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Tacrolimus, an immunosuppressant prescribed against graft-versus-host disease (GVHD) in patients with alogeneic-
hematopoietic stem cell transplantation (HSCT), is affected to change its pharmacokinetic properties by various factors.
For this reason, it is needed a close monitoring to adjust dosage amount in order to optimize the blood concentration of
tacrolimus is located within the effective range. According to our in-house study, 62% of HSCT-patients were needed
dosage-adjustment and it is necessary to optimize the current immunosuppressive regimen in clinical settings. A retro-
spective study was designed to evaluate the dosing regimen (converting ratio of 1V:PO=1:4) of tacrolimus in HSCT
patients (n=62). After collecting data from patient’s profile and medical record, pharmacokinetic parameters were calcu-
lated and compared between the estimated and the actual values in the selected subjects (n=58). It was found that the
bioavailabilty (BA) of oral tacrolimus was 40.5% very much different from that is known as 25%. It implies that the
current protocol has a potent risk causes dose-related toxicities to the patients. Furthermore, analyses among factors
demonstrated that there was no statistical significance between BA of tacrolimus and the variable factors. In the clini-
cal perspectives, the current converting ratio of tacrolimus in patients with HSCT to be re-considered and an appropri-
ate and optimal alternative regimen should be adopted to prevent GVHD and to increase the quality of life of patients.
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X (trough level) 72 o]Ag M} 23], A7]e] F5, 3
FHETE BAU, o] AlE W, W EofA o] vk, 3t
2L 7Rl EA 8 A Foll whel g oJ ks Wt o
A aEe, $98 2A5ke] At ohz) /i &
2zt Wej gz WsAste) wel okgdhd w4
(pharmacokinetic parameter)] W jeFAte] Hefsloz 8%
FT7H10~20ng/mL) gtell S} oFEe] Fi FF= Fhol
HAH37] s e X84 dFdEs T E (therapeutic
drug monitoring, TDM)e] =7 o]t} 1019

E dFE HSCT #Alel] GVHD A4 22 Fofsl:=
tacrolimus®] 37422 |VellA PO W7 A] 84 8%
ol 14 2= vlEA e S W] 4 3Rl XEE
Fe= U Gl HAs Wl Frslr] S5k AA|

a1t

PAhe] QP B AdelA ARk AT

el

fo it
o,

it

PR ME

20061 19H-E] F 2547 vl A7 HSCT Als ol
GVHD 28¢] ouls 913 tacrolimusE: Fof ot 4
RS FollA, BAPE 28 protocolell 23t D+21 A, ¥
10d 53t FAA R MAHNE A, 5o 5=t A
el (steady-state)el] =319l , FE0] dFeEe =5, Y

Kor. J. Clin. Pharm., Vol. 20, No. 3, 2010

st AAME A E datart BEE 3 A ATt
2 AAsAY 34, tacrolimuse] Fo A 25 A3k o) 2
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AT 3A=2] AW A =}2]F-7] S(dectronic medica
record, EMR)Z} A4 A] tacrolimus®] TDM EA| 2 $] 5}od
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Table 1. Calculation equations for phar macokinetic parameters of tacrolimus

Route  Parameter Unit Equations No. of equation
V&FO IBW kg { (Height/2.54)-60} *2.3+(50 in male; 45 in female) [1
Vy L 1.67"(L/kg)*1BW(kg) [2]
v Ke ss ht [{daily dosg,, (mg)*1000}/24h] AV 4* Cet (3]
Clg v mL/hkg 1.67(L/kg)*K o ()*1000 [4]

-Ke*10 -Ker12

o Kes hrt s, (zl)feKKai}l’z\)/}fi*ﬁKgﬁﬂgrﬁSn (e [5]
Cls ro mL/hkg 1.67(L/kg)*K (h™)*1000 [6]
V&PO F - (AUCp/dosero)/(AUC,, /dosg,) = CL,/CLpg (7
BA % F*100 [8]

Abbreviations: 1V (intravenous); PO (ord); IBW (ideal body weight); V4 (volume of distribution); K  (elimination rate constant in steady-state);
C (blood concentration in steady-state); CL (crestinine clearnace in steady-state); K, (absorption rate constant); F (extent of drug absorption);
AUC (area under the plasma drug concentration versus time curve); BA (bioavailability)

[Z]TVd=1.67(L/kg)*IBW(kg) (cited from an article by Boswell GW, et al., Tacrolimus pharmacokinetics in BMT patients. Bone Marrow
Transplant 1998; 21: 23-28); [5]§Ka=2.08 (cited from an article by Sam WJ, Tham LS, Holmes MJ, et al., Population Pharmacokinetics of
Tacrolimus in Whole Blood and Plasma in Asian Liver Transplant Patients. Clin Pharmacokinet 2006; 45: 59-75); [5] '”CS (Blood concentration
of tacrolimus collected at 8:00 AM from the study patients, ng/mL); Dose (daily PO dosage* 1000)
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2006~2008 7]7tell 27k 10, 274, 21744 FE3F L,
Au] FA-e FAd o] 38 (65.5%) o142 20 (34.5%)°] i
o A7 HadEE 38449, A= 77hd
F¥E 11-204] 129, 21~304] 109, 31~404 194,
41~504] 137, 51~604 45 o| ik ekt 2wy By
gplagtic anemia (Severe Aplastic Anemia, Very Severe
Aplagtic Anemia) 127, acute lymphoblagtic leukemia (ALL)
169, acute myeloid leukemia (AML) 219, chronic myeloid
leukemia (CML) 4, myelodysplastic syndrome (MDS) 3
=, multiple myeloma (MM) 1%, T-cdl lymphoma 19 ¢]
Aot Allo-HSCT A& A 39 =}(donor)2} 4=3) A} (recipient)
o] ABO* o] AdA|3 A= 20 o] EUA|g

& 387 o]l (Table 2).

}+

NS
>
L‘z
:

\

[e]

A
J 2=

Lo

o
=
RS

195
BAS} ofSEHY HEol
AR AT sl delelzrE  AAw

tacrolimus A4 H BAZFS 405+14.1%24 ©]A|I7HA] ¢
A8 T 5% 2 Aol E BTt o] FellA 20% o]
37} 39, 20~29%7} 129, 30~39%7} 107, 40~49%7} 17
™, 50~59%7} 10, 60~69%7} 5%, 70% o]Ake] 1 o=
vebt e, 40~49% rangeol] 43l kA7) 20.3%E 714
wholeh(Table 3). 28], capsuled 7 FA# <l Prograf®=}
Tacrobel|®S 543 2kxle] H7 BAY 27t 42.6+14.4%,
3B13.7%EH Aelst F 7] AlEFS 5431 A1 BA
7k Abelell = BAIA frelAd o] 1%tk (p=0.172) (Table 4).
chekst oFgshA Ws rElalE Atel o] A 2AHA
IE EUHZ BAH 5SS 93 IHREE oS 5 o

Table 2. Characteristics of the study subjects (n=58)

, Average  BA ranges
Varizble " BA(%) (Min-Max)
11~20 12 36.3 12.5~61.2
21~30 10 431 19.2~71.0
Age 31~40 19 43.0 30.2~63.9
e 4150 13 406  208-583
51~60 4 36.0 25.3~49.9
MeantSD 334£11.2 - -
Sex Male 38 38.6 12.5~63.9
Female 20 45.0 18.9~71.0
ABW MeantsD 642110 - -
(kg)
ABO Yes 20 410  189-578
match  No 33 408  125-710
Aplastic Anemia 1 317 -
Acute Lympho- 9
blastic L eukemia 16 411 18.9~62.1
Acute Myeloid %
L eukemia 21 40.0 125~71.0
ChronicMyeloid N
Leukemia 4 46.2 334~57.8
Myelodysplastic 9
Di Syndrome 3 426 24.6~54.9
Multiple
Mydoma 1 28 )
Severe Aplastic 9
Anemia 7 40.9 19.2~62.7
T-cell Lym-
phoma 1 317 -
Very Severe N
Aplastic Anemia 46.3 40.4~51.7
Tota 58 405+14.1 125~71.0

BA (bioavailability); ABW (actual body weight)
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Table 3. Bioavailability of tacrolimusin the study patients (n=58)

Kor. J. Clin. Pharm., Vol. 20, No. 3, 2010

Interval ranges of bioavailability

<20 20~29 30~39 40~49 50~59 60~69 70
Patient (n) 12 10 17 10 5 1
Rate (%) 20.7 17.2 293 17.2 86 17

Table 4. Comparison of bioavailability between oral
preparations of tacrolimus

Oral preparation(Brand name) n Bioavailability (%)*
Prograf® 33 426+14.4
Tacrobell® 25 38.0+13.7
Total 58 405+14.1

* Data are shown as meantSD

ZIAEMN R APEE Fetdt A= o3 2. 3
2] tacrolimus BAZEE W3R QxS 2, €13 (p=0.859),
A (p=0.147), AlZA3(p=0.736), °]A A Z(ided body
weight, p=0.124), A& =] 4=(body meass index, p=0.218), &
A} =8 o} (serum creatinine, p=0.966), blood urea nitrogen
(p=0062), total bilirubin (p=0.911), AST (p=0930), ALT
(p=0.862) Atolell= ojwl gt AFaA o] BA A Fold = 9%l
o}, 3}, BAp B39 HAAFAH 2 e AALSE B hol
0060|3222 BAE BAA frold s XY wE 7 w3t
QUAZ N of kS A dska-S e EH(Fg. ).

wAMATE =2

Tacrolimus E&sT

IVFo] ¥ seady-state 55 =7} tacrolimus?] |5 ¢
2] FHAF7H15-17 ng/mL; Fig. 29] y& Fx)el =23d
AT A2 PMPE Wd 3] FA3te] o= oy |V
Fol¥l 83 e FE3A o] £ ol AR A
45= 7]219 tacrolimus BAZE(25%)°] obd, 7z A=
B A= BAZH(426+144%)S HEFo =2 F8 POSS
s b olgA AEE TR £ wE AT

o] ¥ %2 geady-statecl] =23 w0 dSHE XS
HES Tl 5= THEE XS W (Fig. 20 xF
Fz) HHA 2 (10~20 ng/mL)]tel] &34 H: 3z
7} A& ¥FF %7} 15, 16, 17ng/mL Y =), ZHzh 22(37.9%)
o 22(37.9%), 35(431%)H 02N Ti4r) ThEE Ao
velgel o] 2 A A YR E LA Al A
431 715 BAGLel W7 el oF & 53tk (Fig. 2).
Tacrolimus®] *]&4 53 W92l 10~20ng/mL 77kl &
Tt sl AXEE G Slste] AA, AA| Fo
g A8 2 T FEE SA s (Table 5, A¥). =4,
A AFEEQl SR 3] (1:4), 2 25% BAZES 283l
POF 433 d55 s 7R 9= 3] 5 ¢
Z3l3ith(Table 5, BF). AA|, A7 3t IVFe] $
steedy-statedd W ASH HFFE ol A3% BATH(40%)
< AE3M POFALH 9 olo mE 55 = THEE
3ate] = oS8 Btk (Table 5, C). ©|°l4 A, B, C
7y 9] ZrEol Az o= AE =TSl Blas}
doh. N BER VEFEE F7te] 15-17ngmL7} EHES
POFol- &35 3hbstd, o33t PO T 57t A58 ¥
Aol 7 2AH AL, CEE VISR AT B B
sy B SAMLoE foldt Afelrt addet =3, A wF
= X7+ 10-20, 5-20, 525, 5~15ng/mLE A| 23] A,
B, C 7ol Al 2 5W ol =3t 3ol o vE-S A
ey 10~20ng/mL 7-7tel| M Bt FA A FelAd o] vehtA]
Aok, vzl A8 FeAM CEY =Y v
77.6~914%=A 7H 7 Jebstt gk, (VoA POZ 7
AR ZE WA o S rdios L4 7IAEHE, Hx
steady-statee]] =2E o] HF5 5 (Cop g7t FEA B

1) Body Mass Index 2) Serum creatinine 3) Total bilirubin
80 ; 80 ; 80 "
N R T W . S — 4 TS S —_
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Fig. 1. The correlations between bioavailability and body mass index, serum creatinine, total bilirubin. In each graph, Y-axis
represents bioavailability (%) and X-axis demonstrates 1) BM1 (kg/m?), 2) Serum creatinine (ng/dL), and 3) Total bilirubin (ng/dL),

respectively.
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Fig. 2. Comparison of the patient numberswith estimated blood concentration range versusreal concentration value.

Table 5. Number of patients by tacrolimus levels with
different regimens (p<0.05)

Therapeutic  Actual ®  Current regimen ® New regimen ©
range
(ng/mL) n % n % n %
10~20 58.6 27 46.6 22 37.9

34
5~20 48 828 41 70.7 51 87.9
5~25 50 862 51 87.9 53 914
5~15 40 689 28 483 45 77.6

(A): Actua (adjusted value based on the actual concentration)
(B): Current regimen (BA 25%) 0.03 mg/kg IV plus 0.12 mg/kg PO
(C): New regimen (BA 40%) 0.03mg/kg IV plus 0.075 mg/kg PO

(10-20ng/mL) <tell Z3HE vl&2 Ao} 2Rk 46.6%
o] Bislolomz o] o] YAPH R A8l x| uhy
o tacrolimus®] F& frAv F21-8 g A 25 A
A s = QS HeFsiok(Table 5).

[

il
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2] 9 A 8422 A e skt ] F3ar A1 =gk
o B9 e A JAelME SRR A 71E oFEst
2o o3 AAEHE oAF e LA G 94l
steady-state =% 52| trough levele] therapeutic rangedl] =
DA E Bl A v 9l TDME S3le] Fof £33

oF5 517

S F71E ARFA ] el 923D o)o) 3
} MAEAS TEsle LS HAH3) FEdslE =
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B Fol IVeA POZ FoJ3 25 W3k uff &3] YA HE,
zte] HFs ot RS ENE Y AT ojedl: Al
Aated HA) A S A Bl A HAA
o F-5 Hrlst Zlo|v}. oF5eh w/fW gl kS nA=
chekst Wske qlS ¥A-3t tacrolimusts W3k gl Eo] S37H
L2 Z ouprt glerg FAAHRE MR 3R} AT ¥
#|3le] Foidl oFE0] SaFa PFoM ] AAFEE SAT
2 ¥EE BA(W)E 3HiFSte] AREsdch A7 At
584 2] I3 Hlo|ElE Z71= tacrolimuse] A BAE A4
a9l S o FF BA®)ZEe] 405+14124] o2] F& oA
A A= G A AA] TDM gl A48l e 25%9= @
2 zlel7t Qlgo] walsoh 3, tacrolimuse] BAZEell
5 VA e 89EE gl 9=, A, AT, A, A
=, ABO-type, Scr, BUN, tota bilirubin, AST, ALT -2
BA<te] A SwelA BA A Aol BHl=A] sk
ol vlEe], & Aol AR Aoldt ATFkAIZE B BA
Zoll = BAA FoAdL e mz 7A7kst el S Ak
27 g oFFEA v E vl S W SAA
frolAd o] vehA] ekskehe A ekE x| skele))

5ol Bt A 840 EX =2 £ A3 E
=237 $8iMe 55271 15-17 ng/mL 77kl Siiw
IVFo] 8358 AMEslaL, I 43k BAS 40%= A4S
o] POLHS Faled AEE Wghw|gl 1254 uhel
steedy-state®| F5-5 =7t 10~20ng/mLel Y1218 = e A

N
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=5 A3 (prospective) B7ksks A77F SR D8
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A3 9l AR A= regimens £ E o] oF s, 3A}
o] A2 &3 S} KA S BA] $ste] Audt oFF
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