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Fig.1 YM and SWYV of renal cortex,

renal medulla and renal pelvis
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Tab. 1 Baseline characteristic of study population and univariate
analysis results of TAC C0/D [M (Q1,03), x+s, n(% ) ]

U P
Feature Total cohort(n =264)
value  value

Continuous variable
C0/D [ (ng/ml)/(mg/kg) ]
Time after transplantation (day)

92.93(60.48,126.25)
9.00(6.00,13.00)  0.160  0.009
44.79 +12.02 0.194  0.002
61.00(51.00,72.00)  0.418 <0.001
21.55(19.40,24.91)  0.386 <0.001
2.98 £0.59 0.376 <0.001
88.00(81.00,99.00)  0.314 <0.001
0.27(0.24,0.30)  0.251 <0.001
59.86 £6.53 0.043  0.489
37.49 £4.25 0.068 0.270
11.00(8.53,15.58)  0.119 0.053
14.00(9.00,24.00)  0.152  0.014
16.00(12.00,20.00)  0.046  0.461
19.00(14.00,30.00)  0.434 <0.001
185.00(111.25,442.50) 0.357 <0.001
17.06(12.65,24.43)  0.381 <0.001
363.91+114.40  0.128  0.038
174.00(83.00,365.50) 0.050  0.465
0.74(0.69,0.80)  0.369 <0.001
0.70(0.63,0.77)  0.368 <0.001
0.65(0.61,0.71)  0.339 <0.001
0.70(0.63,0.76)  0.387 <0.001
12.30(8.33,15.50) -0.105 0.232
2.02(1.66,2.26) -0.115 0.192
7.97(5.80,13.10) -0.066 0.455
1.62(1.40,2.15)  -0.019  0.829
8.13(5.47,11.40)  0.176  0.044
1.64(1.64,1.95)  0.189 0.031

Age (year)

Weight (kg)

Body mass index (kg/m?)

Red blood cell count ( x10'%/L)
Hemoglobin (g/L)

Hematocrit (1/L)

Total protein (g/L)

Albumin (g/L)

Total bilirubin ( wmol/L)

Alanine transaminase (U/L)
Aspartate aminotransferase (U/L)
Transglutaminase (U/L)

Serum creatinine ( wmol/L)

Blood urea nitrogen(mmol/L)
Uric acid (umol/L)

Brain natriuretic peptide

Renal aorta resistance index
Segmental arteries resistance index
Interlobar arteries resistance index
Arcuate arteriesresistance index
Emedian of renal cortex (kPa)
Vsmedian of renal cortex (ecm/s)
Emedian of renal medulla (kPa)
Vsmedian of renal medulla (cm/s)
Emedian of renal pelvis (kPa)
Vsmedian of renal pelvis (cm/s)

Categorical variable

Gender 11 495.500 <0.001
Male 179(67.80)
Female 85(32.20)
Hypertension 205(77.65)  5309.000 0.153
Diabetes 79(29.92)  9265.500 <0.001
Prednisone 206(78.03)  6509.500 0.297
Calcium channel blockers 191(72.35) 7444.500 0.394
Omeprazole 177(67.05)  6456.000 0.033
Caspofungin 184(69.70) 6 630.500  0.201
Mycophenolate mofetil 181(68.56)  7455.500 0.922
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2, Horp YIZRSEEE TR g R AR i )
FTRRIVERESIE, 3 T R URHIE T4, (5 #h
ML %3 (RF SVR . XGBoost . DT il ANN) i 2Rk 2
ST T 5 A4S TAC CO/D FMAS L F-d P9I 25
A BRI A A S A T T, 5 A T ASE A A
YIEFMELE PR RIILER 3, R® BRI SRR
I PILA R, R B R B A TR 015 350 R B
RMSE J& i) 71] 42t 5 52 by 70 8 14 35 77 1% 25 19 °F J7
R, MAE J& T 551) 20655 S PR 0] 2 22 (8] 0 268 %oF 2 (B
Z 1, RMSE Fl MAE /N3 BH 158 22 8 /N | S A 3
SR . FTUL, S AR RE BRI R A
e pERe s, ZE R4 I R? 9 0.79, RMSE
48.22 \MAE 3 33.37, %} RF B ) 1 2 50001794
iR,5 Prac IR UE MRS I R 5 R LK 3A, 4% L
N B RMSE VR R HATHR R, RMSE S5/ INsf 1)
SR EGVE N BB SEL, BHT ) min node size A
5,miry K2, KBS B G I AR,
193 T FNPE e R AR ) RF B WLIE] 3B, &R
BIZEIZREE) R S 0.93, RMSE N 39. 84 , MAE
20. 41, 7E R AER) R* /9 0. 81 ,RMSE /5 43. 93, MAE
29.97,
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R2 NEEMUREPARABHERERIMQ1,03) xx5,0(%) ]
Tab.2 Baseline characteristic of study population in the training dataset and test dataset [ M(Q1,03), x +s, n(% ) |
Feature Training dataset (n =184) Test dataset (n=380) P value
Continuous variable
CO/D [ (ng/ml)/(mg/ke) | 85.53 (57.79,131.65) 85.57(57.56,129.92) 0.877
Time after transplantation 9.00(5.00,14.00) 9.00(6.25,13.00) 0.789
Age 44.00(37.00,54.75) 45.00(38.00,53.75) 0.442
Weight (kg) 60.00(51.00,72.00) 64.00(51.13,72.00) 0.601
Body mass index (kg/m2) 21.26(19.40,24.91) 22.43(19.64,24.91) 0.434
Red blood cell count ( x10'2/L) 2.96(2.66,3.35) 2.91(2.57,3.30) 0.536
Hemoglobin (g/L) 88.00(81.00,99.75) 87.50(79.25,97.75) 0.465
Hematocrit (/1) 0.28(0.25,0.30) 0.27(0.24,0.30) 0.538
Total protein (g/L) 60.40(55.43,65.60) 60.75(56.45,64.88) 0.962
Albumin (g/L) 37.75(34.85,40.68) 38.95(35.53,40.88) 0.132
Total bilirubin ( pmol/L) 11.10(8.60,15.35) 10.70(8.33,17.00) 0.853
Alanine transaminase (U/L) 15.00(10.00,26.00) 13.00(9.00,21.00) 0.118
Aspartate aminotransferase ( U/L) 16.00(12.00,21.00) 14.00(12.00,19.75) 0.129
Transglutaminase (U/L) 19.00(14.00,30.75) 19.00(14.25,29.60) 0. 865
Serum creatinine ( pmol/L.) 201.50(114.25,460.00) 171.00(110. 20 ,350.50) 0.208
Blood urea nitrogen (mmol/L.) 17.56(12.56,24.90) 16.89(12.77,23.45) 0.762
Uric acid ( pmol/L) 338.50(267.00,410.00) 322.50(250.00,426.75) 0.441
Brain natriuretic peptide 163.00(82.00,367.00) 194.50(83.25,416.50) 0. 605
Renal aorta resistance index 0.73(0.69,0.80) 0.75(0.71,0.79) 0.426
Segmental arteries resistance index 0.70(0.63,0.76) 0.70(0.64,0.77) 0.340
Interlobar arteries resistance index 0.66(0.61,0.72) 0.66(0.61,0.70) 0.720
Arcuate arteriesresistance index 0.69(0.62,0.76) 0.72(0.64,0.79) 0.093
Emedian of renal cortex (kPa) 11.63(7.37,15.50) 12.09(8.30,15.50) 0.624
Emedian of renal cortex (cm/s) 2.03(1.67,2.26) 2.05(1.67,2.34) 0.534
Emedian of renal medulla (kPa) 7.43(5.20,12.79) 8.17(5.87,11.87) 0.391
Vsmedian of renal medulla (cm/s) 1.63(1.46,1.98) 1.63(1.39,2.21) 0.627
Emedian of renal pelvis (kPa) 8.17(5.27,12.05) 8.13(5.72,11.40) 0.769
Vsmedian of renal pelvis (cm/s) 1.62(1.32,1.95) 1.64(1.40,1.94) 0.871
Categorical variable
Gender 0.828
Male 124(67.39) 55(68.75)
Female 60(32.61) 25(31.25)
Hypertension 143(77.72) 62(77.50) 0.969
Diabetes 52(28.26) 27(33.75) 0.371
Prednisone 138(75.00) 68(85.00) 0.071
Calcium channel blockers 132(71.74) 59(73.75) 0.737
Omeprazole 125(67.93) 52(65.00) 0.641
Caspofungin 131(71.20) 53(66.25) 0.422
Mycophenolate mofetil 132(71.74) 49(61.25) 0.092

#3 R?, RMSE, MAE 7l &M ERNER
Tab.3 R?, RMSE and MAE results in the training

dataset and test dataset

TAC ML 25 25 1 SCHR Bk e 2 FEARBF ST
W PRI T 5 A ML RS (RF . SVR . XGBoost .

DT I ANN) BT P BE , I %5 P REFe 4 #Y RF Y

Prediction Training dataset Test dataset

model R*  RMSE  MAE R*  RMSE MAE
RF 0.91 36.67 18.81 0.79  48.22 33.37
SVR 0.88 49.33 21.34 0.71 52.30 37.79
XGBoost 0.81 53.55 34.16 0.59 58.68 38.37
DT 0.58 69.78  41.67 0.58 69.78 41.67
ANN 0.53 68.13 40.12  0.49 90.60 54.31

AN T E R Ty, HET ML S T T A R A 1)

AT TS EORL, A )G 1Y RF BEAIYE B i, 7E
MR 4 th R* & 0.81, RMSE 4 43.93, MAE Wy
29.97,

REAAFSE 7 o g A TAC 124 e JBE Tl s 4l
S L D) BE B S bR 2 A AR R AR, An i AILEF PR R
RFIRIR , 3% LeF8 b 1 KV B B e TR,
PRI BE L A R2 A TAC 25k BER R R SR, thF
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Individualized prediction model of tacrolimus dose/weight-adjusted

trough concentration based on machine learning approach
Jiang Hui', Tang Liang®, Wang Xin®, Jiang Fan', Wang Deguang’, Lan Xiaofeng', Xie Xiang'
(' Dept of Ultrasound , *Dept of Urology, *Dept of Nephrology, The Second Hospital of
Anhui Medical Universty , Hefei 230601 )

Abstract Objective To utilize machine learning ( ML) algorithms to develop accurate and effective prediction
models for TAC dose/weight-adjusted trough concentration (CO/D). Methods Data were collected on 264 TAC
blood concentration monitoring data from 72 patients undergoing kidney transplantation. The effects of population
statistical data, clinical features, combined medication, and ultrasound feature parameters on TAC CO/D were ana-
lyzed. Features with a significance level less than 0. 05 in the univariate analysis of TAC C0/D were selected for in-
clusion in the random forest ( RF) algorithm to identify significant features. These features were interpreted using
partial dependency plots. Five ML algorithms, including RF, support vector regression (SVR), extreme gradient
boosting ( XGBoost) , decision trees (DT) and artificial neural networks ( ANN) , were employed to establish the
TAC CO/D prediction model. Hyper-parameter tuning was performed on the RF model that performed the best. Re-
sults Ten characteristic variables with importance scores >5 were retained and included in the ML, model ; trans-
glutaminase, red blood cell count, blood urea nitrogen, weight, serum creatinine, renal segmental arterial resist-
ance index, renal aortic resistance index, hematocrit, renal pelvic Young’'s modulus value, and time after trans-
plantation. The partial dependence plots showed that all 10 important variables screened were positively correlated
with TAC CO/D. The tuned RF model outperformed the other models with a R” of 0. 81, a RMSE of 43.93, and a
MAE of 29.97. Conclusion The ML models demonstrate good performance in predicting TAC CO/D and provide
innovative interpretations using partial dependence plot. The optimized RF model shows optimal performance and
offers a novel tool for individualized medication adjustment for TAC in renal transplant patients.

Key words kidney transplantation; tacrolimus; doppler ultrasound; partial dependence plot; machine learning;
individualized drug therapy
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