St atorals] 2] 4287 A 15 L, %¢C»  Korean Journal of Clinical Pharmacy

Korean J Clin Pharm, Vol. 28, No. 1, 2018 = A Offical Journal of
wmm\amw Korean College of Clinical Pharmacy
Original Article Y>> PISSN 12266051 eISSN 2508-786X
https://doi.org/10.24304/kjcp.2018.28.1.24

Korean journal of clinical pharmacy (Online)
URL: http://www.ekjcp.org

M
a1

b

Jon
I

XSEOME 0[AlS dk2 A0} XA cyclosporinel] ZlEt oF=

A2 AT o] Bl AR’ QHE - e

lojgled At etar ekstelst, 2 golihg sl AR, 3ot oFsltie), “sdtheka ofstelst
(20174 129 16¥ % - 20183 19 59 524 - 20184 1Y 8Y %9))

Population Pharmacokinetics of Cyclosporine after Hematopoietic Stem Cell
Transplantation in Pediatric Patients
So Yeon Cho'?, Jeong Yee!, Wonku Kang3, Jae Youn Kim?, Sook Hee An**, and Hye Sun Gwak*!

ICollege of pharmacy & Division of Life and Pharmaceutical Sciences, Seoul 03760, Republic of Korea
2Department of pharmacy, Asan Medical Center, Seoul 05505, Republic of Korea

3College of pharmacy, Chungang University, Seoul 06974, Republic of Korea

4College of pharmacy, Wonkwang University, Iksan 54538, Republic of Korea

(Received December 16, 2017 - Revised January 5, 2018 - Accepted January 8, 2018)

ABSTRACT

Background: Cyclosporine is an immunosuppressive agent used to treat and prevent graft versus host reaction (GVHR)-a
complication associated with stem cell transplantation, This study aimed to develop a population pharmacokinetic model of
cyclosporine and investigate factors affecting cyclosporine clearance in pediatric hematopoietic stem cell transplant patients,
Methods: A total of 650 cyclosporine concentrations recorded in 65 patients who underwent hematopoietic stem cell transplantation
were used, Data including age, sex, weight, height, body surface area (BSA), type of disease, chemotherapy before stem cell
transplantation, type of donor, serum creatinine levels, total bilirubin concentration, hematocrit value, and type of concomitant anti—
fungal agents and methylprednisolone used were retrospectively collected. Data related to cyclosporine dosage, administration
time, and blood concentration were also collected. All data were analyzed using the non—linear mixed effect model; a two—
compartment model with first—order elimination was used, Results: The population pharmacokinetic model of cyclosporine using the
NONMEM program was as follows: CL (L/h) = 5.9 x (BSA / 1.2)%°, V2 (L) = 545, Q (L/h) = 3.5, V3 (L) = 1080.0, k, (h™") = 0.000377.
BSA was selected as a covariate of cyclosporine clearance, which increased with an increase in BSA, Conclusion: A population
pharmacokinetic model for Korean pediatric hematopoietic stem cell transplant patients was developed, and the important factor
affecting cyclosporine clearance was found to be BSA. The model might contribute to the development of the most appropriate
dosing regimen for cyclosporine, Further studies on population pharmacokinetics should be carried out, prospectively targeting
pediatric patients,
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cyclosporine, tacrolimus, methotrexate, methylprednisolone,
mycophenolate mofetil, azathioprine, antithymocyte globulin,
infliximab 5¢] 2FE-0] AF&-E) 11 91 01 71 Z=0l|A] cyclosporineS
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Cyclosporine cytochrome P4500] 2Jafix] 71ol| A tiakE o]
2 QIsiA 2t A m AL YR 4= Slek. Cyclosporine
o] ¥ =8 354 54 Wyt ofu g} Ajddhio A
T} 2 A& gk o] JIS uh=thO) 99} 2L o)
=2 cyclosporine2 7JA|7tol|A] Bigt o2} ZAHol = H
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584 5/30] 7 fAnkt T2 A VRl o] 2] 9] F5, o],
B e WM E tEA] YERFEE  therapeutic drug
monitoring (TDM)S- 53l oFE9] 838 243l oFE9] X7
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AR S ZARINTE. 8oL A F5, o4 A ARE3 8
stawie] T, 3oRete] B, oA & A FE IS
Cyclosporine®] Fo== 7|7F B2t xke] &% ZglolEd
(serum creatinine), & Y& FRH](total bilirubin), FPIEIHE
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Cyclosporine® FAF = 7472 1243 HE 02 BEAFH)
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292 NONMEM (version 5.1.1; GloboMax LLC, Hanover,
MD, USA)Z 2 13-& ARE-5}ST). First order methodS A8-3}
PO  two compartment modelS 73} ADVAN4,
TRANS4Z o|8313th =84 cyclosporine®] 8% 55 5
4 98 2F584 gelr|E = clearance (CL), volume of
the central compartment (V2), inter-compartmental clearance
(Q), volume of the peripheral compartment (V3), absorption
rate (K,)°1 1t} 712 29l (base modely TFE < glo] ¥t
£ objective function value (OBFV)E 2= 34 S S3f 234
9t} Inter-individual variability= proportional model&- A}
&3t Fatdch. OBFVE Hlaste] 71% wdg AAstal &
NS ZHOR A8ste] 712 BdoMRH  AlFsto
forward selections E3lA] 714 =4) OBFVY] x}o]& UeR)
= #ZF 249 (final model)S 73t} OBFVE] z}o|7} 3.84
oS UEhd w524 (P=0.05, AHF= 1)0] & Ao Z &
et A8 sRge 7], 554, AREA, A, vel,
Foqxiele] A, @ ZdlolEd, F WeFl, slviE=s
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Table 1. Characteristics of study patients

Characteristics Number (%) or Mean

Number (%) or

Characteristics Means.D. (Range)
Gender
Male 42 (64.6%)
Female 23 (35.4%)

Body weight (kg) 38.9+22.0 (8.5-108.0)

Height (cm) 136.6£32.5 (69.5-180.6)
BSA (m?) 1.240.5 (0.4-2.3)
Age (years) 10.5¢5.7 (1-22)
PSCT (days) 3.9+7.4 (-1-38)
SCr (mg/dL) 0.4+0.2 (0.1-0.9)
TBIL (mg/dlL) 0.9+0.4 (0.0-4.0)
Het (%) 28.5£4.2 (15.7-38.8)
Number of blood samples 650

CSA blood concentration (ng/mL) 186.0£69.4 (47-471)

Disease
ALL 18 (27.7%)
AML 23 (35.4%)
SAA 12 (18.5%)
MDS 5 (7.7%)
JMML 1 (1.5%)
fanconi anemia 2 (3.1%)
PRCA 1 (1.5%)
HLH 2 (3.1%)
SCID 1 (1.5%)
Transplant type
Related stem cell transplantation 28 (43.1%)
Unrelated stem cell transplantation 33 (50.8%)
Cord blood stem cell fransplantation 4 (6.1%)
Conditioning regimens
BuCy (busulfan+ cyclophosphamide) 15 (23.1%)
BUCYATG (busulfan+
cyclophosphamide+ 3 (4.6%)

antithymocyteglobulin)

1S.D. (Range)
BuCyPML (busulfan+ cyclophosphamide+
1 (1.5%)

melphalan)
BUFIUATG (busulfan+ fludarabine+
antithymocyteglobulin) 8 (12.3%)
BUFIUCy (busulfqn+ fludarabine+ 8 (12.3%)
cyclophosphamide)
BUFIUCYATG (busulfan+ fludarabine+
cyclophosphamide+ 1 (1.5%)
antithymocyteglobulin)
BUVPCy (busulfan+ etoposide+

. 1 (1.5%)
cyclophosphamide)
FIUCYATG (fludarabine+
cyclophosphamide+ 12 (18.5%)
antithymocyteglobulin)
FluCyTBI (fludarabine+
cyclophosphamide+total body 2 (3.1%)
iradiation)
FluCy (fludarabine+cyclophosphamide) 3 (4.6%)
CyTBI (cyclophosphamide+total body N (17.0%

iradiation)

BSA: body surface area, PSCT: post stem cell fransplantation, SCr:
serum creatinine, TBIL: total bilirubin, Hct: hematocrit, ALL: acute lym-
phoblastic leukemia, AML: acute myeloblastic leukemia, SAA: severe
aplastic anemia, MDS: myelo dysplastic syndrome, JMML: juvenile
myelomonocytic leukemia, PRCA: pure red cell anemia, HLH: hae-
mophagocytic lymphohistiocytosis, SCID: severe combined immuno-
deficiency disorder

oj]2lS Wk o|AHjsTHREY] o 9 X5 QHoR
cyclosporines Fof RS Ao} Shxl= & 65 o|H PRl 42
], o 2= 239 0]tk 23 cyclosporine®] 5 Fx9] &=
= 65071 9o BF F50] H-2 186.0+69.4(47-471) ng/mLo]
Aot AWo] FRE FA I3 W89 (acute myeloid leukemia,
AML)P] 234, §4 Hx7Ad E™(acute lymphoblastic
leukemia, ALL)0] 1880 & tH-E-S 24§ o t}S-0 2= of
A ARE=EAINIH(severe apalstic anemia), F0|FAIEZTT
(myelodysplastic leukemia, MDS), 91544 T /dulEy
(juvenile myelomonocytic leukemia, IMML), $=1] ¥18 (fanconi
anemia), s~ A& T8 A3 (pure red cell anemia, PRCA), 8-
e ZZT F2)5=(haemophagocytic  lymphohistiocytosis,
HLH), $5E3H9238=(severe combined immunodeficiency
disorder, SCID) <=°] tH Table 1).

olale 7] A ARSEl 3StaMS Table 13 2o 71
ol Al8)el 313} @ -2 BuCy(busulfan+cyclophosphamide)
Act. FARIete] BANA FART FF 2 EA|FE| XS W
2 3= 289 o)A BRI B 2P RA|EOALS Bhe Sx=
339o|uet. 1 Qlof] AWE o)2)S W FRp= 40Tt B
Ak 719] BFE 217t 38.9422.0(8.5-108.0) ke, 136.6+32.5(69.5-
180.6) cme]o ™ AFAZS] HFL 1.2+0.5(0.4-2.3) m?o]aL Lt
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Table 2. Significant covariates screening

MODEL OBFV  AOBFV

BASE CL=TVCL*(1 + ETA(1)) 6761.3 -
Covariate

Height TVCL=06(1)*(height/136.6)**6(6) 6311.9  -449.4

Boc_jy TVCL=6(1)*(body weight/38.9)**6(6) 6293.7 -467.6

weight

BSA TVCL=6(1)*(BSA/1.2)**6(6) 62903 -471.0

Age TVCL=6(1)*(age/10.5)**6(¢) 6323.5 -437.8

BSA: body surface area
OBFV: objective function value

ol H 10.5£5.7(1-22)M1590 . &% Felolelda) & el
o] PFL 0.4+2.0(0.1-0.9) mg/dL2} 0.9+0.4(0-4) mg/dLE 1}
Ebtt). SvfE= | EE B 28.5+4.2(15.7-38.8)%t}.
& Fo #H gAY FRe

voriconazole, fluconazole, amphotericin B, caspofungin,

micafungin, itraconazole,

liposomal amphotericin B, voriconazole+micafungin®]$It}.
o] FollA cyclosporined] g &l FFS F+= FZA|
2 4# A itraconazole ¢ A= 129, voriconazole 4%,
fluconazole2 187, voriconazole+micafungine 17|t}
Methylprednisolone ©]2] ¥ o] 2l tfja1Eg-0] A5}
S X5 &FOoE FALIET o] W Fof W2 $Al= 31
Hol At
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NONMEM 2738 ALS3le]  cyclosporine®] two
compartment model2 -5} t}. 7% 2Ee] OBFVE= 6761.3
o] 7]z Rdoj|A 53} population mean¥} SEM (standard error
of the mean, %)) 63t Z2F CL (Lh)=79(30.7%), V2
(L)=42.9(63.4%), Q (L)=53 (58.1%), V3 (L)=1200.0(40.8%), K,
(h=0.000347(47.6%)°1CH Table 2, 3). LE)TL. inter-individual
variance of CL®] mean¥} SEM 312 0.39(24.6%)°]™ residual
variance®] mean¥} SEM+= 0.16(17.5%)°] 1t}

712 Bds EgE JF 2dS 75p7] AsiA 24K 7,
A, AEEA, 4, o), Foixtele] #A|, FF A olE
d, F W2, utEa E, BHE Fod gAY $7,
methylprednisoloneS ZAESIH O 1 FolA ou] = F
A 71, AL, AEHE], Yo tk(Table 2). 715 283
2do] OBFVe 71 ®Ed9] OBFVeL] Zpol= 6311.9,
449 401 BEA= 6293.7, 467.6, L}O]E= 6323.5, 437.80]aL
vpAEko & A FHZL- 6290.3, 471.02 7FF & OBFVY 2}
o]2 YehH Atk 714 2 OBFVE] 2lo|E Yehd A xw <
2& w2l yolof] #3E FHFE FUI8IR oW OBFVEER
6290.65 6290.3%1 AFHAT P wElwt) 2 o] AXch
aglste] HEFow Ha 1.29) A FAZ vho] Ao E3HE|Q]

Table 3. Pharamacokinetic parameter estimation with the basic
and final models

SEM  Inter-individual

Parameter Model Symbol Mean (%) voriabilty (%)
CL (L/n) basic 01 7.9 30.7 39
final 59 14.4 6.2
66 0.9 1.2
V2 (L) basic 62 429 634
final 54.5 31
Q (L/h) basic 63 53 58.1
final 3.5 31.2
V3 (L) basic 04 12000 4038
final 10800 55
Kg (h) basic 05  0.000347 47.6
final 0.000377 27.9
Inter-individual basic 0.39 24.6
variance of CL  final 0.06 30.7
55;'2;’2; basic 016 175
final 0.11 12.2

CL: clearance, V2: volume of the central compartment, Q: inter-com-
partmental clearance

V3: volume of the peripheral compartment, K,: absorption rate con-
stant

SEM: standard error of the mean

o) Ao the v} 2l
CL=0(1)*(BSA/1.2)**(6)

ZZ 2 o)A 78} population mean 352+ SEM (standard error
of the mean, %)®] 6%+ ZZ} CL (L/h)=5.9(14.4%), V2
(L)=54.5(31.0%), Q (L/h)=3.5(31.2%), V3 (L)=1080.0(5.5%), K,
(h™1=0.000377(27.9%)°1CHTable 3). Z&]iZ CLY] inter-
individual variance mean®} SEMZES 0.06(30.7%)°|™ residual
variance= 0.11(12.2%)& 7|% X4l o] gki o} 7H3130 T} 6(6)2]
mean?} SEM= 0.9(11.2%)°|t}. CL9] inter-individual variability
= 712 29 39.0%14 6.2%Z 7H38l5ith

2 2ol A] 73t observed concentrations (DV)(ng/mL)l|
)3} population medel-predicted concentration (PRED)(ng/mL)
o] AFE%T, observed concentrations (DV)(ng/mL)ol thak
individual model-predicted concentrations (IPRED)(ng/mL)2]
AFE %= Figure 19 YER AT

2k
p =}

inl Z=

ZYRAF|AS e =t Lo} FAE oz A
cyclosporine®] ok eFa8}t AtellA] 712 2 5 G
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Fig. 1. (A) Scatter plots of population model-predicted concen-
frations (PRED) (ng/mlL) versus observed concentrations (DV)
(ng/mL), (B) Scatter plots of individual model-predicted con-
centrations (IPRED) (ng/mL) versus observed concentrations
(DV) (ng/mL).
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