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Alo]4] Ao A Microemulsion}
Non-microemulsion® 2] Cyclosporine

et 2 A sRua

#EAGT o)Fig gt ad, o2 o gujst AghRerm A’
e stmat aduesgay’

ZHY - 2GY - MFE - B zae’ - ot

1€+ o)

B & olHae] oFol UYolX Alo]F2ATH] VZFEE HAS FANAZE AL v
T a3 AP)E22¥UE microemulsion® ¥} non-microemulsion® 0.2 W™ gur
o2 o]4z7|4E microemulsion¥°] non-microemulsion¥ Bt F4+HE7 FA4E Ao
2 A gley oy F A AU5e FAdE FAEL YAoE § HudTE =B
o olell AAHEL Aeold F GAAY A5 FASE BAEL WASE microemulsiond
8 Apo|2E22X U non-microemulsion o] Alo|FRAX A FHYAL HmEn o9}
A AUCo-48F Co, Cootel BBBVAE B1A e}

& B :oolrstu Aol Molde wu HZ 6049 ol AHAHQ AL B BAES
% microemulsion® 9] Alo]FE2A¥Y (Sandimmun-Neoral®, Novartis)& #3 Foldts
2 157 (°18} microemulsioni)# non-microemulsion®@¢] Alo|Zz Axd (Implanta®,
Hanmi)& A7 ¥98= €2 153 (013 non-microemulsioni®) & AA&to] Co, Ci, Cs, Ca
E 34893, AUCe-% e FF8XES ANt £ microemulsion®® non-micro-
emulsion@ol A AF AUCo-49F 4 F%E (Co, C1, Cz, Ca)9bo] ABBAE T8t AUCHZ
7bE & gdhe EAANE ezt s ‘

# I : Microemulsioni# % non-microemulsion?¢] H# H&, AF, o}y & 2B
b g AR T Abelel fol@ xol: Itk Microemulsion®# non-microemul-
sion®® AUCo-4 (ng.h/mL)¥= 2,816£721, 2,055+658 (p<0.05), AUCo-4/dose (ng.h/mL/
mg)e 147149, 1054 (p<0.05), Cmax (ng/mL)E 1073363, 656248 (p<0.05),
Cmax/dose(ng/ml/mg)E 56+2.1, 34%14 (p<0.05)2 SATEHoE S8 Holg2 BTk
Microemulsion |4l Co, C28} AUCo-12t2l ##AFE 22 0.493, 0.906 (NS, p<0.05)0]Y
3L, non-microemulsion@o} A= Zzb 0.064, 0.980 (NS, p<0.05)0)th.

d B:dold ¥ dAHA A5 FAsE BAEAM microemulsion B9 AlolZz
£X o] non-microemulsion ol Hl&l T BE¥ W AUCesF B4 Jehds AUCH.
B #Ase HHoE Coit Co7t o HAY Aoz nmaY

h=]

O
vy
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&g FYr|Hoz 23 A 2HRE=S A &
A7A A Bol AFEHE & BHdAA T,
CsA: @A F 714 geje A7 AgH3 e
non-microemulsion®¢] CsA¢t T 7HE€ micro-
emulsion® 2] CsA7t 170tk Microemulsion® 9|
CsA: ARBAAS AAA, 2549 &9 28z
e IFY Rog FYstw Lx9 HdE
oty Holt}. oz Ia FF&o] MU AoV}
Yol wEtAE 20%AA4 50%7HA] &7t W= non-
microemulsion® 9] CsARTH &F&0] Hojd AL
2 d8d 9u?. Microemulsion® 4 CsA7} ]
B0l F wBe WddA AZo) AgelAg e I
Ao AN e 9.2y microemulsion® 9] CsA
7} sl 2ol £0197) ol™e] Aol S
& #4552 ob3E non-microemulsion ¥4 CsAE
Zopuby glon oAl WAE A ¥u e S
T gong AAEL Aol ¥ ¢HE AVTE B
o] #AE YANOZ microemulsion ¥ CsA%
7)1&d AlE5] 2 non-microemulsion #& CsA
o] F4go WF AEE vusd o= Fx= A
7F JER AHRD olg Fil "'E‘i?fﬂ"k?l i 5
el AWpanx gk ol wiE ofFE B
22 X532 ¥ non-microemulsiond ] CsAE
Boksl= AlES Xad W 2L = Hd 4
Ztg ),

olo] HAEL B AFelA Aol F AAH A7)
=g 7in g fAEL WA SE=2 non-microe-
mulsion® 9] CsA$t H /1EE microemulsion 2|

CsASl E4&0) W nlmst d¥ol CsAd FEZ
A o= Aol o #88 AAAEAA dopux
A g,

CHe S W

E dTE 20014 12958 20029 1€7A opF
geaEd AR oyl ol F 674€0
Auz gH Z#otelde] 1.5 mg/dl 12 A7E
o] AL FAEL WAoR HAPH ATE AY
st

o4 #BAE microemulsion® ¥ non microemul-
sion®9] CsA9 F5&o] U AEE dotrry] 4
& Aol F gAY A VS Roly ¥/ F
microemulsion®¢] CsA (Sandimmun - Neoral®,
Novartis)2 A7 93k 8% 159 (]38} microe-
mulsion®)# non-microemulsiond9 CsA (Im-
planta®, Hanmi)& 77 Folshs @4 158 (o8
1lnon-microemulsioni)& F4¢iz AAsA &
59] BE $AEL CsAS tlEo] steroidg H83)

3 Ya 34 s¥e AYsts 83E
mulswn:r“ﬂ/ﬂ 89, non-microemulsiono| A 40|
Hodgayos CsA9t steroid, mycophenolate
mofetile Adhga gden 4 Lol & 13e
CsA, steroid, azathioprine® % Atk °l&
o FoAd FAES Mojd F HEVIZFE microe
mulsionZl A 3.0%1.99, non-microemulsion T
A 472080tk (Table 1).

Z microe-

Table 1. Demographic Data of Microemulsion Group and Non-microemulsion Group

Microemulsion group (N=15)

Non-microemulsion group (N=15)

Age (yr) 4113 40%7
Sex
Male 7
Female 8
BWt (kg) 64110 63110
Duration (yr, after transplantation)” 3.0x19 47+08
Other immunosuppresant
Steroid 154 (100%) 154 (100%)
Mycophenolate mofetil 84 ( 53%) 49 ( 26%)
Azathioprine 14 ( 6%) 14 ( 6%)
CsA dose (mg/day) 200+ 46 202+45
Serum Cr (mg/dL) 1.2+0.2 1.2%£03
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e &4E S4& 4¥EA microemulsion
9] HEAHL 41349 non-microemulsion?$]
HWAAH L 40742 FEe] EAHY o= @
oo AF =G BAHY Aole QU & o
el FLEA FA 79, 932 89eldth. Microe-
mulsionwol A ko] B3 200+46 mgolYm
non-microemulsioni o] 2] &% 202+45 mgo
2§ T3 FAA Aole g ¥ Aoty
dx BAAHA AAole gk a2y AAge)a %
CsA®l 587]2k2 microemulsion #ol 4 3.0+1.94,
non-microemulsion WA 47108392 non-mi-
croemulsion oA o} giA AYch

7t §AEE o2 A} AFoA B2 CsA §
% HEEFE (trough level, o138} Co), CsA B3
N BFFE (918 C), CsA ¥ ¥ 247 83
FE (913 Ca), CsA T4 F 347 8355 (o)
CE FAstder ol ZFd ¥F dux (o3
Cmax), % #4£ (93 Cmin), ¥F X &
3= A7k (013 Tmax), €% ¥ 8% Hux (o]
3t Cmax/Dose), &% H 83 H4x (o3} Cmin/
Dose), AUCos, £ H AUCo4 (013 AUCow/
Dose)& 3ttt Edt ZAL AlgeMe Z} gxs
o] 83 FdolEld, Fopie CsA9 £3& 7123
Aotk CsAel ¥ Z4& Abbott TDxFLx& o] &3}
o FEE o83 GFEN FY HY Wy =AY
(monoclonal fluorescence polarization immunoas-
say, mFPIA)E %3] 339 AUCY Alte
e 2 3L AgEgn

AUCo-4 (ng.h/mL)=256+C1+09%Cz+1.4%C5>

£ F AAE 4T AL yNos A7) B
AL o] 83td, 247 Cp, Cy, Cy, CaB E8 AUC, 8
T8zt AFelAM 9 CsA ¥xote] AupAs =
& ol® AFHANM FE7 AUCKkE 7 & wads)
=3 Bt

2E FAEMS HFH B4 =39 SPSS
11.0& AH83td2m pit 005 ©l3tg EA%Y g9
TELE dFen Z Ad CsA ¥F 3:9
AUCo-49] 483A L Pearson correlation® A}&3}
AL Z 3t B E Mann-Whitney U test& A
&34t}

| o

1. Microemulsion®2} non-microemulsionZ

Alol9| Eex Hlm

CsA9 kg3 A& %L microemulsionT o A
32+09 mg/kg/day, non-microemulsion oA
33%+09 mg/kg/day® Fwte]l EATFHQ o=
212 Cmin# Cmin/Dose £ 17561439 ng/
mL %} 184.4£50.1 ng/mL 281 0.9+0.4% 0.9%0.3
o2 ¢ Aol QT (Table 2). Tmax:
microemulsion)| A 1.3+0.643}, non-microemul-
sionZoll A 171084222 non-microemulsion o]
A A HuAel =g out EAA o
= U (Fig. 1, 2). 28Y AUCo4, AUCo-o/Dose
£ 7217} 2,816+720 ngh/mLe} 2,055+658 ng.h/mL,
I 147%49, 105398 microemulsionT o 4]
non-microemulsioni Bt} 2|n| QA EA JEhFon
Cmax, Cmax/Dose E# zt7t 1,073%+363 ng/mL,
6561248 ng/mL, 18]35l 56%21, 3.4*+14E micro-
emulsion ol 4] non-microemulsionZEt}t B4
ERth 28] AUCE %9 A2 U average
steady state concentration (°]3} Cav)®} CsA2]
Cmax$® Cmin9 #& CavE UE B89 %PTF

Table 2. Pharmacokinetic Parameters of Cyclo-
sporine in Both Group

Microemulsion _, Non~
Parameters (mean*SD) "}‘rgg‘;i“i"ésf)‘;“
Dose/Kg 32%09 33+09

(mg/kg/day)

AUCo-4 (ngh/mL)"  2816+721 2,055+ 658
Cmax (ng/mL)" 1,073+363 6561248
Cmin (ng/mL) 1756439 184.4+501
Tmax (hr) 13106 17+08
AUCp-4/Dose’ 147+459 105+39
Cmax/Dose” 56+2.1 34t14
Cmin/Dose 09104 0.9+0.3
%PTF (%) ! 93+19 64120
Cav (ng/mL)"" 939240 685+219

*

fo—value <0.05

%2 PTF (percent peak-trough fluctuation)=([
Cmax —Cmin ]/Cav) X 100
"Cav(average  steady-state
the dosing interval

concentration)=AUC/
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Fig. 1. Non-microemulsion cyclosporine  concen-
tration at different time.
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Fig. 2. Microemulsion cyclosporine concentration
at different time.

(percent peak trough fluctuation)< microemulsion
Fo) A non-microemulsion® 2 ¥4 A=A

2. M#0| I microemulsioni®i}
non-microemulsion® A0|2} H|m

ooz e xolg ¥R FRat HwH3
o @A A4S AT AL AYrW o], A
Z A o] % CsA9 FopIzh, ¥A creatinine?]
¥E £ RE AR/ BARHSE Aol7t UNLH
CsA9] <kB9Es BE E£3F FAHLE ov] gl
E ol Holx ¥rt (Table 3, 4). LY oz}
#1 7&¢ dxd HYL 9 microemulsionolA
MAolA F CsAl F7]|7te] 27202 non-
microemulsion ¢ 49+t1.0¢d8 u|dA FtoeH
T4go ARE Hadgde @ Cmin, Cmin/Dosed

Table 3. Patients Characteristics in Male Group

Micro- Non-
emulsion microemulsion
(N=7) (N=7)
Age (yr) 41%16 408
BWt (kg) 64+10 6310
Duration (yr, after 32+19 45106
transplantation)
Dose/Kg (mg/kg/day) 2.7+06 3206
Serum Cr (mg/dL) 1.2+£0.2 14303

Table 4. Pharmacokinetic Parameters of Cyclo-
sporine in Male Group

Micro- Non-

Parameters emulsion microemulsion

(meant SD) (meantSD)
AUCo-4 (ng.h/mL) 2,400 £ 663 2,227+313
AUCy-+/Dose 13965 10.7+29
Cmax (ng/mL) 3581366 728124
Cmax/Dose 49+25 35%1.1
Cmin (ng/mL) 173£53 18565
Cmin/Dose 1.0+06 08+0.2
%PTF (%) 82*20 72*16
Cav (ng/mL) 800+ 221 7421104
Tmax (hr) 161038 1.3£05

Table 5. Patients Characteristics in Female
Group
Micro- Non-
emulsion  microemuision
(N=8) (N=8)
Age (yr) 409197 39.0+69
BWt (kg) 583+8.2 573195
Duration (yr, after 27120 49%10
transplantation)”
Dose/Kg (mg/kg/day) 36%0.8 34%12
Serum Cr (mg/dL) 11202 1.0%0.2

‘p-value <0.05

A9e YA AEEol microemulsionTHAA non-
microemulsion Bt} 80l Ao|& BolHA EA
Yeht AxrsEe] A$ microemulsion@ 2l CsA
¢} non-microemulsion® 8] CsAztel F3F Aolr}
ASe & F 3l (Table 5, 6).
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Table 6. Pharmacokinetic Parameters of Cyc-
losporine in Female Group

Micro- Non-~

Parameters emulsion microemulsion

(meanSD) (mean*SD)
AUCo-4 (ng.h/mL)" 3,179+583 1,905+852
AUCy-+/Dose’ 155%34 10.4£39
Cmax (ng/mL)* 1,261 1251 5931316
Cmax/Dose” 62116 33+17
Cmin (ng/mL) 178+39 184+38
Cmin/Dose 09+0.2 1.0+£04
%PTF (%)™ ' 102+11 57+21
Cav (ng/mL)"* 1,060£ 195 63514284
Tmax (hr)* 1.1+04 2.1+0.8

"% PTF (percent peak-trough fluctuation)=([
Cmax —Cmin]/Cav) X 100

"Cav (average steady-state concentration)=AUC/
the dosing interval

‘p-value <005 -

Table 7. Correlation between Different Single
Time Point Cyclosporine Concentra-
tion and AUCo-4

) . Non-
MICTOI‘?C‘;?J“IS‘O“ microemulsion

group group

o 0.493 0.064

c1 0911" 0.958"

& 0.906" 0.980°

C3 0.781" 0912°

‘p-value <0.05

3. Microemulsion2} non-microemulsion®
AlOI®] AUC % AlZHil sEkHIE

ol YT CsAd FEE Cy G, Cp, 2B =
A3td AUCo«e] A8 E ol Zat microe-
mulsionZolME Cio] F8AF 09112 713 &4
e Ce E3 090622 & AUBAE BHYo
™ non-microemulsionZ A4 E C7t A &A% 0.980
22 71 EA dEden Gt FrdA Y8t
BBAF7Y 7 2A YelgT (Table 7).

il &

CsA% FHZE non-microemulsiond ] CsA$t
HT ALE microemulsiond e CsA7F Y=o

microemulsion®¢] CsAE non-microemulsion 2]
CsART &4&0] Hold Aoz dax d. 29
Y} non-microemulsion® ] CsAX.t} microemulsion
B9 CsA7t FAAFREon} 718k 224 o)y
oy daiME olFANE =@ on
Goel ¢ A#o|2@AEL Yoz 54U 33
HLE A ojHAe AEgol WPARNZow
o] olafof glo] F oFAzEe] oz} QE Ao H
agch old) %3 Keown 7€ o] F R o=
microemulsiond 9] CsA”7l ©f J}& GEHEsH
54€ Yo T4 WYYA 71%L JE
the Bug 93 Pollard 59 AAola ¥ 19
F FHgE P2 9 microemulsion¥ 9] CsA7t
non-microemulsion® 8] CsART} FAAHFEurgo] dl
EE 933 oAy Qg =E PAFIOn B
¥y,

=le] deld fatolM o] CsAel FEHEFHH
< ATE 19879 deA 5% A nuy v 9o
™ ©]F microemulsion¥ 2] CsA7} 478 o]%2] n
2AgE . FWME microemulsion® 9 CsA
7t LS ) olde] AlojAlg we e FAEo] of
Z X non-microemulsion¥ 2] CsAE 5o @3 9o
AFHA W7 FASE e FAEL Yoz
5 7HA CsAdl tjg F4¢ AFE GolrE AL
v JE dFetn gz

B A7AE Agold AR RS Yo
SR ¥ o= HE o] Fizho] ARF o]F 4ol
AHFHLZ FAHL A= FAEL Yoz Yo
o Zue]l =948 Al712 A8 microemulsionol Al
Aeld F FGF7ire] oul YA AU EFES
A HgolA AMEA CsAY kg% G443 Cmin,
Tmax, Cmin/Doset= microemulsioni®# non-micro-
emulsionT A A2 27t Yot AUCh,
AUC-4/Doses= microemulsionT*] 4 non-microe-
mulsionit B¢}k o] Al A Uelen Cmax,
Cmax/Dose, Cav, %PTF %% microemulsionzol
4] non-microemuision PET}+ EA e} microe-
mulsion¥ 9] CsA7} non-microemulsion® 9] CsAH
O F5&0] FHolud: o8 EQe A 2y
Tt Microemulsion® 9] CsAE AHEH& o F47
Hurgel Rwst raslm F5g0) Holuh ok 9]
4FS ZFYE & A= BasEd £} wWolst
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Hoie F3e] glo) FF WAGAAY A o]
z@w sy,

Fzte]l Aol& HEE FEIA HIPE W ¢
el AL FEoEste] RE AR} microemulsion
24 non-microemulsion T3 HIRFHHE W FA
oz Aol7t YPo oo uE g FATEE
Hasrd E5€9 AEE HZIHYE 9 Cmin,
Cmin/DoseE A2 Unx] AFE°| microemul-
sion@®) 4 non-microemulsion® Rt} 2¥ e &
olg molwA EA Yehdth Hz #xTe ddA
EE & @A #479 A$es Mol F sziwt
EAEH zol7l YAE ¥ A AdolEldolt
e A FESL ol ¢Stk AojAF CsAd H&
7\7be BLeA st $izte] Folg HlasE A
o] ¥ A&e A7 vehd ALE Mol mpE A
2 7 2 7 F58L uagd ol ME Exe
AEARTY CsAel FF8d FFE "XE HAE
n#std B F wlasts Aol Hrk ARE 4
Tgo] & Aotk B ATFAE HNE 1t
AFL 71302 CsAs £%& vlwste £ st
ool g A& o] oA

9, CsAel BFFE9 ARurg, FaAsds 4
FBAZ Y Ao FA 7] HE CsAd F
ERAE AFol4 #ASNA A A715E FAT
7] $l8 WS Fasith AFAA CsAd BEAMNE
A4 7 AGS wygez delA e AUCe-e
Sate] WAYr|s} 2 AYR JAHoE HEE)
o Byt gtk sz AENEe @9 wiv)A
4 Hg 5¢ nHEse FEAEHY W
A1 dAFA FAHE Aoz 4¥A e GE ¥
EAe AxZ Aolgdh HAR 2R Coe %4EY
FgAe Frhskr) 98 HEHAG?. 12y CsAY
©Q7] FE G4ATNN tough levelol &
E2 FRARwEY s i MR TRV €
42 AEAely 718t $HFol $7H8HA trough lev-
elel EZAlG] di# Ade =gstankt . 2y
olF Coo] UAH F&Ao] hElA =Tl oA
Co7t AUCo-128F BHE ABBAE /e AUCHE
ZF Mg dttE EESo] ¥RH[T FUAAME HI
Aol AFe 1274€e] A BAEE L= =
AEEe W CE TR AER AHgEE Aol
gomets wazt YR, 58 BAH9 ol

9% ATE Aol F 1274€e] A 4lel4 #xE
A Co =7 AAEAY A% A C v=E A
N&r = STk

B AFoME FEte] CsAg 558 G, G, Cy,
C:& Z2Ast9 AUCe.ote A84& dotd A
microemulsionZ A E Cio] ABASF 09112 7Hy
=4 Uebgen C; EF 09069 =2 AATE
B9t} Non-micreemulsionZol e Co7t A8AF
098022 7% EA el AUGHE 78 9 9
g 28 e WS Hgd Bk o daAsst
13 ¥ Aol C7t HYIE &a Gt H7IE S
=9 3 A4 CsAd ¥35E @22 FAXNE T
s B 7 2 ANFHAANY EFFERLE FYAE
Fae B ok WEME BFon Gt FRAF
7 g R Ae 252U

Coe Alo]Al a9 dF sl Baste] FHYAFNE
o HHe 2Y F JdE dEANY FEY FEG
2 4 gloy B ¥ EFRo @it A% T
o|BZ CsA9 E4A7HE #HAEE HEALE A
aHAl stodokatm #ate] dirlA el Eoldtie @A
o] it}

CsA¢8 ¥EZAAY FFHA EHe FAAALNLE
£ A2ANE AR Fash} FIFHOE graft sur-
vivalg ARA7E Aolw Folg 7lEoz HANE
W FAARNSo] FAsI graft survivalE W3]
A dZAFN 77 Fosittn Azbdo, a2y ob3
CE V3o FERANE AL 9 graft survivalol
guiglA ZAagchs Fde glon ¥qF A9
AFe thg =ae ALE Aot BF G F=
AN AxE Fevn s JAFEE A
W gd, o] %2 CsAe F48&9 o7t &
Astnz b FAE FERAE W ZE AF
So] mAE AN AEEY HAATEI e Fo
of gug ouldMe xR & F ey ¢
ARog ALdrdE BL AU EAsE AE
Aol olE 39 FHAyt @ Aojet BRI

g 3N
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= Abstract =

Comparison of Absorption Profile
between Microemulsion and
Non-microemulsion Cyclosporine in
Stable Renal Transplant Recipients and
Therapeutic Drug Monitoring

Hyeon Kyeong Cho, M.D., Yongil Choi, M.D."
Gyu Tae Shin, M.D.", Heungsoo Kim, M.D."
Sungran Cho, M.D." and Changkwon Oh, M.D."

Department of Internal Medicine,
College of Medicine, Kwandong University,
Department of Nephrology®, Clinical Pathology *,
Surgery 7, Ajou University, School of Medicine,
Suwon, Korea

Background : Cyclosporine has a narrow ther-
apeutic window and many serious side effects. The
new oral microemulsion cyclosporine is known to
have better absorption profile than non-microemul-
sion cyclosporine. The purpose of this study was to
confirm above finding in stable renal transplant pa-
tients and also to compare correlation between
AUCp-4 and Cy, Co.

Methods : We checked the absorption profile of
microemulsion cyclosporine group (N=15, ME group)
and non-microeulsion cyclosporine group (N=15, NE
group). All Patients had received renal transplanta-
tion at least 12 months before. Blood sampling for
cyclosporine level was drawn before and at 1, 2, 3
hour after the cyclosporine morning dose (respec-
tively Co, C;, Cz and Ci). AUCo-4 was calculated
with the formula:256+C;+09XCa+1.4%Cs. Age,
sex, body weight, serum creatinine and cyclosporine
dose were not different between ME group and NE
group, but duration after transplantation was signifi-
cantly higher in NE group (4.7+0.8 versus 3.0+19
year, p<0.05).

Results : AUCy-4 in ME group was significantly
higher than NE group (2,816+721 versus 2,055+658
ng.h/mL, p<0.05). AUCy«/dose, Cmax and Cmax/
dose were significantly higher in ME group. But
these statistical differences were not consistent in
both sexes. The difference of absorption profile
between ME and NE group existed only in the fe-
male sex. In ME group, Cl correlated best with
AUCo-4 (Co:1r=0.493, C;:r=0911, C2:r=0.906, Cs:r=
0.789) and in NE group, C; was the best (Co:r=
0.064, C;:r=0.958, Cz:r=0.980, C3:r=0.912).

Conclusion : Microemulsion cyclosporine is more

bioavailable than non-microemulsion cyclosporine in
stable renal transplant patients. C» is better single
time point marker for therapeutic drug monitoring in
stable renal transplant patients than C; (Korean J
Nephrol 2004;23(4):611-618)

Key Words : Cyclosporine, Kidney transplantation,
AUC
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