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Abstract: Tacrolimus is commonly used in the treatment for the refractory primary nephrotic syndrome
(PNS) in the pediatric patients. Data were retrospectively obtained from 100 children with 357 tacrolimus trough
concentrations in our center between May 2010 and March 2016. Information of age, sex, body weight, drug
dose, co-therapy medications, laboratory tests and sampling time were collected. The population pharmacokinetic
model was developed using nonlinear mixed effect modeling (NONMEM) software. A one-compartment model
with first-order absorption and elimination best described the data.  The population estimate of apparent clearance
(CL/F) and apparent volume of distribution (V/F) was 6.54 L-h™ and 86.2 L, respectively. Body weight (WT, kg),

Wk H #: 2017-07-15; &8l H #: 2017-08-30.

REWH: BxA%RREEETE LHH (81573505); L DA E R EEH AR R ITRIZIBH (20162B0301-01).
* @I Tel: 86-21-52888712, E-mail: zjiao@fudan.edu.cn

DOI: 10.16438/j.0513-4870.2017-0639



. 264 - 2% %3] Acta Pharmaceutica Sinica 2018, 53 (2): 263 -270

daily dose of tacrolimus (DD, mg-day ") and co-therapy azole antifungal agent have a significant impact on the

CL/F. Thefina PPK model of CL/Fwas. CL/F = 6.54><(M]K x(ET-zgsxo.GS?Am'e, K :LM.

25 15 WT-%09 110.4-%9
When combined with azole antifungal agents, Azole was 1, whereas vice versa was 0. This is the first PPK
study of tacrolimus conducted in pediatric patients with PNS, which may facilitate individualized drug therapy
of tacrolimus.
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FER 2455 (population pharmacokinetics, PPK)
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o B I 24 U RE R M I K, R AR MR TR A AL
R E (nonlinear mixed effect model, NONMEM) %
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BEMBEARWE AT REE #2010 4 5
H % 2016 4F 3 H [T Wil K5 B5 2% b i g ) L 28 PR Bt
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Ireland Co., Ltd.) MyEE TRl NikEE RFE <18
Ji 8 AVERIAIR . HEBRARAE: BrA ) LECE 720, KM
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FESE o AT TT RE WL R F = B g ) L & Fe e
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il 5w B =) A2 4 45 24 H 7 50~100 pg-kg ™,
gy 24k, B 12h Oik—k, BEERE 2K E (H
bRy 5~10 ng-mL™Y) WL ZHIE. BILESLR
e A [ —F s 2 3R 5, REBRMARH
Fbk 4 2 mL BT 2 Z VY 48R (ethylene diamine
tetraacetic acid, EDTA) Bt . [Al I Y 8L 2 K 8L
FIAERS . PRSI, S, fRE. e s, & H
25 UL B B Th e S5 S 00 s A A 4 L o LA B /N ERE
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X1 kNEE, <2 P, k=40, >2 5 Lt
2~12 % 5k, k=49; =13 & 1t k=62,

Aty T B 8 0L 245 9 PR ks N SR FH T TSR e 2 W
% (enzyme multiplied immunoassay technique, EMIT);
WAL N VivaeE H3IE T (Siemens Health-
care Diagnostics Inc., Germany); 52k 8 EMIT®
2000 KX 7 (Siemens Healthcare Diagnostics Inc.,
Germany) . & I B P2 A% 4% HE T R U B BT« A
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HEEY) /N T 20%.
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NONMEM® (Version 7.3, Icon Inc, PA, USA) #l
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http://www.r-project.org) #1 Xpose (Version 4.5.0,
Uppsala University, Sweden, http://xpose.sourceforge.
net) AT 4 BRI ALAL VEAN o BEAR 24 3 2 A bR
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(apparent total clearance, CL/F) F1 3 W 7 A % 1
(apparent volume of distribution, V/F).
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A B SCPARE  0ER 5 Bi, IR AT o AR
BJ5 5B EL L, OFV KT K T 6.63 1 (5
46, P<0.01, df=1), Z SRR P RE . FH)
AR B, 37 RS S il LB RS A& B .

B AR B IR A (3 4. 5) BiFEH (X
6) AR —BEATEEE, T4y AN AR SR HY EL A
B07, BRI DB BEATE 5

F{:TV(P)+9><( COV) (4)

CoV

m

AIE R e A e 55 ] (RO 25 ) 2 T 5T - 265 -
R =TV(P)+6x(COV —COV,,) ®
6
R :TV(P)X[ cov j (6)
cov,,
R=TV(P) ik @
P=TV(P)x6 Ztk

E 0 AR SH R mTLE; COV A
FAMERI A BAE; COV y A AR 5 v o 25 {7 ki i
s L YA

BbAh, 1) L3 Hr AR R B R R 2 B S A R R
K%, HOHE SCHR, #h7es R (R 8)™ 1k
AR B (bodyweight dependent exponent
model, BDE, X 9)™* *VHI4E I i ity R BB A (age
dependent exponent model, ADE, =X 10)*4,

075
WT
P :TV(P)X(WT J X Pt ?

m

1 (8)
1+ (Age}y
Kso
wt )
WT,
__WTI 9
WT? +kZ,
WT JK,

m

Fra =

Pi:TV(P)x[

Pi:TV(P)x[

__Age (10)
Age’ + ki,

DL b WT g4 8 WT A4 5 o fir % e st
TUE; Froa 2 AL T 9 A RIRHL, B IER
2 Age NHFERE; KM K SR AL, Keo M M B BIAE 1S
N B& 50% T 1 R AL

WRNTN SR =R AR B A R AT VAN
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Hk, KH 2000 ¥ H2%47% (Bootstrap) =5 5B 2
Hfil OSBRI B e e M o B B8R — R AR EOR
FEREAR o FL 2 9 A n A 5 308 B2 A ] 3 e L
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5 R U T 4 A AT i R DOPE I B B S
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RN BT RAE MBS HAL B, NSRRI
4, (Monte Carlo Simulation) 7= 2 000 & %
WA, FAE BN G T 27 Ao 6 28 S e A0 Tl R 22 1)
I3 . AR AT, U NPDE %189 0 (Wilcoxon
Frg BRIk IR) . 525 1 (Fisher 7 2K 50) A&
IEA A (Shapiro-Wilks IEZ kL) . ZiEH R
BAEK) NPDE 4L (Version 2.0, www.npde.biostat.fr)

SEK

R

2 E DN

AN 100 4 PNS &)L H 357 /Mt o 52 5]
B AT BRI BT . b SR S 2
9 57.6+22.7 ug-kg “day t, SFIHIRIKE N 6.3+3.7
ng-mL~. BN D2 RISE G S 46 2 7R ILER 1.
2 BEAARFIRE
21 ERRED i TR AR ik ik ZE 5 A 1A
HAEFE A (362.2%), H OFV 1Y FF% 0.374 (P<
0.05) . MUk #e LU 5k ZE 15 1Y, CL/F A VIF R34 g g
B4 %8 713 L-h 1 132 L.
22 WhEERRE AHAERNHLECHE: O A
F12f: PRSI (SEX). 4E# (AGE). fAE (WT). fth g 5L
Al HiflE (DD); @ stie=4ebr: LL4MER (HCT).
MK HEEH (ALB). MFLEH (TP). REARRKE
2 (AST). MALEF (SCR). B/NEkjEL % (eGFR);
® &I PEEESER. SIEEE AR Mt
HEHZ.

RTINS T R AR E . HA &, & MR A

W2 AAMBEFNE B LR E. AE, FiE
THBRER R ERIT: AR T & ol A K
52 398 FEE A TR R4 4 A 6% 1) i O TR, A AR S P 4
TR 1) ik SRS i B H. OFV B A 3 ) 531 kv
R T 0 g0 f AR CAAE, oAb P AR 2 35 5 O 9 7
% CLIF A e,
23 WEER KA ZORYCRE BRI — =LA AT
IR 7 BEF4E )L #E PNS W I 25 B 2010 . e KA
RUE) CLIF A VIF (A g R 43 5]y 6.54 L-h il
86.2L. mARIAIN) CL/IF WI'R:
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%
WT %
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Table 1 Demographics and clinical characteristics of patients.
%Presented as number of patients (samples) and percentage of
samples; "Total daily prednisone dose, with methylprednisolone
dose immerged after standardization

Characteristic Mean + SD Median (range)

Number of patients (male/female) 100 (75/25) -
Number of tacrolimus samplings 357 -
Agelyears 77+34 7.8(1.3-15.9)
Body weight/kg 274+123  233(10.0-68.0)
Height/cm 1150+19.1  112.0 (76.0-171)
Tacrolimus daily dose/ ng-kg 576+227 536 (8.6-125)
Tacrolimus daily dose/mg 14+0.6 15(0.25-3.5)
Tacrolimus concentration/ng-mL™* 6.3+37 5.3(2.0-29.2)
Sampling time after last dose/h 11.97+0.3 11.97 (11.5-12.25)
Hemoglobin/g-L™* 136.7+134 138.0(87.0-173)
Haematocrit/% 412+42 412 (26.1-52.4)
Albumin/g-L™? 282+100  282(9.3-48.1)
Total protein/g-L™* 480+11.1  480(21.1-79.2)
Aspartate transaminase/U-L 422+225  380(11.0-171)
Total bilirubin/pmol-L™* 44+48 32(0.3-43.3)
Serum creatinine/umol-L™* 365+149 350 (4.0-107)
Urea nitrogen/mmol -L~* 40+18 3.6 (1.5-18.1)
Creatinine clearance 179.3+96.6  162.1(56.8—-1164)

/mL-min*1.73m™
Co-therapy medications

Corticosteroid® 100 (315) 88.2%

Corticosteroid daily dose®mg 15.0+10.8 15.0 (0.0-50.0)
Calcium channel blockers

Diltiazem?® 28(98) 27.5%

Amlodipine® 10 (30) 8.4%
Azole antifungal agent

K etoconazole® 6(18) 5.0%

Fluconazole® 1(5) 1.4%

MEEPTEE 251 Azole N 1, RZ A 0. &R S
B BRI RSB R THE LR 20 A, b
WREEREY], HRE KT 12kghf, fAEXT CLIFE
PARTE S AR
2.4 HEENEM FERIERR A LA R A K
W 1. R SRR, &R
HEA B G, SLMMEXT PRED #1 IPRED # 5
WIS H RS MESHEL (y=X) Fll, CWRES
X PRED AT [a] 550 B o o] WLBE 22 (1) fU%67E 0+ 2
ZIA], 3 F AR PO P T AT
NPDE 25 LK 2, fu4E: © Q-QKl: S4AhfE
AL LB S AR AR A L Wi ; @ NPDE H) B 7
B 2 IE&4 G, @ NPDE X[ /E B @ NPDE Xt
PRED [, #4851 761E +1.96 NPDE ', F:7E
90% X [H] N« Siit#Au i B NPDE ¥J{E°8 0 (P=
0.927). 7 %M 1 (P=0.187) fi& &4 (P=0.137),
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Table2 Population pharmacokinetic parameter estimates by NONMEM and Bootstrap. RSE: Relative standard error (%); CL/F: Typical
value of apparent clearance; V/F: Typical value of apparent distribution volume; DD: Daily dose of tacrolimus; Azole: Azole antifungal

agent. Bias% = (Bootstrap — NONMEM) / NONMEM x 100%
NONMEM Bootstr: .
Parameter - - ad Bias/%
Estimate RSE Median 2.5%-97.5%
ka/ht 4.48 - 4.48 - -
CL/F/L-h? 6.54 13.3% 6.73 5.20-8.94 291
Theimpact of DD -0.293 21.8% —0.296 —0.433 - -0.165 1.02
Theimpact of Azole 0.657 6.6% 0.667 0.574 - 0.850 152
y -30.9 41.4% -31.53 —095.68 — —4.242 2.04
kso 10.4 1.2% 10.38 154-11.97 -0.19
VIF /L 86.2 34.2% 93.44 51.12 — 244.99 8.40
Inter-individual variability
CL/F /% 275 20.3 274 25.2-46.4 -0.15
Residual variability
Proportional error /% 359 10.8 35.6 30.3-44.2 -0.84
a 304 304 304 30
_ 2 254 25 25
o O | i
£ 20 £ 204 £ 20+ £ 20
2 I 20 ! - é;
= 1549 4 "5 S5 e = 15- <154 2
10 B ] 104 104 . 4% &
ge° — S8 Vi
5 g ¥ 5 TP of KT
S 10 15 2 25 30 5 10 15 20 25 a0 5 10 15 20 25 30 5 10 15 20 25 30
IPRED /ng *mL"! PRED /ng -mL"! IPRED /ng-mL"! PRED /ng ‘mL"!
5 5 5
2. ...o ...... i o === o R ;‘— P_ﬂ - ..I_- :
o a . g (72 pdtp, "~ w
AETE N _§ g, iﬁ ' s B
] ! » | B | Bty o
= I l ! : - = ﬁ' 4 =
2T T T =¥ T T - - =] T T T =J T T T T
5 10 0 10000 20000 30000 5 0 15 1] 10000 20000 30000
PRED /ng -mL"! Time after dose /h PRED /ng -mL"! Time after dose /h

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: Conditiona weighted residual
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Figure 2 NPDE of the fina PPK modéel.

NPDE; b: Histogram of the NPDE; c: NPDE versus time after

dose; d: NPDE versus PRED. NPDE: Normalized predictive

distribution error
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6.54 L-h™, S[E P4 LERAE B H KRB R BT AA .
WHEAERE: JLEMFBMEEE CLIF 4 5.72~129
L-h P 0720 s S R M % CLIF O 11.98~17.5
L-h P22 gk RO L PNS B At sE 22 5] (1)
FRIERFET LB E S, JLE PNS HH K
B A0/ 9 B 11 Atk v 5 E] B Tk B RS A AR
FAFE EARIRBE . X 51 R SE BRI AHTE, 18 JLE
PE M A e 5w 7 100~150 pg-kg tday T
& ) T 18 253073 i AR Y A A B 4 A o
B HH &N 57.6+22.7 ug-kg day . UK HIF
B B O A O B BE A BT 9 B2 3 eh g i S
ARWFFCIE L, PRE &M CLIF (I EERN KL
—: Mk E <12 kg I, CL/F Fifi 5 44 2 (186 ki 389 K.
XMIE RS JLEMERK KT IR L. L4
(s PEAE BT A )L AR 58, TS iz g, £ 2~3
B (REZ) 12 kg) AER A KT, A7
SERIL RN ARKE >12 kg i, X T CLIF B LR #HF
i o 3% 55 i N B A HR P 5 SRARE Y, T g L
A s A IR BRI . e HAES
CL/F Z [AMFAEAR St ) IEAH DG, HFRIEBK, CL/IF
o X5 — LR NS B R AR A 0%, T
BE A2 R T il o SR AR VA R R, R ORI DR A

I A B
fh T2 2 CYP3A4/S [fCHEY, thi2miE
P-¥E I AMERENIEY . %2551 2 258 A B

YEFAE N KL BT 78 ©A e, an bl B2 BT
e N5 D= M i LA N 710 251/ i < I N
B 0 3 7~ G FH W S e 3 1 24 e 3 PR AT At o B ] 1Y
TERR, A R R e B R0 e R At e SR ) CLIF A
KA 64.9%. i JE e FE M35 CY P3A4/5
R SRR 0], A At v 5 ) P A 52 3] 4 3 o) o DA
BEE R b G B R SIS 0 3 B 245 1 b, i A
T2 rFORE B R | SRR G I — R AT o AT, AT
FE AR SR BT 78 v 3k — 2 25 SEAN [R] ML SR 1 L TR 250 1)
SO HEAN, AHEFUAR WHE R PUER (RJER . K
Je )~ e IE FE AR (AT HURBR ) BIsm,
ATREA BT RE PSR H 2 BUMC (klk ettt 15.2+
10.9 mg-day ™). 4538 P 7R 7E JLE PNS i A B
B AE X5} AR I B

fih 3 SR AE A R E B S A g G, AR
— g NS9O L s R R A TR U Al
fEAR 2B I E N 2 . /E)LE PNS B3
o, DAL A R B IR BN T4 R A RN . bE

B R N SR N, F A T I s R A, AL 4i i
AT B T et DR O AR TR AR 40 40 LS B K
A S At 5 5L E] £E )L #E PNS e () CL/F . R T 98 45
RR PG R A B (P> 0.01). AIRER
JE R A FE T PNS £ L2140 i R AR K P-4 b T
IEH R Bl (P 41.2% + 4.2%), R R
ToE G LE AR . 1 Musuamba 25175 5
82 191 ) L 2 T A% A 18 £ 4 R R AR I R 28%, BN TE
18%~44%.

ARHIE 5T R B e O 1 TR IR A, AN N 9 A
PR, PTER AR AL AME A Rl b . Rk, AR
BN CYP3AS*3 [ [ 2 A 1RO 2% )L 8 Ao 4 i
A 3] 25 3l A W R, TR S S AR
B AR AR

g LRTR, AW E R )LE PNS B e
BLE] PPK RREREAT T 5%, R E A i 55 H 7
A MR B B 2 0 R R At 7 B E] 7E JLE PNS
BEPAEFMEERE, NGRS LT
il 2 BEE T A .
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