPAR

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, BPAR: biopsy-proven acute 

rejection, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 SA AA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total class I 2473 315 1.32 (1.20-1.45) <.001

Total class II 2473 315 1.18 (1.11-1.26) <.001

Supplementary Material Table S6: multivariable analysis including both class I and class II 

simultaneously for dnDSA development

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibodies, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Antigen-level 

mismatch

Patients 

at risk Events

Multivariable HR 

(95% CI)

a

adjusted 

p-value

b

1 1278 30 2.35 (1.30-4.25) .005

2 606 30 2.03 (1.17-3.55) .012

1 1322 27 3.34 (1.16-9.58) .025

2 757 27 1.13 (0.46-2.77) .796

1 1294 15 6.64 (1.78-24.74) .005

2 661 21 1.60 (0.56-4.52) .378

1 1451 66 1.84 (1.36-2.48) <.001

2 376 33 1.64 (1.16-2.33) .002

1 1387 140 1.35 (1.11-1.65) .003

2 294 44 1.39 (0.97-2.01) .076

Supplementary Material Table S7. Multivariable hazard ratios for ten saAA mismatches on locus-

specific dnDSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific antibody

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery Rate 

5%

DR-DSA

DQ-DSA

A-DSA

B-DSA

C-DSA
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Per 10 saAA MM

Patients at riskEventsMultivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 908 351 1.10 (1.05-1.15) <.001

Total Class I 962 370 1.26 (1.09-1.46) .003

    HLA-A  964 371 1.33 (1.08-1.65) .009

    HLA-B  968 372 1.60 (1.10-2.32) .014

    HLA-C 966 370 1.60 (1.11-2.30) .012

Total Class II 908 351 1.09 (1.04-1.15) <.001

    HLA-DR 911 353 1.15 (1.02-1.30) .019

    HLA-DQ 940 363 1.14 (1.06-1.22) <.001

Supplementary Material Table S8. Multivariable Hazard Ratios for ten saAA mismatches 

on hierarchical composite endpoint*

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio

* Hierarchical composite endpoint consists of death-censored graft failure, biopsy-proven acute 

rejection, and de novo donor-specific antibody development

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False 

Discovery Rate 5%
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Per 10 saAA MM

Patients at riskEventsMultivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 908 151 1.11 (1.03-1.20) .005

Class I 962 154 1.39 (1.10-1.77) .007

Class II 908 151 1.10 (1.02-1.19) .015

Supplementary Material Table S9. Multivariable Hazard Ratios for ten saAA mismatches 

on DCGF

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: Death-censored graft 

failure, BPAR: biopsy-proven acute rejection, DSA: donor-specific antibodies

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False 

Discovery Rate 5%
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Per 10 saAA MM

Patients at riskEventsMultivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 908 257 1.08 (1.02-1.14) .006

Class I 962 263 1.27 (1.06-1.52) .009

Class II 908 257 1.07 (1.01-1.14) .021

Supplementary Material Table S10. Multivariable Hazard Ratios for ten saAA 

mismatches on BPAR

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: Death-censored graft 

failure, BPAR: biopsy-proven acute rejection, DSA: donor-specific antibodies

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False 

Discovery Rate 5%
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Per 10 saAA MM

Patients at riskEventsMultivariable HR (95% CI)a

adjusted p-value

b

Total (Class I + II) 908 46 1.22 (1.07-1.39) .003

Class I 962 60 1.41 (1.05-1.89) .021

Class II 908 46 1.25 (1.09-1.44) .002

Supplementary Material Table S11. Multivariable Hazard Ratios for ten saAA 

mismatches on dnDSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: Death-censored graft 

failure, BPAR: biopsy-proven acute rejection, DSA: donor-specific antibodies

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False 

Discovery Rate 5%


image13.emf
Per median increase in saAA MM Patients at riskEvents Multivariable HR (95% CI)

a

Total (Class I + II) 2473 883 1.57 (1.40-1.77)

Total Class I 2473 883 1.25 (1.13-1.39)

    HLA-A  2473 883 1.10 (1.03-1.18)

    HLA-B  2473 883 1.13 (1.05-1.20)

    HLA-C 2473 883 1.13 (1.06-1.21)

Total Class II 2473 883 1.27 (1.19-1.36)

    HLA-DR 2473 883 1.11 (1.06-1.56)

    HLA-DQ 2473 883 1.15 (1.10-1.21)

Supplementary Material Table S12. Multivariable Hazard Ratios for median increase in 

saAA mismatches on the composite hierarchical endpoint*

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, HLA: Human Leukocyte Antigen

* Hierarchical composite endpoint consists of death-censored graft failure, biopsy-proven acute rejection, 

and de novo donor-specific antibody development

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation
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Per median increase in saAA MM Patients at riskEvents Multivariable HR (95% CI)

a

Total (Class I + II) 2473 335 1.58 (1.30-1.92)

Total Class I 2473 335 1.35 (1.15-1.58)

    HLA-A  2473 335 1.12 (1.01-1.25)

    HLA-B  2473 335 1.17 (1.05-1.30)

    HLA-C 2473 335 1.22 (1.10-1.36)

Total Class II 2473 335 1.20 (1.08-1.34)

    HLA-DR 2473 335 1.11 (1.04-1.19)

    HLA-DQ 2473 335 1.09 (1.02-1.17)

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: death-censored graft 

failure, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

Supplementary Material Table S13. Multivariable Hazard Ratios for median increase in 

saAA mismatches on DCGF 


image15.emf
Per median increase in saAA MM Patients at riskEvents Multivariable HR (95% CI)

a

Total (Class I + II) 2473 555 1.52 (1.31-1.76)

Total Class I 2473 555 1.30 (1.14-1.48)

    HLA-A  2473 555 1.10 (1.01-1.20)

    HLA-B  2473 555 1.20 (1.10-1.30)

    HLA-C 2473 555 1.12 (1.03-1.22)

Total Class II 2473 555 1.22(1.12-1.33)

    HLA-DR 2473 555 1.11 (1.05-1.17)

    HLA-DQ 2473 555 1.11 (1.05-1.17)

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, BPAR: biopsy-proven acute 

rejection, HLA: Human Leukocyte Antigen 

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

Supplementary Material Table S14. Multivariable Hazard Ratios for median increase in 

saAA mismatches on BPAR
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Per median increase in saAA MM Patients at riskEvents Multivariable HR (95% CI)

a

Total (Class I + II) 2473 315 2.15 (1.75-2.63)

Total Class I 2473 315 1.35 (1.16-1.58)

    HLA-A  2473 315 1.18 (1.06-1.31)

    HLA-B  2473 315 1.23 (1.11-1.35)

    HLA-C 2473 315 1.18 (1.07-1.30)

Total Class II 2473 315 1.61 (1.42-1.83)

    HLA-DR 2473 315 1.21 (1.13-1.30)

    HLA-DQ 2473 315 1.34 (1.22-1.47)

SA AA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

Supplementary Material Table S15. Uni- and multivariable hazard ratios for median 

increase in saAA mismatches on dnDSA
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Per median increase in saAA MM Patients at riskEvents Multivariable HR (95% CI)

a

    HLA-A  2473 60 2.02 (1.60-2.54)

    HLA-B  2473 54 1.42 (1.13-1.79)

    HLA-C  2473 37 1.75 (1.34-2.29)

    HLA-DR  2473 100 1.60 (1.42-1.80)

    HLA-DQ  2473 188 1.67 (1.48-1.89)

DR-DSA

DQ-DSA

Supplementary Material Table S16. Multivariable Hazard Ratios for median increase saAA 

mismatches on locus-specific dnDSA

A-DSA

B-DSA

C-DSA

SA AA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant 

center, donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2304 776 1.13 (1.09-1.17) <.001

Total Class I 2304 776 1.18 (1.10-1.26) <.001

    HLA-A  2304 776 1.16 (1.05-1.28) .004

    HLA-B  2304 776 1.40 (1.17-1.67) <.001

    HLA-C 2304 776 1.47 (1.24-1.75) <.001

Total Class II 2304 776 1.15 (1.10-1.19) <.001

    HLA-DR 2304 776 1.20 (1.11-1.29) <.001

    HLA-DQ 2304 776 1.20 (1.13-1.27) <.001

Supplementary Material Table S17. Multivariable Hazard Ratios for ten saAA mismatches on 

hierarchical composite endpoint*

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, HLA: Human Leukocyte Antigen

* Hierarchical composite endpoint consists of death-censored graft failure, biopsy-proven acute rejection, 

and de novo donor-specific antibody development

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2304 286 1.14 (1.08-1.21) <.001

Total Class I 2304 286 1.22 (1.10-1.36) <.001

    HLA-A  2304 286 1.19 (1.01-1.40) .037

    HLA-B  2304 286 1.55 (1.17-2.05) .002

    HLA-C 2304 286 1.82 (1.38-2.41) <.001

Total Class II 2304 286 1.14 (1.06-1.22) <.001

    HLA-DR 2304 286 1.23 (1.08-1.40) .002

    HLA-DQ 2304 286 1.16 (1.05-1.28) .004

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: death-censored graft failure, 

HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

Supplementary Material Table S18. Multivariable Hazard Ratios for ten saAA mismatches on 

DCGF
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2304 478 1.12 (1.08-1.17) <.001

Total Class I 2304 478 1.22 (1.12-1.33) <.001

    HLA-A  2304 478 1.19 (1.04-1.35) .013

    HLA-B  2304 478 1.63 (1.30-2.04) <.001

    HLA-C 2304 478 1.50 (1.20-1.88) <.001

Total Class II 2304 478 1.11 (1.06-1.17) <.001

    HLA-DR 2304 478 1.18 (1.07-1.30) <.001

    HLA-DQ 2304 478 1.14 (1.06-1.23) <.001

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, BPAR: biopsy-proven acute 

rejection, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

Supplementary Material Table S19. Multivariable Hazard Ratios for ten saAA mismatches on 

BPAR
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2304 280 1.24 (1.17-1.31) <.001

Total Class I 2304 280 1.21 (1.10-1.34) <.001

    HLA-A  2304 280 1.24 (1.06-1.45) .006

    HLA-B  2304 280 1.70 (1.32-2.20) <.001

    HLA-C 2304 280 1.55 (1.20-2.02) .001

Total Class II 2304 280 1.33 (1.23-1.43) <.001

    HLA-DR 2304 280 1.41 (1.25-1.59) <.001

    HLA-DQ 2304 280 1.49 (1.33-1.68) <.001

Supplementary Material Table S20. Multivariable Hazard Ratios for ten saAA mismatches on 

dnDSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

    HLA-A  2304 53 2.72 (1.92-3.84) <.001

    HLA-B  2304 46 2.15 (1.14-4.06) <.001

    HLA-C  2304 29 4.05 (1.90-8.61) <.001

    HLA-DR  2304 86 2.25 (1.82-2.77) <.001

    HLA-DQ  2304 170 1.92 (1.64-2.25) <.001

DR-DSA

DQ-DSA

Supplementary Material Table S21. Multivariable Hazard Ratios for ten saAA mismatches on 

locus-specific dnDSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

C-DSA

A-DSA

B-DSA
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Per 10 saAA MM

Patients at riskEvents Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2416 498 1.13 (1.09-1.18) <.001

Total Class I 2416 498 1.19 (1.10-1.30) <.001

    HLA-A  2416 498 1.16 (1.02-1.33) .022

    HLA-B  2416 498 1.60 (1.28-1.99) <.001

    HLA-C 2416 498 1.37 (1.11-1.70) .004

Total Class II 2416 498 1.14 (1.08-1.20) <.001

    HLA-DR 2416 498 1.21 (1.10-1.32) <.001

    HLA-DQ 2416 498 1.17 (1.09-1.26) <.001

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, BPAR: biopsy-proven acute rejection

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

Supplementary Material Table S22. Multivariable Hazard Ratios for ten saAA mismatches on 

BPAR from clinically indicated biopsies (excluding protocol biopsies)
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2413 884 1.12 (1.08-1.15) <.001

Total Class I 2413 884 1.12 (1.04-1.19) .001

    HLA-A  2413 884 1.11 (1.01-1.22) .038

    HLA-B  2413 884 1.26 (1.06-1.50) .009

    HLA-C 2413 884 1.25 (1.06-1.48) .008

Total Class II 2413 884 1.12 (1.08-1.17) <.001

    HLA-DR 2413 884 1.15 (1.07-1.24) <.001

    HLA-DQ 2413 884 1.17 (1.10-1.24) <.001

Supplementary Material Table S23. Multivariable Hazard Ratios for ten saAA mismatches on 

hierarchical composite endpoint*

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, HLA: Human Leukocyte Antigen

* Hierarchical composite endpoint consists of death-censored graft failure, biopsy-proven acute rejection, 

and de novo donor-specific antibody development

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA, and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2413 337 1.12 (1.06-1.18) <.001

Total Class I 2413 337 1.19 (1.08-1.32) <.001

    HLA-A  2413 337 1.18 (1.01-1.38) .039

    HLA-B  2413 337 1.42 (1.09-1.86) .010

    HLA-C 2413 337 1.53 (1.18-1.98) .002

Total Class II 2413 337 1.11 (1.04-1.18) .001

    HLA-DR 2413 337 1.16 (1.03-1.31) .015

    HLA-DQ 2413 337 1.14 (1.04-1.25) .004

Supplementary Material Table S24. Multivariable Hazard Ratios for ten saAA mismatches on 

DCGF

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, DCGF: death-censored graft failure, 

HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2413 555 1.10 (1.06-1.15) <.001

Total Class I 2413 555 1.14 (1.05-1.24) .002

    HLA-A  2413 555 1.10 (0.96-1.25) .160

    HLA-B  2413 555 1.47 (1.19-1.84) <.001

    HLA-C 2413 555 1.25 (1.01-1.55) .043

Total Class II 2413 555 1.10 (1.05-1.16) <.001

    HLA-DR 2413 555 1.15 (1.05-1.27) .002

    HLA-DQ 2413 555 1.12 (1.05-1.20) <.001

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, BPAR: biopsy-proven acute 

rejection, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%

Supplementary Material Table S25. Multivariable Hazard Ratios for ten saAA mismatches on 

BPAR
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

Total (Class I + II) 2413 314 1.20 (1.14-1.27) <.001

Total Class I 2413 314 1.15 (1.04-1.27) .006

    HLA-A  2413 314 1.19 (1.03-1.39) .022

    HLA-B  2413 314 1.52 (1.18-1.95) .001

    HLA-C 2413 314 1.35 (1.05-1.73) .020

Total Class II 2413 314 1.27 (1.18-1.37) <.001

    HLA-DR 2413 314 1.32 (1.17-1.48) <.001

    HLA-DQ 2413 314 1.40 (1.25-1.57) <.001

Supplementary Material Table S26. Multivariable Hazard Ratios for ten saAA mismatches on 

dnDSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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Per 10 saAA MM

Patients at risk Events Multivariable HR (95% CI)

a

adjusted p-value

b

    HLA-A  2413 60 2.62 (1.88-3.65) <.001

    HLA-B  2413 54 2.22 (1.23-4.01) .008

    HLA-C  2413 37 3.69 (1.86-7.29) <.001

    HLA-DR  2413 100 2.10 (1.72-2.55) <.001

    HLA-DQ  2413 188 1.85 (1.59-2.15) <.001

A-DSA

Supplementary Material Table S27. Multivariable Hazard Ratios for ten saAA mismatches on 

locus-specific dnDSA

B-DSA

C-DSA

DR-DSA

DQ-DSA

saAA MM: Solvent-accessible amino acid mismatch, HR: Hazard Ratio, dnDSA: de novo donor-specific 

antibody, HLA: Human Leukocyte Antigen

a Multivariable models were adjusted for donor and recipient sex, donor and recipient age, transplant center, 

donor type, cold ischemia time, pre-transplant DSA and repeat transplantation

b Adjusted P-value for multiple testing after applying the Benjamini-Hochberg method with False Discovery 

Rate 5%
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correct wrong total perc. correct wrong total perc. correct wrong total perc.

A 619 92 711 87% 258 32 290 89% 877 124 1001 88%

B 738 115 853 87% 304 53 357 85% 1042 168 1210 86%

C 700 57 757 92% 298 27 325 92% 998 84 1082 92%

DRB1 425 139 564 75% 149 70 219 68% 574 209 783 73%

DRB345 310 158 468 66% 94 41 135 70% 404 199 603 67%

DQB1 903 142 1045 86% 446 44 490 91% 1349 186 1535 88%
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Supplemental material Figure S1. Correlation between HLA antigen mismatches and total saAA mismatche

p=0.711, p<0.001
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