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Evaluation of AUC, 4 Predictive Methods for Cyclosporine in Kidney Transplant Patients
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Cyclosporine (CyA) is the most commonly used immunosuppressive agent in patients who undergo kidney trans-
plantation. Dosage adjustment of CyA is usually based on trough levels. Recently, trough levels have been replacing the
area under the concentration-time curve during the first 4 h after CyA administration (AUC,_4) . The aim of this study
was to compare the predictive values obtained using three different methods of AUC,_, monitoring. AUC,_, was calcu-
lated from 0 to 4 h in early and stable renal transplant patients using the trapezoidal rule. The predicted AUC,_4 was cal-
culated using three different methods: the multiple regression equation reported by Uchida ef al.; Bayesian estimation
for modified population pharmacokinetic parameters reported by Yoshida et a/.; and modified population pharmacoki-
netic parameters reported by Cremers et a/. The predicted AUC,_, was assessed on the basis of predictive bias, preci-
sion, and correlation coefficient. The predicted AUC, 4 values obtained using three methods through measurement of
three blood samples showed small differences in predictive bias, precision, and correlation coefficient. In the prediction
of AUC,_, measurement of one blood sample from stable renal transplant patients, the performance of the regression
equation reported by Uchida depended on sampling time. On the other hand, the performance of Bayesian estimation
with modified pharmacokinetic parameters reported by Yoshida through measurement of one blood sample, which is
not dependent on sampling time, showed a small difference in the correlation coefficient. The prediction of AUC,_, us-
ing a regression equation required accurate sampling time. In this study, the prediction of AUC, 4 using Bayesian esti-
mation did not require accurate sampling time in the AUC,_, monitoring of CyA. Thus Bayesian estimation is asumed
to be clinically useful in the dosage adjustment of CyA.
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Fig. 1. CyA Concentration-Time Curves in Early (A) and Stable (B) Renal Transplant Patients
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Table 1. Patient Characteristics Table 3. Population Pharmacokinetic Parameters of CyA
Reported by Yoshida®
Early kidney Stable kidney
transplant patients transplant patients . Inter-individual
Population mean variability (CV %)

Age 48.0+13.0 31.9+7.1

Weight (kg) 58.0+5.9 56.5+8.2 CL/F (I/hr) =13.4+0.272 % BW (kg) 26.9

Dose (mg) 247.8+76.6 90.7+22.4 Q/hr) =24.5 26.4

Dose (mg/kg) 43+1.4 1.6+0.3 Ve/F (1) =60.8 98.9
Vp/F (1) =447.0 266.8

Mean=£S.D.
Ka(/hr) =3.59 141.4

Table 2. AUC,_4 Equations Obtained by Combinations of
CyA Concentrations at Different Time-Points®

Variables Equations

C0, C1, C2 AUC; 4,=3.0XC0+0.84XC1+1.6XC2+27.8
C0, C1, C3 AUC; 4,=1.12XC0+1.27XC1+2.06 XC3+142.3
C1,C2,C3 AUC; 4,=1.04XC1+1.01XC2+1.42XC3—16.4

C1, C3 AUCy4=1.31 XC1+2.31XC3+127.9
C1, C2 AUC, 4,=0.84XC1+2.18XC2—17.5

C2,C3 AUC, 4,=1.82XC2+0.94 X C3+422.4
Co, C1 AUC, 4=7.52XC0+1.21 XC1+492.2
Co, C2 AUC) 4=3.03XC0+1.96XC2+405.8
Co, C3 AUCy 4,=3.20XC0+1.94X C3+966.4

Co AUC, 4=9.153XC0+1261.1
C1 AUC, 4,=1.933XC1+1139.5
C2 AUC, 4=2.539XC2+361.4
C3 AUC) 4=2.693 X C3+999.5

C0, C1, C2, C3, CyA concentration in whole blood at 0, 1, 2 and 3 hr,
respectively, following oral administration.
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Table 4. Population Pharmacokinetic Parameters of CyA
Reported by Cremers?

Population mean  Inter-individual variability (CV %)

F=0.5 Fixed
Ve(d) =0.491 * BW (kg) 13.5
Ke (/hr) =0.559 4.5
K12 (/hr) =0.567 21.5
K21 (/hr) =0.149 14.9
Ka(/hr) =0.741 27.3
Tlag (hr) =0.576 48.5

AUC,_4—Full AUCy_,)/Full AUCy_4X100 7
7=, |\FEDIEFEIT mean absolute prediction error
(MAPE) =] sparse sample AUC,_,— Full AUC,_, |
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Table 5. Correlation Coefficients, Bias and Precision of AUC,_4 Calculated by Blood Sampling Time-Points, Compared with Full

AUC,_, in Early Kidney Transplant Patients

Correlation coefficient

MPE (%)

MAPE (%)

AUC, ,U AUC,,Y AUC,,C

AUC, ,U AUCy,Y AUC,,C AUC,,U AUCy,,Y AUC,,C

Co, 1,2 0.961 0.906 0.928 7.6 2.9 7.6 9.1 11.3 12.1
Co0,1,3 0.951 0.886 0.917 1.2 3.6 5.2 9.0 10.7 9.7
Cl, 2,3 0.990 0.935 0.965 —4.0 5.2 1.2 4.2 6.7 4.4
Cl1, 3 0.985 0.923 0.990 —4.1 —8.4 —4.6 5.5 20.9 5.3
Cl1, 2 0.886 0.786 0.883 —8.2 —4.6 —-1.5 14.1 16.4 14.6
C2,3 0.951 0.817 0.926 —4.9 —0.3 4.0 9.2 15.5 9.3
Co, 1 0.658 0.762 0.931 24.4 0.7 —9.0 35.4 21.7 11.5
Co, 2 0.944 0.843 0.971 8.4 5.7 5.2 10.9 15.5 8.3
Co, 3 0.702 0.582 0.765 9.7 33.5 9.1 25.6 45.0 20.9
Co 0.510 0.704 0.627 31.2 16.3 10.3 49.1 27.1 30.6
Cl 0.834 0.837 0.890 —30.1 —11.4 —11.0 30.1 17.1 13.7
C2 0.866 0.673 0.891 —7.7 —3.6 —2.2 15.0 22.8 13.8
C3 0.854 0.731 0.797 —5.6 7.5 —2.5 15.4 23.0 15.2
(n=3)
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COZEERVHABRDLEIZEKDHEE L 7z AUC, 4
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MHABELD 4AEOREOEEEZEIET 5. CO %
FAWTEHETZ2ERIIBETHSDITHL, CI,



No. 5

445

Table 6. Correlation Coefficients, Bias and Precision of AUC,_4 Calculated by Blood Sampling Time-Points, Compared with Full

AUC,_, in Stable Kidney Transplant Patients

Correlation coefficient

MPE (%)

MAPE (%)

AUC, ,U AUC,,Y AUC,,C AUC,,U AUCy),Y AUCy,,C AUC,,U AUC,,Y AUC,,C

Co, 1,2 0.989 0.990 0.949 —3.0 2.7 8.0 3.2 6.4 10.8
Co, 1,3 0.989 0.997 0.918 4.4 —2.4 13.9 3.2 4.0 14.1
Cl, 2,3 0.998 0.987 0.961 1.0 1.6 —0.1 1.3 2.6 8.3
Cl1,3 0.982 0.992 0.918 6.1 —0.1 13.9 4.1 33 14.1
Cl, 2 0.990 0.977 0.949 2.2 2.4 8.0 4.3 7.3 10.8
C2,3 0.777 0.848 0.894 —9.0 1.4 —3.6 13.6 12.3 11.9
Co0, 1 0.982 0.971 0.836 5.4 —7.4 37.7 5.5 6.8 32.5
Co0, 2 0.788 0.915 0.922 —11.8 1.3 —10.3 13.6 10.4 11.2
Co0, 3 0.795 0.972 0.780 —7.6 —6.7 —18.0 17.3 9.1 20.6
Co 0.768 0.963 0.729 —6.0 —7.8 —17.2 16.2 11.0 21.1
Cl 0.878 0.922 0.836 48.3 —6.2 37.7 35.6 8.5 32.5
C2 0.764 0.908 0.922 —6.8 0.8 —10.3 11.2 10.5 11.2
C3 0.783 0.924 0.779 —3.5 —5.6 —18.0 16.7 10.7 20.6
(n=18)
5000 N = -
DEVNEREEZSNS.
o eoto R % ] 18 SEBIIC BT B HEE TIE, CO+
4000 4 Auco-av Cl+C3 L DH#E L 7= AUC, .C ZFrE, 381 >
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o1
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: ©ag @ BBEEZOND, 181 > MR & BHE T,
Q - R s .
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312, Yoshida &, Cremers 5IZHEU /=R /NS
0 ' ' ' ' ' A =589 & JLiz, {KEH 60 kg DEFH A1 [8] 100 mg,
0 1000 2000 3000 4000 5000

Sparse sample AUCq_4 (hr*ng/mL)

Fig. 2. Relationship between AUC,_4 Calculated by C1 and
AUC,_, by Full Samples in Stable Renal Transplant Patients
(n=18)
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72> 7-. Figure 4 {2, Yoshida %, Cremers % |2
C7mINTA=4892 T Cl £V Bayes #5E L 7=
i R — R ph R 2 7R 97, Figure 1 1IZ/R 9 KD
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Fig. 3. Simulated CyA Concentration—Time Curves Using
Modified Pharmacokinetic Parameter Reported by Yoshida
(Broad Line) and Cremers (Thin Line)

Body weight: 60 kg. Dose: 100 mg twice a day.
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Fig. 4. Simulated CyA Concentration—Time Curves after Fit-
ting Modified Population Parameters Reported by Yoshida
(Broad Line) and Cremers (Thin Line) to CI in a Typical
Stable Patient

Open circles are observed concentrations. Body weight: 55 kg. Dose:

100 mg twice a day.

JNT A —%9 % F = Bayes HEE Tl Thax 2 1.3 I
MAHE EHEE L, EEEISEWHEEDNThbh &%
ABND.

AR FHIC BT DHEE S RECHBIT S HEE
ZHEUZEE, AUC, Y 2B 2L EMOHETE
1, RHIOHEE IS WE R L 2. —
4, AUC, ,CIZBIT 3R oHEIL, ZEloHt
TENZ AN m WA Z /R Uz, 24U, Yoshi-
da H5ITHEL 728 T A —Z 3B BHE AL BRI
LEBEXIDEHY SN, Cremers HICHEU 72/ 5
A—FIEBWE 3 » HUNOEEN ¥ L3 1 H
LEOBEEMNERIDVEHIINTNE O EE A
5N 5. CyA ORNEHREIZ B2 #RE H T &
DT D ENHEINT NS, 10 KD Kt
FIZBNWTHRA 3EFOE — 7 L C2 Xid C3
THDDIHL, ZEM I8EMOE — 7 #EIZ, £

35 EDOHPEICBNT 34 EINCL &, T M/NE <
BRAHEMMNED 5N, 1 HRA > MRILKD CyA
® AUC, 4 % Bayesian i:12 KX 2 #EE 2 H W THEH
I 5856, MEGEHEEZEZE L TRER/NT A —
YEBRIRTILENHDEEZOND. iz, Cl
+C3 12Xk D Bayesian {EIC K BDHEEZHWTEHL
7z AUCy 4 13, B, @&l biTmWHBERE
ZRLUEZ. CYARA 7 OIX)VY a > BAIIK R
D Toax 1 1 03 2 K] 2 /R 9 E AT 93.6% & Hiis
4,4 Yoshida %, Cremers HIZHEU /2/)N T A —
FERWEI a2l =23 ilBNTH Thx 3%
NZN 13K, 1LTRFEITH o 72, Thax PHIED
BIMAR1T > Z2HAWTEYE /NS A —4 % Bayes
WETDHIEICKD, E—VEZ XD IEMICHEEL,
Full AUC, , L OHBENE 2 EEA BN 5.
Yoshida %, Cremers 5 Q¥ O REHITIL,
BEMEEENET EN, BER/NT A -5 DEHER
ThHIREIZIZNFN 56.1+11.2kg, 70+15kg T
b5, FAROMREEOEBHEEETHD, £H
B[R TH SDREIL Yoshida », Cremers » DED
HNREFEREERDZD, AMANZEZD
CyYAXA 7 0Ix)VY a »BAIOEKRNEHEZ HEE
3 %7812 Yoshida 5, Cremers 5 235 U /=R4E
MNTGA=FEHWSZ I3RS EEZLGNS. L
MU, RIFFEOMGREFIL Yoshida 5 D& ITH
JAMBBEICEENTND LD, AUC) Y IZD
WTIIHEERRZE Z it/ NaAil U 7 rTREME DY E A 51 5.
Dbtz &nhs, BBEIIBET S CYA D
AUC,  E=F Y 2 TIZBNWT, YR RHER/NS
A —% Z W /= Bayesian %12 X 2 #EEE, IR
IZ& % AUC, , OHEE LM%, #HLIF, XKDIE
EICHEEZ1TD T EMAJREEE A 5N 5.
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