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Prediction of mycophenolic acid exposure in renal transplantation
recipients by artificial neural network
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Abstract: The paper is aimed to establish an artificial neural network (ANN) for predicting mycophenolic
acid (MPA) area under the plasma concentration-time curve (AUC) in renal transplantation recipients.
64 Chinese renal transplantation recipients receiving mycophenolate mofetil (MMF) were investigated. 10
timed samples were drawn at different days after transplantation. Plasma MPA concentration was determined
by HPLC method and area under curve over the period of 0 to 12 h (AUC_;,1,) was calculated using the linear
trapezoidal rule. ANN was established after network parameters were optimized using momentum method
in combination with genetic algorithm. Furthermore, the predictive performance of ANN was compared
with that of multiple linear regression (MLR). When using plasma MPA concentration of 0, 0.5, 2 h after MMF
administration to predict MPA AUC,_,,, mean prediction error and mean absolute prediction error were —1.53%
and 9.12%, respectively. Accuracy and precision of prediction by ANN were superior to that of MLR prediction,
and similar results could be found when using plasma MPA concentration of 0, 0.5 h to predict MPA AUCy_1 1.
The accuracy and precision of ANN prediction were superior to that of MLR prediction, and ANN can be used to
predict MPA AUC_ p.

Key words: mycophenolic acid; renal transplantation; artificial neural network

A A TG : =R
WeRS B 2009-06.02. FYRIE (mycophenolate mofetil, MMF) &2 %)

RETH: [ RAE G255 U4 (200731). 1% (mycophenolic acid, MPA) K] 2- ZFERESEATHH,
i i Tel: 86-20-87755766-8430, Fax: 86-20-87334586, N TR ) N
AT Tel: 86-20-8° ax: VE Sy — R PuAR 2 S e 3B 26, PR b T B0 A

E-mail: renbinsums @163.com



+ 1398 - Zj27 244 Acta Pharmaceutica Sinica 2009, 44 (12): 1397-1401

B0 . BEBENEER RN .. MMF HikEG 255
552 AR N )02 53 A () R A PR, 56 48 7K A s
AR MPA . MPA THER R BLRAS W5 MPA
ML 2596 JEE S HAR AR N 1) 2 85 255 (AUCo-121) % UIAH
Ko I W MPA Il 25 B2 JH%E MMF 25 2451 & 4
FE R T AR S I EIKC T A R E IR .
AR B2 KA BRRFEE (limited sampling strategy,
LSS), {ERE I 7] 25 R AR 3 8L 4 AN A 52 25 Wik i,
FMH £ e gk v 7 7375 (multiple linear regression,
MLR) 37 A 574 KA MPA AUC,- 125 e

N LAZ M 4% (artificial neural network, ANN)
J2 BH K S 15 P Ak B0 LA RE b Ty R T 3 8 R )
FEEADL AL 4 28 I 3% (1) 5 K R D) B, R 322 282 1) i A\ A
HUR AW N 3 545 B4 R 4P, BP M4 AT
PR P 2 f i FH I — M, lE RS —DNMaAJE S
HE L&A RS E. AEHTEMAGR,
i 2 T g 2 NHE B A B IR, B A
T N2 A 2 22 1), 6 N AR R 3R AT A 3
B AP S 45 B gt )= (B0 — MRS R).

NIt Mag R4 rE . BHZ NPy
Ae i, BAm AR AR PR 2L, AN TR SRR
JE A B, FUT AR 2 2] SE I Bl ar AN
T o AR, RIAT Y2k b 3 FRO R ) T 18] 190 2% 2%
gt WORH A0 T 25 3 2 H0HE 53 B T i 1) AR AR,
HF 258 2 0 AT AMURe 1R AR 43400 AR ] BP
PR WY 4% 4 Grast AR FVA TN MPA 1A N 22 i 255, JF
5 H A R R 22 Je e PE ] VA T LU

MREH*

ARITR WG E A G 1T MPA I
2R B I ¥ E RS AR 2 A, T [l i B LI R B
o SlERiG sh G, AW R0 (4R <60
gL Y. EIRS (WBC < 2.5x10%/L) 8 I Mk
D (iR < 75%10°/L) LA K Sk HE s N
i BB R TR N, B RE .

REMFAR rAEAYTHEBMAS 24 h
W4T MMF (7 fh 4 5%, BR 250 mg, Lg% K
T2 PR A T2 77) . CsA (B FKsoe) B 12 5t
KPR IRIT . MMF FIE 4 0.5~0.75 g,
12 h —K. CsA W RES Zi7 i R 5 megke |,
12 h —Ik, BRIGH 1 NHW CsA BIRIEEHITE
100~250 ng'mL™", % 2. 3 DN HBRIKELE 100~150
ng'mL'. FKso ¥R H R4S 2557 5K 0.1 mgkg ',
12 h — Ik, (A I FRsos 78U FE, K540 M BE 4216l

76 5~15ngmL ™' BEHG 3 HNG T HikET,
K 500 mg, ERKRE, % 4 HEAS D RIRER, BR
30 mg, ¥ 3 NHHRIKER, HEREEK 10~15
mgo

m#RE BEBHZHE TAREARERE (>6 H)
HEAT MPA I Z9RFEIRI, fE—NE2MBEN, Tk
IATLA SR 2G5 0.54 1. 1.5. 2. 3. 4. 6. 8 fil12h
£ 10 AN INFA] A IS B K 3 mL, & T EDTA it
B, 424000 r-min”' B0 B I3, B 37 CHRAT.

MPA MZEREME"Y AL 200 uL, &
1.5 mL B0, I 60 pgrmL " 2589 A4 350 25 pl,
WIETR A 30 s G AT AU R] (FEE-5% ZnSO,,
70 : 30) 200 pL, ¥ JE 1 min, 10 000 r-min ' .0 5 min,
I _E3E W 20 pL HEAE. %4 4 Diamonsil Cig (250
mm x 4.6 mm ID, 5 pum); JEIAHA ZHE5-10 mmol- L™
IR AV (pH 3.0, 50 : 50); KEiE 25 C; ik
1.5 mL-min"; A9 Kk 254 nm. ZEMESEM: 0.1~
50 pgrmL ™',

KRR KB E BN 2 41 YR
AR A

%S HEE R WinNonlin 4.1 F2 %
(Pharsight Corp., CA, USA), PLZiHHikitsi MPA
AUCo- 1 s Crnax A1 T DA

Z I PERARIAL S SOk RIE I 2 A
AUC i Gy ib AR, W 2% B 7R IRZT 5 4 h PRI,
KL AET 3 Mo BE 2, R Statistica 7.0
itk AE (StatSoft, Inc., OK, USA), LAIIZR4 2y
Ji 4 h AT ) A 3R 20 A %6 MPA AUC -, 1
HEAT Z oo e Pkl o0 Ay, Xk
AUCy-1,, = intercept + M xCy + MyxCy, + ++- + MjxCy,

2 intercept A, Cy, Ay HE— Ik 21 (1) 9 5 I 5
18, M TS5

BP ML KM BP & MA b, B2
KHIEY) S BUSE R %, itk =R FI G M0 s 4L,
W& T7iERM &=, LIZR4 MPA AUC-,, 23
B My AR B, LURFE S MMEF . IRZ5)5 4 h A
[A]  [8) 25 MPA 3% FE R J5 B[] (post transplantation
days, PTD). 4F#® (age). PEH (sex, BN 1,
b 0) MRHE (weight). L2 8 IR (Alb). CsA (&
A1, KEHA 0). FKsoe (BN 1, KEH N 0).
PRy (BRI 1, KAEHN 0) AL,

BENLIEFE 20%0%E (10 1) A T Mg
X UE, TR 80%IMHHE (54 #1) HT- ML, KH]
Neurosolutions 5.0 2= I HERH #F (NeuroDimension,



AR N A 0 2 THEIN 5 R A 5 8 P TRR S 1A 2l 2 i 1399 -

Inc., FL, USA), A HJieif S5vARC & o ko A Laf
2 MR BEAT IR, WBR R R 8L WA R (G
AN EEE). K. SR FEEIT . P2l
GREESAT N 45T )71 J7 1% 2 (mean square error,
MSE) /N4 EAH 0.01; 8088 HIE S MSE FFiA
K sEA B HUE M BEAACE 1000 945 s K ZRix
o 1000 &, HABSHCHBIAME.
REEIISIENY DL 2 K O A6 B, DLk
1B 1) 2 JT MR RNH T 752 Je BP #2589 268 155 84 A 5300
WA MPA AUC- 154, %8 AUCq- 1oy i 518 15 S DA
Z AR CE, JEEA O R, LAk E RS o]
HBE Rt EEIT T 1 #F k. [N o iR 2=
(prediction error, PE), PAF-3J T 2 25 (mean prediction
error, MPE) 1 PE% i 1T £15% M FEARZCR VE # T
TOUW () 90 A BE, LASP- 3 4L X R 22 (mean absolute
prediction error, MAE) PFAM AR T4 Fi0 K 2% & - MPE
BN, PEYol I +15% A A 508k /), D) Tl 1 4E
JEE AT s MAE /0N, USRS FR0I0 (06 2

PE(%) _ (AUCPRED -AUC Actual ) %x100% (1)
AUCActual
1&
MPE(%) = — @)
)= Z::
MAE(%) ﬁzn:\PE | ®)
io1
#HR
1 ImRR3EHR

LN 64 Gl AE 2, Hh D) 48 4, 2 16
B, “EW (38.8+12.8) ¥, A (58.8+10.7) kg, AJi
I 1] (16.5 £ 15.3) d, MMF 45 245 K 1~1.5 go
HETORELR 1.

64 15 ”XMEyj% F1IR 2 715 MMF J5 MPA IfiL 24
W 1A S B WL 1o Ca M (10.6 £ 5.3) pgemL ™,
Co M (0.8+0.8) pgmL ™", Tpae A (1.5£0.9) h, AUC 15
N (27.47 +£15.13) pgh-mL ™' ZH52% MPA 25 il
AR IEI G, IR IRZ S 1~2h, 5
W IR AE RS JE 6~ 12 h, VAR5 —0ée ) St B A1 o
3 HREEN

64 W' A Z FBENL N 2 A IR (54 1)
AR (10 ). IR Rk 4 R 7 B2 Bk L3R 2.
31 Zr&kMEEAE DIILL4RZ)S 4 h V\W
[vi) B[] 5 PR 9 S A A AT 22 o6 S 1 ml JE 4 T,
AUC 1o fiHAH 5 SEIE 2 [A] P AH S P - MPE MAE

Table 1 Characteristics of study patients

Demographic data Number, or (range)

Number 48 (male), 16 (female)
Agelyears 38.8+£12.8 (16-71)
Weight/kg 58.8+10.7 (42 —93)

PTD/d 16.5+15.3 (6 —86)

Daily dose/g 1.28+0.25(1 - 1.5)

AST/U-L™! 30.0 +28.1 (10 — 126)
ALT/U-L™ 70.9 +96.1 (10 — 423)
Albumin/g-L™* 41.9+49(32.9 - 63)

Total protein/g-L’] 99.0 £ 124.8 (26 — 625)
10.8 £ 8.7 (4.7 — 46)
11.1£4.7(2.4-21.2)
Serum creatinine/pmol-L™" 154.5 + 65.6 (64 — 327)

Concomitant drug therapy (CsA/ FKsoe) 31/33

Total bilirubin/pmol-L ™"

Blood urea nitrogen/pmol-L™"

Total samples 546
8.4+1.6(6-10)
3.76 £ 4.04 (0.1 — 24.4)
27.47 +15.13 (2.25 - 95.00)

Samples per patient
MPA concentrations /pug-mL "
MPA AUCy-; /ug-h-mL™

PTD: Post transplantation days; MPA: Mycophenolic acid
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Figure 1 Scatter plot of MPA concentrations versus time
after mycophenolate mofetil (MMF) administered in multiple
oral dose in 64 renal transplantation recipients. n = 64

Table 2 Data of training group and testing group

X + s (range)

Parameter
Training group (n = 54) Testing group (n = 10)
Co/ugmL™! 0.99 +0.89 (0.10-3.93)  0.97 + 0.89 (0.10-2.69)
Cos/ugmL™ 6.18+5.66 (0.11-24.38)  6.46 +4.15 (2.24-13.34)
Co/ugmL’™ 4.46 £2.84(0.27-12.67)  5.37+2.29(2.65-9.16)
AUCo12 4" 26.86£15.12(2.25-95.00) 30.76 £ 15.56 (17.48—59.65)
/ug-hrmL™!
PTD/d 17.9 + 16.2 (6-86) 9.1 £2.7(6-14)
Daily dose/g 1.26 £0.25 (1-1.5) 1.45+0.16 (1-1.5)
CsA/FKsoe’ 24/30 713
Weight/kg 58.5+11.2 (42-93) 59.8 £ 6.4 (50-70)

*MPA; "Concomitant drug therapy
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Figure 2 Artificial neural network structures for prediction of
AUCy- 121 of MPA in renal transplantation recipients
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Table 3 Predictive performance of MPA AUC 24 in testing group (n =10, X +£5)

Sampling

Comparison with full AUC

Model . AUCpgep(range)/pg-h-mL ™" PE(range)/% Absolute PE (range)/%
time /h >15%  15%  <-15%
ANN 0,0.5,2 29.64 + 14.03 (17.55-59.19) —1.53 £12.15 (—19.22-23.84) 9.12 £7.59 (0.78-23.84) 1 8 1
0,0.5 31.49 £ 14.05 (15.83—-61.24) 6.03 £ 18.78 (—17.01-35.18) 1530 £ 11.53 (2.66—35.18) 3 6 1
MLR 0,0.5,2 28.41 £ 12.95 (14.79-55.92) =5.15 £ 14.52 (-20.61-27.60) 12.64 £7.92 (0.79-27.60) 1 6 3
0,0.5 26.78 + 11.83 (16.07-50.52) —9.95 +16.05 (—33.70-11.27) 15.34 £ 10.30 (5.38-33.70) 0 6 4

PE: Prediction error
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