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Figure 1. Inter-personal variations of cyclosporine A pharmacokinetics.
Curve a, b, ¢, d are depicting various phamacokinetic patterns of cyclosporine
A (CsA) in different individuals. All curves are same in trough blood levels (C12),
but different to each other in maximum concentration, time to reach to the
maximum concentration, half life, and the amount of drug exposure. So,
therapeutic drug monitoring with trough blood levels may be erratic and
ineffective in CsA therapy.

olo] E A= Lol AEITF 2 FE5E W% (3100 mg/dl
Y g/mf/day) & SuHkelE A FA RS gido=z ¢

T= S sA®] °ffshH
EAS ZAMS & CsAY As5gd, 748 I 58 SHSS Tk
Tl T HAEFEE(Co, Ci2) ol¢fox ofHl AlH FE7F FE9
AW === (AUC, area under the time-concentration curve)¥ A3%=
7b E=SAE ATBEgoew, CsA Xu A #-Eg sty EA4S
Al =3l o
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A3l FEE (>1 g/mday)o]de] s RolE 3to} F 341 o

Ak olF LA AT 18WoerR ANFFH HAMG uAwEd A%

v}

(MCD) 163, =524 #44 A2 485 (FSGS) 289tk =3 2|
2olreo] HLo| WE BHFaEE AHRo|t oFF AZS 139, A
2ol= AEgA AT 5Wolddnt. A FAIEF ] AF9 F 16HoRE Ax

2 AAR Zub 2199 (Henoch Schonlein purpura nephritis, HSPN) 11
g, IgA AHIS(IgA N) 537F Ao, 100 mg/dL ol Z=+
1 g¢/m”/day °]49 FS5% vyl 2/E o] X&HE HASE Cs

15 A7 ez dAsit. mHRol= &Y ATold Ze sy

>

NI

¥ 2 mg/kg/day (maximum 60 mg/day)S 4-6F7F T3k & kS
Zole EFolY T HAF QEste A2 Ao on, AH R =
Ao F 7Y ZH=y<£ 2 mg/kg/day (maximum 60 mg/day)
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= A &stdnh AES &olatAl a7l fste] 22 Gage EFeb~E viE S
< A de fAsReH, 10 kg W] ofFoA = T Ul
AN FASES sttt &, FFolu dullrt A Agol= FF

g4 23 sasoez % gl HAsty] fste] swWe S

Q7 8Ael CsA EHoF 2 AdS 7HAEo (0% = 043 °

F ofe ZA BEIGOr, B§ F I5E02547D), 3080543, 1
AIZE, 15ARE, 27138, 4713E, 6217, 8417, 12417F A3 Alo] A& stol

1247k FoF17H(dosing interval) &< & 10709 Al T AEZ2

TRt 7 3 AE F2 4 mlE e, A Al AEA =

ok AES ge % A4 AF A7 19S SolsA o] Aol

HAEol NS wldstgon, AY Anit & zhel sdstn AW

6. Cyclosporine A 5% &3
A8 4 mlE EDTAZF 349 F8 %2 (purple top tube) 5 7H9
ZF 2 my yUFro Y3 FEHA 5 ¢ AR HASHT. olF
m

DE Aol BasAu

AE =3, HPLC =4 So] 3 HA$E st -20°C olst=
= R

FESAS ot @28 F94L WA EA(RIA, radioimmuno-

assay) WS o]&3st= A& 7]

|

(CYCLO-Trac SP-Whole Blood

Radioimmuno- assay for Cyclosporine; DiaSorin, Stillwater, MN
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55082-0285, USA)E Al&3ste] SAsG . & HAIHS SH9 A=
20 ng/mle] A t}.

7. A5 EA

Azl mhE FRFE AR AN g FA

[K

i A )
ABBOTTBASE Pharmacokinetic systems software, version 1.10/1995
(Abbott Laboratories, Irving, Texas, 75015-2020, U.S.A.)S o] &3}
recursive least squares analysis WO =2 AUC (area under the
time-concentration curve) % Z& ¢fjsta FAF A=A CsA
FEeEFEFS "Wole AUCE dF5sted 7HE £2 AR 5= (point
sample concentration)E <¢olH 7] 913t SPSS/PC 10.0 PackageE A}
stz Al s=& AUC Atole] dlojs AaAIFE T3kaith
Cyclosporine AE 7|7 A 82A &4 JAAA B4 F e A=
271 B %719 oty 5o AolE Hlwstr] QM= WatE

=¥ (repeated measures analysis of variance) @ ZESS O™,

AR AT AN AAAs QabgHel Wael: ttest @ paired

t-test® A&l pEkol 0.05 PRt wf o)k Ao w AAE AT
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Cyclosporine A A5 7HA] & el B7}s ol 32k 349 9] <
g2 BEA 2 ds By, AulE 2212 IRy B@gkon, Harol
T 8740 A(HES; 23-17.0 AP, Hat AHW o3 7|7F 12.9+209
NLCAL]; 2-96 AMD)olch 4ol W shs ke uAHAS
(MCD) 169, =24 44 ATAASSEFESGS) 2% 59 YAH4
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CsA 55 FAE Aotk Hi dFw=7 250014 1700 ng/ml 7+A]
gabi Azke]l 4 RelA 4-54 74

s
chepake, A% 9 FARE %S BEFIE BFEHT AUCT Al
2

AxEs HostAdSs W Towte 1642084 hr, Cpat 788354 ng/mL
Rem, Cor= 805565 ng/mL, Cipe 58.7+33.2 ng/mL, Capv 246396
ng/mL, AUC+= 2949+1156 ng-hr/mL, Vd+ 4.03+0.45 L/kg, CL+=
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Table 1. Initial clinical features of 34 patients with renal diseases

Description

M:F 23: 11
Age in years 8.7 + 4.0 (2.3-17.0) @
Disease duration pre-CsA 12.9 +£20.9 (2-96) 2 months
Pathologic diagnosis MCD (n=16)

FSGS (n= 2)

HSPN (n=11)

IgAN (n= 5)
Degree of proteinuria Nephrotic (n=21): MCD 16, FSGS 2, HSPN 2, IgA N 1

Non-nephrotic (n=13): HSPN 9, IgAN 4

Previous steroid response® SD 13, SR5

Relapse rate of nephrotic
syndrome (/ year) ® 6.64 +4.45

a Mean *+ SD (range); P Only primary nephrotic syndrome(MCD, FSGS) patients were
included in this description.; MCD, minimal change disease; FSGS, focal segmental
glomerulosclerosis; HSPN, Henoch Schonein purpura nephritis; IgA N, IgA
nephropathy; SD, steroid dependent; SR, steroid resistant

_11_



Table 2. Cyclosporine A dose and its serial blood levels during one dosing interval
at steady state

P atient Dose1l Dose2 Cvclosporine A concentrationsof each time point
(mg/kg/d) (mg/m2/d) Co Co.256 Co.5 C1 Ci1.5 C2 Ca Ce Ce Ci2
1. 30% 3.2 126.6 90 99 145 512 830 720 366 217 128 59
2 o= 5.1 144.8 30 30 36 1443 1384 565 142 73 41 27
3 Zo= 8.9 231.3 231 268 465 960 1420 11330 690 516 263 167
4 A 0X 4.4 117.8 76 73 425 590 408 277 121 87 65 38
5 ZOoH 4.1 109.8 74 47 357 625 513 476 143 102 37 28
6 F0# 4.5 134.5 47 44 46 144 286 388 213 107 68 40
7 do0¢ 4.7 128.1 48 34 263 764 780 625 139 42 37 26
8 wo= 11.3 263.8 91 89 464 15617 1025 778 303 175 127 81
9 20¢ 4.4 115.5 26 55 812 978 766 484 94 55 26 24
10 0|l O %k 4.5 119.8 36 40 35 76 111 185 252 57 36 19
11 0l0=% 5.8 215.8 26 37 29 161 653 599 291 109 40 30
12 H 07l 3.9 136.7 72 77 61 329 540 619 339 219 73 28
13 #0=F 4.1 114.9 46 311 1400 1003 730 536 149 82 51 25
14 A OF 7.2 206.1 93 124 290 1400 1700 1300 358 189 137 101
15 olo¢el 11.0 269.7 55 59 179 451 535 544 282 119 80 36
16 2 035t 5.5 130.7 69 310 819 1714 1434 1032 403 166 102 70
17 % 0¥ 5.8 132.7 49 96 125 495 797 603 168 111 76 55
18 204 5.7 167.4 68 65 62 73 653 607 446 176 109 55
19 H#Oo# 4.3 166.2 80 83 79 457 1045 989 546 426 215 100
20 Zo0¢¥ 6.3 164.6 26 32 636 998 863 604 130 54 30 26
21 ! 0ol 5.7 196.3 108 106 237 962 986 684 429 213 154 100
22 0w 3.8 132.0 34 31 290 789 742 601 212 92 55 27
23 w0 3.5 100.3 39 45 153 559 714 497 182 91 63 49
24 Hf 0= 5.0 119.5 113 214 426 427 332 293 247 169 166 77
25 0l O 5.3 162.8 145 116 1238 397 513 570 614 360 169 94
26 = 0¢l 5.0 162.9 76 75 404 995 1005 843 317 132 120 71
27 # 0<% 5.1 176.0 58 68 215 761 804 588 273 176 83 67
28 ®O# 4.9 186.3 216 219 256 311 397 462 399 266 164 99
29 #Oo#® 4.9 111.1 73 108 97 497 1130 1024 | 218 126 98 68
30 Zo=x 5.0 1562.5 256 99 232 565 603 558 1400 528 200 82
31 o2 3.4 137.9 47 37 34 176 454 470 188 100 53 25
32 Zo# 5.1 173.8 51 57 45 826 996 826 382 129 76 43
33 Zod 4.8 1562.2 69 73 219 977 1006 697 317 204 108 66
34 ¢do0¥ 5.0 166.5 120 82 110 399 647 723 465 287 188 93

CsA, cyclosporine A; Dose1, daily CsA dose per body weight; Dose2, daily CsA dose per body surface area;
Co to C12 denote cyclosporine A concentration of each time point from 0 to 12 hours after CsA ingestion in

one dosing interval at steady state.
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Table 3. Steady state cyclosporine A pharmacokinetic parameters

Patient Co C12 Cmax AUC AuUC/d Cavg Cavgr d vd CL T12
1 30% 920 59 830 3085 15.4 257.1 1.3 4.2 9.2 52
2 Z40% 30 27 1443 2740 18.3 228.3 1.5 34 12.9 3.0
3 doe 231 167 1420 6110 30.6 509.2 25 4.8 6.0 9.1
4 0% 76 38 590 1516 15.2 126.3 1.3 4.4 8.0 6.4
5 Zoy 74 28 625 1764 17.6 147.0 1.5 4.4 7.9 6.5
6 FO# 47 40 388 1561 10.4 130.1 0.9 3.9 104 4.3
7 HOo¥ 48 26 780 2098 21.0 174.8 1.7 3.8 11.0 3.9
8 Hox= 91 81 1517 3891 243 324.3 2.0 3.7 11.3 3.8
9 20¥ 26 24 978 2216 222 184.7 1.8 35 12.0 3.4
10 o|ost 36 19 252 867 8.7 72.3 0.7 3.7 11.2 3.9
11 0l0% 26 30 653 2190 5.5 182.5 0.5 3.3 13.1 29
12 07| 72 28 619 2338 11.7 194.8 1.0 4.3 8.7 5.7
13 #O0& 46 25 1400 2750 27.5 229.2 2.3 3.9 10.3 44
14 4loF 93 101 1700 5080 254 423.3 21 4.0 10.0 4.6
15 o|o¢g! 55 36 544 2260 11.3 188.3 0.9 34 12.9 3.0
16 #Ost 69 70 1714 4850 60.6 404.2 5.1 4.3 8.6 57
17 208 49 55 797 2410 30.1 200.8 2.5 3.8 10.9 4.0
18 209 68 55 653 2610 13.1 217.5 1.1 4.1 9.3 5.1
19 Fod 80 100 1045 5220 17.4 435.0 1.5 4.3 8.3 6.1
20 Zo¥ 26 26 998 2445 16.3 203.8 1.4 3.3 13.4 2.8
21 _Zioo| 108 100 986 3837 12.8 319.8 1.1 3.8 10.8 4.1
22 Z103 34 27 789 2431 12.2 202.6 1.0 3.6 11.6 3.6
23 #o@ 39 49 714 2230 4.1 185.8 1.9 3.9 10.3 4.4
24 H{OS 113 77 427 2165 28.9 180.4 2.4 4.0 9.9 4.7
25 oot 145 94 614 3088 15.4 257.3 1.3 4.7 6.3 8.7
26 z=0¢! 76 71 1005 3603 18.0 300.3 1.5 4.1 9.5 5.0
27 #0< 58 67 804 2970 11.9 247.5 1.0 3.8 10.8 4.1
28 FO¥ 216 99 462 1820 6.1 151.7 0.5 4.9 5.4 10.5
29 EO# 73 68 1130 3250 54.2 270.8 4.5 4.1 9.3 5.1
30 _Foz 47 25 470 2284 24.1 182.2 1.9 4.0 10.8 4.1
31 _Zox 256 82 1440 3920 15.7 326.7 1.3 5.0 4.3 13.5
32 zZlogh 51 43 996 3260 13.0 271.7 1.1 3.8 11.0 3.9
33 ZloAd 69 66 1006 3449 17.2 287.4 1.4 4.2 8.8 5.6
34 od 120 93 723 3300 13.2 275.0 1.1 4.7 6.4 8.5
CO0 and C12, blood concentration of CsA at 0 and 12 hours after drug ingestion, respectlvely, Cmax, maximum drug
concentration during dosing |nterva| AUC, area under the time-concentration curve T idal rule; AUC/d,
AUC corrected per dose of CsA Cavg, average concentration or AUC/dosing interval(12 hrs); Cavg/d, Cavg

devided by the dose of CsA(mg) adminlstered Vd, volume of distribution; CL, clearance; T1/2, Half life
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9.69£2.27 L/hr 912™, Tyee 531 + 237 hr S th(Table 4). T3k 34
o] gholol Al AHE 7 AFY CsA §%9 HIgoz I8 A&
=42 Lol AAZE CsAE Folstds W Al B A A st
A& Ko FE=(Figure 2).

H

3t 7} ke A uE FoH CsA 99 E% (mg)22 Lo
AMSAE W Tra, Vd, CL, Tiz 52 =¥ FA /AR Chut
540412 ng/mL, Co= 0.50+0.33 ng/mL, Cpi= 0.38+0.26 ng/mL,
AUC+ 195%11.8 ng-hr/mL, Caet 1.62+0.98 246496 ng/mLeo] 5o =
1 mge] CsAE FoAE A5 Lol dFH= 2 Fqe A x4 27]

s 7 F AA T (Table 4).

G717 FolAl 7hed &< WA (intra-personal) ¢F< St 54
o] Wia WAARZ wr] 93 11HA 12197 8 ATz ksl
AALE AA sty RS w, Tmaxis 1.73£1.85 hrol A 1.25+1.60

hr, Cna/dose™= 6.39£6.50 ng/mLolA 4.1843.26 ng/mL, Ci»/dose™
0.38+0.26 ng/mLel A 0.43+0.33 ng/mL, Caw/dose= 1.81+1.57 ng/mLell
A1 1.21+20.63 ng/mL, AUC/dose= 21.7+18.8 ng-hr/mLel| A 14.6+75 ng
hr/mL, Vd& 3.98+0.44 L/kgollA 4.02£0.65 L/kg, CLT 9.96+2.12
mL/min/kgell A 10.0+2.70 mL/min/kg, Ti2% 4.95%£1.70 hrol A
5224249 hr o= W3tE Hol A CsAFo 7] F4del vl 57
o490 R A2 AoR HolY(Figure 3), /N Fgshy A%

d Al R eke o, Aol FHF Aole AT F glAd

=t

(Table 5, p>0.05). =, aololAl 1271YE I+ CSAE Fo35t

_14_



Table 4. Steady state cyclosporine A pharmacokinetic parameters
and its dose corrected values at early phase of therapy

Parameter Values Corrected values?
CsA dose (mg/d) 179.6 £79.6 5.3 +1.8b
Trax (HI) 1.64 £ 0.84 1.64 £ 0.84
Crnax (ng/mL) 788 + 354 5.40 £ 4.12
C, (ng/mL) 80.5 £ 56.5 0.50 + 0.33
Cy, (ng/mL) 58.7 £ 33.2 0.38 £ 0.26
Cayg (ng/mL) 246 * 96 1.62 £ 0.98
AUC (ngehr/mL) 2949 *+ 1156 19.5 + 11.8
vd (L/kg) 4.03 £ 0.45 4.03 £ 0.45
CL (L/hr) 9.69 + 2.27 9.69 + 2.27
T1/2 (hr) 5.31 £ 2.37 5.31 £ 2.37

CsA, cyclosporine A; 2Values are corrected per mg of CsA administered;
bDaily dosage of CsA per body weight (mg/kg/d)
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Figure 2. Time-cyclosporine A concentration curve of 34 patients
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Figure 3. Comparison between early and late phase time-concentration
curves of cyclosporine A in 11 patients. Pharmacokinetic study
was done twice at beginning and at finishing 12 months course of
CsA therapy.
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Table 5. Comparison of pharmacokinetic parameters between
early and late phase of cyclosporine A therapy in 11
patients who completed 12 months course therapy

Variable Early phase Late phase p value
Trax (h1) 1.73 £ 1.85 1.25 + 1.60 0.085
Cax /dose (ng/mL)a 6.39 + 6.50 418 + 3.26 0.711
C,, /dose (ng/mL) 0.38 £ 0.26 0.43 + 0.33 0.635
Cayg /dose (ng/mL) 1.81 £ 1.57 1.21 £ 0.63 0.028
AUC/dose (ngehr/mL) 21.7 + 18.8 14.6x 7.5 0.660
vd (L/kg) 3.98 + 0.44 4.02 + 0.65 0.485
CL (mL/min/kg) 9.96 £ 2.12 10.0 £ 2.70 0.777
T1/2 (hr) 495 + 1.70 5.22 + 2.49 0.446

aValues are corrected per mg dose of cyclosporine A administered.
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Table 6. Correlations of AUC and blood levels of cyclosporine
A at serial time point during one dosing interval(n=34)

Timed CsA sample R?2 p value
Co 0.439 0.035
Czs 0.443 0.009
Cs 0.148 0.405
C1 0.540 0.001
Cis 0.803 0.000
C: 0.896 0.000
Ca 0.523 0.001
Cs 0.661 0.000
Cs 0.702 0.000
C12 0.764 0.000

AUC, area under the time-concentration curve; 2Pearson’s correlation coefficient; Co — C12,
cyclosporine A blood concentration at each time point from 0 to 12 hour after the drug
ingestion in the same dosing interval
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Figure 4. Correlations of various dose methods of cyclosporine A to AUC.
Daily total dose (mg/d, A) shows no correlation to CsA AUC(area under the time-
concentration curve), while daily dose per body surface area (mg/m2/d, B)
shows stronger correlations than daily dose per body weight (mg/kg/d, C).
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Table 7. Comparison of clinical status before and after
cyclosporine A therapy (n=34)

Variable Before CsA After CsA
Systolic BP (mmHg) 123+ 16.2 121+ 184
Relapse rate of nephrotic 6.64 +£4.45 0.72 + 1.45*
syndrome (/yr)

Ccr (ml/min/1.73m?2) 97.5+22.3 99.3+18.4
BUN (mg/dL) 28+ 7 29 + 8

Scr (mg/dL) 0.7 + 0.2 0.7 + 0.2
Albumin (g/dL) 27 £ 1.0 4.0 + 0.6*
Chol (mg/dL) 202 + 23 183 +13*

The mean duration of treatment and follow up is 9.3+ 4.6 (range 3-13) and 12.5%+ 6.6
(range 3-31) months, respectively. Ccr: creatinine clearance; BUN, blood urea nitrogen;

Scr, serum creatinine; Chol, total cholesterol; *P <0.01 by t-test.
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Table 8. Effect of cyclosporine A therapy in patients with
primary nephrotic syndrome (n=18)

Pathology n F/U (mo) CR (%) PR (%) NR (%)
MCD 16 13.4 + 7.8 14 (87.5) 2 (12.5) 0(0)
FSGS 2 20.0 £15.6 0( 0) 0( 0) 2 (100)

n, number of patients; F/U, follow—up period after initiation of CsA therapy; CR, complete
remission, proteinuria < 0.5 g/24 hr and serum albumin levels = 3.5 g/dL for more than 3
weeks; PR, partial remission, proteinuria 0.51-3.49 g/24 hr and/or serum albumin levels
= 3.5 g/dL; NR, no response; MCD, minimal change disease; FSGS, focal segmental
glomerulosclerosis
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Table 9. Effect of cyclosporine A therapy in patients with
glomerular diseases having proteinuria (n=16)

Pathology n F/U (mo) Reponsivea (%) Non responsive ® (%)
HSPN 11 10.2 = 4.3 6 (54.5) 5 (45.5)
I[gA N 5 14.0 £ 6.3 4 (80.0) 1 (20.0)

n, number of patients; F/U, follow—up period; & Proteinuria diminished to < 500 mg/24 hr
and serum albumin sustatined = 3.5 g/dL for more than 3 weeks were considered as

responsive to therapy.;  All other conditions than responsive; HSPN, Henoch Schonlein
purpura nephritis; IgA N, IgA nephropahty
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Figure 5. Response to cyclosporine A in 34 children according to duration
of therapy. There is significant difference in the ratio of responders
between two groups with duration of cyclosporine A(CsA) therapy,

< 6 months and > 6 months (p=0.013, by x2 test).
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Table 10. Side effects encountered during
cyclosporine A therapy (n=34)

Side effect Number
Hirsutism Abundant 2 8
Minimal P 25
Scr elevation  Transient 3
Fixed 0
Intractable vomiting 1

Scr, serum creatinine; @ Abundant indicates generalized
increase in body hairs with fusion of eye brows,
development of mustache, darkened face, trunk and
extremities due to the increased hair.; ® Minimal includes
any noticeable increase in body hairs other than those
findings in ‘Abundunt’.
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Abstract

Pharmacokinetics and therapeutic effect of cyclosporine A

in children with renal diseases
Woo Sung Chun

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jae Seung Lee)

Thirty four pediatric patients with renal diseases having
proteinuria  were  treated with cyclosporine  A(CsA) and
pharmacokinetic assessment was done. There were 18 primary
nephrotic syndrome; 13 steroid dependent nephrotic syndrome(SDNS),
5 steroid resistant nephrotic syndrome (SRNS) and 16 secondary
glomerular  diseases having non-proteinuric  proteinuria; 11
Henoch-Schonlein purpura nephritis(HSP-N), and 5 IgA nephropathy
(IgA-N).

Microemulsion formula of CsA, 5 mg/kg/day was administered
orally in two divided doses for 9.3+4.6 months. Pharmacokinetic
studies of CsA were done twice at early and late phase during 12
months’s CsA tharapy. The results were compared each other in 11
patients wether there 1is any intra-individual change of CsA
pharmacokinetics.

The steady state CsA pharmacokinetic parameters of 34 patients

were as follows; Tmax: 1.6410.84 hr, Cmax: 788+354 ng/dL, Cis:
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58.7+33.2 ng/mlL, Cavg: 246+96 ng/mL, AUC: 2949+1156 ng hr/mlL,
Vd: 4.03+0.45 L/kg, CL: 9.69£2.27 L/hr, T1/2: 531+2.37 hr.

C2 was the best to predict the CsA AUC (R=0.896, p<0.001). Body
surface area based dosage (mg/m?%d) correlates with AUC better
than body weight based dosage (mg/kg/d) and total daily
dose(mg/d) has no correlation with AUC. Intra-individual CsA
pharmacokinetic changes were not found between initial and after 12
months of CsA therapy in 11 patients who completed the treatment
course.

Anti—proteinuric effect of CsA was considerable in patients
receiving CsA under the dosage of 5 mg/kg/day (157+42 mg/m?/d)
for more than 3 months; 88.9% of primary nephrotic syndrome was
responsive and 62.5% of secondary glomerular diseases was
responsive. CsA therapy was well tolerated by pediatric patients and
there was no serious complication.

CsA therapy for steroid dependent or resistant renal diseases
having proteinuria in children 1s considered as one of the effective
and safe treatment alternatives. For effective CsA therapy, body
surface area based dosage(mg/m®/d) should be applied and C2
monitoring 1s recommended for the better AUC prediction in children

with renal diseases.

Key Words : cyclosporine A, pharmacokinetics, nephrotic syndrome,
glomerular diseases, AUC(area under the time-concentration curve), body

surface area based dosage (mg/m?/d), C2 monitoring
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