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Abstract: The goal of this work was to establish a population pharmacokinetics (PPK) model of tacrolimus
in idiopathic membranous nephropathy (IMN) patients and to identify potential covariates that influence pharma-
cokinetic of tacrolimus. A total of 610 data points on the blood concentration of tacrolimus were collected from 96
IMN patients in routine clinical settings. Nonlinear mixed-effect modeling (NONMEM) was used to investigate the
effects of CYP3A5 genotype, age, gender, weight, laboratory tests and co-therapy medications on the pharmaco-
kinetic of tacrolimus. The PPK model was evaluated by the goodness-of-fit (GOT), bootstrap and prediction
corrected visual predictive check (pc-VPC). The pharmacokinetic of tacrolimus was described by a one-compartment
model. The apparent clearance (CL/F) of CYP3A5*1/*3 and *1/*1 were 1.57 and 1.86 times of that of *3/*3,
respectively. The CL/F of tacrolimus was 73.6% in patients undergoing co-therapy with Wuzhi capsules, and 1.2
times than that of the patients undergoing co-therapy with Jinshuibao capsules. The evaluation of the model shows
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that the model is stable and has satisfactory predictive performance. The clinical trial was approved by the Society
of Ethics and conducted in Binzhou Medical University Hospital. The established PPK model can describe the
pharmacokinetic characteristics of tacrolimus in Chinese patients with IMN, and can facilitate individualized therapy

with tacrolimus.

Key words: idiopathic membranous nephropathy; tacrolimus; population pharmacokinetics; nonlinear mixed

effect modeling; drug-drug interaction
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Table 1 Demographics and clinical characteristics of patients. ?Presented as number of patients (samples) and percentage of samples

Characteristics Mean + SD Median (range)
Number of patients (male/female) 96 (51/45) /
Number of tacrolimus samplings 610 /
Tacrolimus daily dose /mg-day* 2.827 £ 0.792 3(1-4.5)
Age lyears 37.63 £ 13.59 35 (15-71)
Body weight /kg 70.81+12.69 70 (47-115)
CYP3A5 (AA/AGIGG) 10/40/46 /
Leukocyte /nL* 13.05 + 3.69 12.83 (4.67-25.64)
Erythrocyte /pL* 4.69 +0.58 4.67 (2.54-12.8)
Hemoglobin /g-L* 139.5 +15.95 141 (75-182)
Platelet /pL* 27.79 £ 7.49 27.3 (6.8-66.9)
Albumin /g-L* 34.65+ 7.26 35(13.9-52.4)
Alanine transaminase /U-L* 26.35+18.9 20.6 (6.4-194.6)
Aspartate transaminase /U-L* 18.4+7.78 16.8 (6.7-100.2)
Urea nitrogen /mmol-L™* 579+2 5.44 (2.44-16.2)
Serum creatinine /umol-L* 65.47 £13.3 63.9 (32-113.3)
Uric acid /mmol 374.4+102.4 361 (134.8-843.4)
Co-therapy medications ?
Vitamin D calcium chewable tablets (0.3 g, qd) 96 (583) 74.8%
Wuzhi capsule (11.25 mg, tid) 92 (586) 75.2%
Calcitriol capsule (0.25 pug, gn) 98 (594) 76.3%
Jinshuibao capsule (0.99 g, tid) 46 (181) 23.2%
Ambrette capsule (1.5 g, tid) 76 (300) 38.5%
Bailing capsule (1.0 g, tid) 53 (208) 26.7%
Dipyridamole capsule (50 mg, tid) 80 (471) 60.5%
Prednisone acetate (10-60 mg per day) 96 (575) 73.8%
Enalapril maleate (5 mg, qd) 35 (141) 18.1%
Valsartan (80 mg, bid) 41 (200) 25.7%
Atorvastatin (20 mg, gn) 60 (190) 24.4%

2% #E (ambrette capsule). 4R #E (bailing capsule).
FEERIK JE 2 (prednisone acetate) XU IAEE (dipyridamole
capsule). #7048 (valsartan). fi[¥E & fth T~ (atorvastatin).
AR F (enalapril maleate) 11 .
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Figure 1 Goodness-of-fit plot for the base model (A) and the final model (B). DV: Dependent variable (observed concentration); IPRED:

Individual prediction; PRED: Population prediction; CWRES: Conditional weighted residual
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Figure 3  Prediction-corrected visual predictive check (pc-VPC)
of population pharmacokinetic model. Hollow dots represent
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Table 2  Population pharmacokinetic parameters estimated by NONMEM and bootstrap. RSE: Relative standard error (%); CYP3A5 AG:
Carrier of CYP3A5 AG; CYP3AS5 AA: Carrier of CYP3A5 AA; JSB: Jinshuibao capsule; Wuzhi: Wuzhi capsule. Bias %= (Bootstrap - NON-

MEM) / NONMEM x 100 %

With ISB

:

(912 h) 4525 )5 ik br R N 1 mg (912 h) 4525 77 & 11
1.41%, N47.3%.
il 7 B H] | LR R FE AN G K IR FE = A I At

Parameter NONMEM Bootstrap Bias /%
Estimate RSE/% Median 2.5%-97.5%
K, /ht 45 / 45 / /
CL/F /L-h? 9.7 8.1 9.78 7.98-12.06 0.82
Impact of CYP3A5 AG 1.57 7.1 1.56 1.36-1.82 -0.64
Impact of CYP3A5 AA 1.86 6.4 1.86 1.63-2.13 0
Impact of JSB 1.2 49 1.2 1.09-1.33 0
Impact of Wuzhi 0.736 4.7 0.73 0.65-0.8 -0.82
VIF /L 193 22.1 195.32 114.38-369.3 1.2
Inter-individual variability
CL/F /% 253 8.8 24.5 20-28.3 -3.16
Residual variability
Proportional error /% 31.6 9.7 31.6 26.5-36.1 0
Additive error 1.20 34.7 1.35 0.13-3.02 12.5
Without Wuzhi With Wuzhi FI*1/*1 BRI B B35 2 mg (ql2 h) 45245 77 RiE AR R
: & (439 48.4% F1 41.3%).
b 7 B = 5 <K R BRI, CYP3AS*3/*3 2k [A]
! R, R4 2507 S UK BE KR A IE, 49 5
% E 43.3% £ 40.7%; CYP3AS5 *1/*3 3 [A 7 i % 2 mg q12h
£ = g o s N SN
F, g TR S 9425 )7 S 5 %8 1 mg (12 h) & 2507 R4 15,
£ BT — 40.4%; T CYP3AS*1/*1 Kk [K] HY 1) .35 W F 45 24 7 &%
g ;Gar‘sf’ﬂ 0 R FE 5 s # 35) AR 3K 30%, 3X 55 46 7K M0 AR A 7 5 7]
£ GA (*1/*3) . e
¥ Doy OB ARE
g i 5 35 7] &5 ) 1L B FS JE I, CYP3AS*3/%3 flI*1/*3
g JEDAR 8%, 1 mg (12 h) 4 2577 A IR LT S
g LI, 21 45%; CYP3AS *1/*1 3 [K % % 2 mg
0s

Tacrolimus dose / mg | .
Figure 4
troughconcentrationsfor CYP3A5AA (*1/*1), GA(*1/*3), GG (*3/*3)
on 0.5, 1, 2 mg g12h regimens for the no drug combination, only

Boxplot of the distributions of simulated tacrolimus

co-administration with JSB (Jinshuibao capsule), only co-adminis-
tration with Wuzhi (Wuzhi capsule) and co-administration with JSB
and Wuzhi groups in idiopathic membranous nephropathy patients.
Middle bold horizontal bars of the boxes represent median trough
concentration, whereas the outer boundaries of the boxes represent
the ranges of the 25" and 75™ percentiles. The whiskers represent
the maximum and the minimum values of trough concentration.
Black dots represent the outliers
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T FLAIE 52 CYP3AS [ 35 [ 22 25 1 B 0% 52 Wi b 5 5
A (1R, CYP3A4 X ih 5 54 =] il 2 ¥k FE 1) 5% W) (v G
WY 45 182228, IMN & & o ) CYP3AS*1/*1 Hil *3/*1
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14 i1 30% F1 85%[24251, AHIF 5T 45 At o B A o
TLE] I, Bk F 50% (1 H AR ¥ JE, CYP3AS *3/*3 i
BRI mLE 2T &, AL S SE IR ) B R
&, 20T 2 mg.
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