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[Abstract] Objective: To explore the correlation between pathological indicators of renal allograft biopsy and abnormal renal
allograft function at different stages, to evaluate the diagnostic value of pathological indicators in abnormal renal allograft function, and
to establish a model for predicting the prognosis of renal allografts. Methods: This study retrospectively analyzed the clinical data and
pathological indicators of kidney transplant recipients who underwent renal allograft biopsy at the First Affiliated Hospital of Nanjing
Medical University between 2015 and 2018. The total sample was statistically analyzed based on different post-biopsy times Cat biopsy,
1 year after biopsy, 3 years after biopsy, and 5 years after biopsy). Univariate analysis was conducted to screen for indicators that affect
abnormal renal allograft function. The model was established using binary logistic regression to draw a nomogram. Mixed - effects
logistic regression was further applied to investigate the dynamic effects of factors consistently associated with abnormal renal allograft
function across all stages. According to receiver operating characteristic curve (ROC) , corresponding Area under the curve (AUC) and
calibration curve, the discriminant validity and consistency of the model with the actual situation were judged. Results: A total of 121
patients were included in this study. According to the time after biopsy of the transplanted kidney, the total samples were divided into
four groups: at the time of biopsy, 1 year after biopsy, 3 years after biopsy, and 5 years after biopsy. The i score =1 was significantly

correlated with renal function at the time of biopsy and at 1,3, and 5 years after biopsy. The dynamic effects analysis indicated that
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i-score = | was associated with renal function deterioration within five years after kidney transplantation. A nomogram was constructed

based on the above statistical results. The AUC indicated that the model had good discriminative validity. The calibration curve showed

that the predicted probability of abnormal renal allograft function was in good agreement with the actual probability. Conclusion: This

study constructed a nomogram model capable of predicting abnormal renal allograft function at different time points which

demonstrated a good predictive ability and could effectively improve the precision of post - biopsy patient management for renal

transplant recipients.
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Table 1  Univariate analysis between the normal graft function group and the abnormal graft function group at different

post-biopsy times

o At biopsy Post-biopsy year 1
Characteristic CKD stage 1(n=36)  CKD stages 2-5(n=85) P CKD stage 1(n=47)  CKD stages 2-5(n=74) P
Median age at biopsy 39.50(34.25,48.25)  39.00(32.00,46.000  0.473 39.00(32.00,45.000  41.00(33.00,46.00)  0.458
[years, M(Pas, P5s) ]
Male[n(%)] 28(71.78) 66(77.65) 0.987 38(80.85) 56(75.68) 0.505

Median postoperative time 174.00(15.00,420.00) 135.0020.00,258.00)  0.894 115.00(15.00,314.00) 144.00(22.00,308.25) 0.420
[d, M(Pss, P:5)]

Number of transplants[n(%) ] 0.554 0.425
1 36(100.00) 82(96.47) 47(100.00) 71(95.95)
2 0(0) 3(3.53) 0(0) 3(4.05)
Donor source[ n(%) ] 0.999 0.999
DCD donor 35(97.22) 83(97.65) 46(97.87) 72(97.30)
Living related donor 1(2.78) 2(2.35) 1(2.13) 2(2.70)
DGF[n(%)] 2(5.56) 16(18.82) 0.061 3(6.38) 15(20.27) 0.036
History of rejection[n(%) ] 2(5.56) 11(12.94) 0.380 000) 13(17.57) 0.002
FK usage[n(%)] 30(83.33) 62(72.94) 0.221 34(72.34) 58(78.38) 0.448
Rapamycin usage[n(%) ] 1(2.78) 15(17.65) 0.056 3(6.38) 13(17.57) 0.077
Tguratimod usage[ n(%) ] 3(8.33) 10(11.76) 0.813 5(10.64) 8(10.81) 0.976
i score =1[n(%) ] 15(41.67) 63(74.12) <0.001 23(48.94) 55(74.32) 0.004
t score =1[n(%) ] 6(16.67) 25(29.41) 0.142 10(21.28) 21(28.3%) 0.383
pte score =1[n(%) ] 16(44.44) 62(72.94) 0.003 25(53.19) 53(71.62) 0.039
g score =1[n(%)] 10(27.78) 33(38.82) 0.246 12(25.53) 31(41.89) 0.067
ci score =1[n(%) ] 4C11.1D 18(21.18) 0.189 4(8.51) 18(24.32) 0.028
HLA- I antibody MFI 655.56(0,2 993.23) 0€0,753.60) 0.007 589.68(0,1705.70) 0€00,747.33)  0.065
[M<P257P75)]
HLA-1I antibody MFI 0€0,0) 0€0,531.67) 0.458 0€0,0) 0€0,759.53) 0.025
[M<P257P75)]
o Post-biopsy year 3 Post-biopsy year 5
Characterisic CKD stage 1(n=44)  CKD stages 2-5(n=77) P CKD stage 1(n=39)  CKD stages 2-5(n=82) P
Median age at biopsy 38.00(32.00,45.000  41.00(33.00,46.000  0.391 37.00(31.50,43.00)  42.50(33.00,46.00)  0.102
[years, M(Pas, Pss) ]
Male[n(%)] 37(84.09) 57(74.03) 0201  34(87.18) 60(73.17) 0.084

Median postoperative time 79.50(15.00,192.25)  176.00(25.00,348.00)  0.070 77.00(15.00,191.50) 179.00(22.00,346.75) 0.052
[d, M(Pss, P:5)]

Number of transplants[n(%) ] 0.999 0.999
1 43(97.73) 75(97.40) 38(97.44) 80(97.56)
2 1(2.27) 2(2.60) 1(2.56) 2(2.44)
Donor source[n(%) ] 0.473 0.550
DCD donor 44(100.00) 74(96.10) 39(100.00) 79(96.34)
Living related donor 0€0) 3(3.90) 0€0) 3(3.66)
DGF[n(%)] 3(6.82) 15(19.48) 0.060 2(5.13) 16(19.51) 0.038
History of rejection[n(%) ] 0€0) 13(16.88) 0.010 0€0) 13(15.85) 0.020
FK usage[n(%) ] 33(75.00) 59(76.62) 0.841 30(76.92) 62(75.61) 0.874
Rapamycin usage[n(%) ] 4(9.09) 12(15.58) 0.310 3(7.69) 13(15.85) 0.215
Iguratimod usage[n(%) ] 6(13.64) 7(9.09) 0.637 5(12.82) 8(9.76) 0.846
iscore =1[n(%) ] 21(47.73) 57(74.03) 0.004 19(48.72) 59(71.95) 0.013
tscore =1[n(%) ] 8(18.18) 23(29.87) 0.157 7(17.95) 24(29.27) 0.183
pte score =1[n(%) ] 20(45.45) 58(75.32) <0.001  18(46.15) 60(73.17) 0.004
g score =1[n(%)] 10(22.73) 33(42.86) 0.026 9(23.08) 34(41.46) 0.048
ci score =1[n(%) ] 3(6.82) 19(24.68) 0.014 3(7.69) 19(23.17) 0.039
HLA- T antibody MFI 294.84(0, 1 544.66) 0(0,836.23) 0.125 00,2 173.93) 0€0,764.66) 0.121
[M<P257P75)]
HLA- I antibody MFI 0€0,0) 0€0,856.05) 0.003 0€0,0) 0€0,759.53) 0.012

[M(P257P75)]
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Table 2 Multivariate analysis associated with abnormal graft function at biopsy

Characteristic Regression coefficient S.E A P OR(95%CD

HLA-I antibody MFILM(Pss, Pss) ] 0 0 -1.57 0.116 1.00(1.00-1.00>
i score[n(%) ]

0 1.00

=1 1.00 0.45 2.21 0.027 2.73(1.12-6.63)
pte score[n(%) ]

0 1.00

=1 0.86 0.45 1.90 0.057 2.3500.97-5.69)

OR: odds ratio; CI: confidence interval.
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Table 3  Multivariate analysis associated with abnormal graft function in the first year of post-biopsy

Characteristic Regression coefficient S.E Z P OR(95%CD
i score[n(%)]
0 1.00
=1 1.25 0.42 2.97 0.003 3.50(1.53-8.01)
History of rejection[n(%) ]
No 1.00
Yes 17.40 1032.04 0.02 0.987 36 151 160.57(0.00~Inf)

DGF: delayed graft function.
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Figure 1 Nomogram model for the risk of abnormal graft function in the first year of post-biopsy
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A:ROC curve of the nomogram model in the first year of post-biopsy. B: Calibration curve of the nomogram model in the first year of post-biopsy.
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Figure 2 ROC curve and calibration curve of the nomogram model in the first year of post-biopsy
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Table 4 Multivariate analysis associated with abnormal graft function in the third year of post-biopsy

Characteristic Regression coefficient S.E Z P OR(95%CD
HLA-II antibody MFI 0 0 1.65 0.100 1.00(1.00-1.00)
History of rejection

No 1.00
Yes 17.78 1559.74 0.01 0.991 52 865 863.83(0.00-Inf)
i score[n(%)]
0 1.00
=1 0.95 0.46 2.05 0.040 2.58(1.04-6.40)
ptc score
0 1.00
=1 0.73 0.46 1.60 0.110 2.07(0.85-5.06)
Poins L S U U U U ——
HEA-I antibody MFL - ="000"2000 6000 8000 10000 12000 14000 16000 18000 20000 22000
i score (‘)—|1
pte score (‘)—|l
History of rejection 6 ]u
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Figure 3 Nomogram model for the risk of abnormal graft function in the third year of post-biopsy
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Figure 4 ROC curve and calibration curve of the nomogram model in the third year of post-biopsy
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Table 5 Multivariate analysis associated with abnormal graft function in the fifth year of post-biopsy

Characteristic Regression coefficient S.E VA P OR(95%CI)
HLA-II antibody MFI 0 0 1.65 0.098 1.00(1.00-1.00)
History of rejection

No 1.00
Yes 17.56 1543.69 0.01 0.991 42 230 220.400.00—Inf)
1 score
0 1.00
=] 0.88 0.44 2.01 0.044 2.42(1.02-5.72)
History of DGF
No 1.00
Yes 1.31 0.81 1.61 0.106 3.69(0.76-18.06)
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Figure 5 Nomogram model for the risk of abnormal graft function in the fifth year of post-biopsy
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Figure 6 ROC curve and calibration curve of the nomogram model in the fifth year of post-biopsy
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Table 6 The dynamic effects of i-score on renal function

Characteristic Regression coefficient S.E A P OR(95%CD

Post-biopsy time

0 1.000

1 year -2.512 6.941 -0.362 0.717  0.081(0.000-65 546.586)

3 years -20.151 41.134  -0.490 0.624 0.000€0.000-Inf)

5 years -1.224 30.707  -0.040 0.968 0.294(0.000-Inf)
i score[n(%)]

0 1.000

=1 1.793 0.497 3.607 <0.001 6.009(2.268-15.922)
Interaction: post-biopsy time (years)X i score

0 * i score 1.000

1 *1iscore 7.528 9.443 0.797 0.425 1859.628(0.000—Inf)

3 * i score 27.628 56.001 0.493 0.621 Inf(0.000-Inf)

5 * 1 score 7.871 41.484 0.190 0.849 2620.664(0.000—Inf)
Constant term 0.006 0.361 0.018 0.986 1.006(0.496-2.042)
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