gkt s) A Al Alls
Kor. J. Clin. Pharm., Vol. 18, No. 1. 2008

Tacrolimus?| EEsTEEY D ¥ ZI0[ASXI0IM2| FE kS8
USY? - ek - 12
"OISIOIAIHEHT SFBHHB! CO[SHINICHEIT YABHAHEYSE, f TS T Syt

Comparison of Analytical Methods of Tacrolimus in Plasma and
Population Pharmacokinetics in Liver Transplant Recipients

Eun-Young Kim?, Wonku Kang®** and Hye-Sun Gwak!**
g g y

"College of Pharmacy, Ewha Womans University
2Graduate School of Clinical Health Sciences, Ewha Womans University
3College of Pharmacy, Catholic University of Daegu

This study aimed to compare a microparticle enzyme immunoassay (MEIA) with a liquid chromatography-tandem mass
spectrometry (LC/MS/MS) technique for the measurement of tacrolimus concentrations in adult liver transplant recipi-
ents, to investigate how the assay choice influenced the population pharmacokinetics of tacrolimus and to identify
patient characteristics that affected pharmacokinetic parameters in each assay. Tacrolimus concentrations from 29 liver
(n=52 paired-samples) transplant recipients measured by both MEIA and LC/MS/MS were used to evaluate the perfor-
mance of these methods in the clinical setting. Tacrolimus pharmacokinetics was studied independently using MEIA and
LC/MS/MS data in 70 adult patients using a population approach performed with NONMEM. Patient characteristics
which influenced pharmacokinetic parameters in each assay were compared. The relation between LC/MS/MS and
MEIA measurements was best described by the regression equation MEIA=1.465*LC/MS/MS- 1.336 (r=0.91). Multiple
linear regression analysis showed significant inverse relationships between assay difference and hematocrit (Hct)
(p<0.025) in liver graft recipients. In MEIA, the population estimate of tacrolimus CL/F and apparent volume of distri-
bution (Vd/F) were found to be 10.1 L/h and 226 L, and in LC/MS/MS, 13 L/h and 305 L respectively. Neither
patient's age, weight, gender, grafted hepatic weight, albumin concentration, nor markers of liver function influenced
tacrolimus CL/E. The final model of CL/F was found to be 10.1+(Hct/Het mean)'>” in MEIA and 13+(1+Hct/S78) in
LCMS/MS indicating that CL/F was influenced by hematocrit.
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Fig. 2. Correlation of the method differences in tacrolimus
concentrations: differences between MEIA-LC/MS/MS vs. LC/
MS/MS. Dotted lines indicate the 95% of the confidence
interval.

Table 2. Mean bias between MEIA and LC/MS/MS method
for the determination of blood tacrolimus concentration,

LCMSMS Concentration 0 Bias, meantSD Range
_ range (ng/ml) (%)
MEIA=1.465*LC/MS/MS-1.336(adj R°=0.82)
(O<con<5 11 14138 -42~77
Fig. 1. Correlation of tacrolmus concentrations determined by 5<con<10 28 25427 23282
MEIA vs. LC/MS/MS (MEIA=1.465*LC/MS/MS-1.336, r=0.91,
p<0.0001). Dotted lines indicate the 95% of the confidence 10<con 13 34416 9-64
interval. Bias=(MEIA-LC/MS/MS)/(LC/MS/MS)*100%
Tablel. MEIA vs. LC/MS/MS for the determination of blood tacrolimus concentration.
Regression equation SE.EST Mean bias’ (+SD) (ng/ml) ~ Mean ratio* (+SD)* Range of ratio
MEIA=1.465*LC/MS/MS-1.336 0.097 2.23+2.20 0.84+0.24 0.54~1.72

"Standard error of the estimate (standard error of the regression slope)

"Mean and standard deviation (SD) of the difference (MEIA-LC/MS/MS) between methods
*Ratio between MEIA and the reference method (i.e., LC/MS/MS +~MEIA)

Standard deviation of the ratios
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Table 3. Demographic profile of the liver transplant recipients. (38 females, 32 males)
Characteristics MeantSD Median Range
Age (years) 50.5£8 50 32-65
Body weight (kg) 64.2£11.5 63 46-91
Grafted hepatic weight (g) 7344117 720 500-1100
Analysis method MEIA LC/MS/MS MEIA LC/MS/MS MEIA LC/MS/MS
(n=491) (n=1262) {(n=491) (n=1262) (n=491) (n=1262)
Tacrolimus (mg/dose) 1.4+0.9 1.6:0.9 1 1.5 0.125-5.25 0.125-6.5
Con. Tacrolimus (ng/ml) 0.144.5 8.1£3.8 6.5 15 1.0-30 0.8-24.1
Aspartate amino transferase (IU/L)  56.7£51.6 52.6+54.4 36 37 1-386 3-565
Total bilirubin (mol/L) 3.9459 34452 1.2 L5 0.2-45.3 0.2-58.7
Con. Albumin (g/L) 3.680.5 33104 3.6 33 2.1-45 2.5-4.6
Hematocrit 29.716.3 304422 35.3 28.5 15.2-51 18-49.4
3hsict. Table 4. Differences in the objective function valué between
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a9 WL Z3EA] gL 718 2o AEE B3
CL/F$} VA/F, Ka= 27} 10.1 L, 226 L, 1.18 hr'o] o},

the base model and the models including covariates. (MEIA)

No. Parameters OBIJ A
Base model a1, &, 63 -4533.84 0

model | 6+64*(Hct/29.8% 454342 -9.588
model 2 GI+(Hct/29.8)% 456795 -34.114
model 3  GI+Hct* -4431.02  102.812
model 4  GI*(1+Hct/64) 453419 -0.354
model 5  2+&4* Hct/29.8 -4534.67 -0.834
model 6 @2+(Hct/29.8)% -4532.84 0992
model 7 @2+Hct® 453463 -0.793
model 8 @2*(1+Het/ %) 453464 08
model 9 6I+(Hct29.8)%-65*1TZ  NA NA
model 10 61-64* ITZ NA NA
model 11 62-84* ITZ 453463 -0.794
model 12 9" 10 8° 453290 0936
model 13 6/+ALB¥ 453294 0.898
model 14 6I* (1+ALB/6%) 4535.18  -1.347
model 15 61+64* ALB/3.0° 453523 -1.393
model 16 61+(ALB/3.0)* 453729  -3458
model 17 @2+ALB¥ -3847.34  686.496
model 18 @2*(1+ALB/&4) -4555.90  -22.064
model 19 @2+&*ALB/3.0 453349 0.345
model 20 2+(ALB/3.0)¥ 453408 -0.244
model 21 g:gﬁﬁ%@? 384734 686.496

01, clearance; €2, volume of distribution; 63, absorption rate constant
*Mean value of hepatocrit (Hct); ¥Mean value of albumin (ALB)
Note that the blood concentrations were determined by MEIA.
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Fig. 3. Top: Scatter-plot of observed tacrolimus concentration
measured by MEIA versus concentration predicted by final
covariate model. Bottom: Plot of weighted residuals versus
predicted concentrations.
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Table 5. Differences in the objective function value between
the base model and the models including covariates. (LC/

MS/MS)
No. Parameters OBJ A
Basemodel @I, &, 3 -12718.2 0
model 1 QI+ 6#*Het/304° -127550  -36.8
model 2 O+ 64*Hct -12719.8 -1.6
model 3 or* (1+Hct/ 84) -12768.2 -50,0
model4  Al+Hct¥ 2125993 1189
model 5 AI*(1+Hct?) 125993 1189
model 6  2+&4*He/30.4 106320 20862
model 7 62+6#*Hct 127285 -103
model 8 2*(1+Hct/6¥) 127662  -48.0
model 9 +Hct¥ -12768.1 499
model 10 2*(1+Hct?) 127570 -38.8
model 11 61+ @4*ALB/3.3° -12718.2 0.0
model 12 61+64*ALB -126904 278
model 13 6I*(1+ALB/6¥) -12719.8 -16
model 14 OI+ALB¥ NA NA
model 15 GI*(1+ALB%) NA NA
model 16 2+@4*ALB/3.3 -12706.1 12.1
model 17 2+G4*ALB -127492 310
model 18 @2*(1+ALB/64) -12725.1 6.9
model 19 2+ALB¥ -106320  2086.2
model 20  *(1+ALB%) -127545 363
model21 g (A 126824 358

01, clearance; 62, volume of distribution; 63, absorption rate constant
$Mean value of hepatocrit(Het); ¥Mean value of albumin (ALB)
Note that the blood concentrations were determined by LC/MS/MS.
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Fig. 4. Top: Scatter-plot of ebserved tacrolimus concentration
measured by LC/MS/MS versus concentration predicted by

final covariate model. Bottom: Plot of weighted residuals
versus predicted concentrations.
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