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Immunosuppression in Pediatric Kidney Transplant Patients

Sang-il Min, M.D.", Ahram Han, M.D.!, Chanjoong Choi, M.D.!, Song Yi Kim, M.D.",
Hee Gyung Kang, M.D.%, Il Soo Ha, M.D.? and Jongwon Ha, M.D.'

Departments of Surgery' and Pediatrics®, Seoul National University College of Medicine, Seoul, Korea

Over the last two decades, newer immunosuppressive agents have been introduced in the field of solid organ transplantation,
and provided better graft and patient outcome. A wider range of immunosuppressants available to transplant physicians have
resulted in improved therapeutic strategies to offer the combinations of medications with non-overlapping toxicities and more
suitable immunosuppression. However, only a few clinical trials of new immunosuppressants have been conducted in pediatric
patients. This review will discuss the cutting-edge strategy of immunosuppression in children and the current status of new im-
munosuppressive agents in pre- and post-transplant management to prevent kidney allograft rejection.
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of ol=glom, uljid 400] A &f Ao 4lo]A|o] AJFYE| L
U=l A 7150] 257 e, HAF 7]50] 157 Weo]
t}(5). OPTN/SRTR (Organ Procurement and Transplanta-
tion Network/Scientific Registry of Transplant Recipients)
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Fig. 1. Immunosuppression use in pediatric kidney transplantation in Korea. National Survey data (1999~2000). Adapted from reference
[8]. (A) Calcineurin inhivitor (at transplant), (B) Induction agents, (C) Anti-matolites (at transplant) and (D) Steroids.
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A9l RE Fx}of| A tacrolimus7} AFREITH= A, 18
I AFA| A €1 azathioprineS 10% W& 7+43F A my
cophenolate7} 80% ©]A}2] Zkxjo|A] AFRETH= A So]
ch(Fig. 1).

Rl

2. FEHAAFK|
1) H|21Z4A gH|(non-depleting antibody): IL-2 42X Z
A

IL-2 =8A= a, B,y Al A AQ1e] vle Ao o]

2o]4 Q=g o] & LulHol(CD25)L EAstE T A|E

o A Arskx A (upregulation) FOZH T A|ZLO] 483
o

WASHE doitt IL-2 &4 A3A|7}F B aZd (non-
depleting) S| 2 A o]BA| 2F23}=7}o) &l c}oFst 7+
Mol Ak GA2E YAVt LA le] we st

2o
2 ARTonA 129 584 ATE HHHoE Wi
A W3 12 2] o3t T AE Z40] ojAEE Aoz
AZFETH9). IL-2 =84 A3A| & vk Z4F Al
EF2ZRE =3 DNA 7] o]-&35to] A4 daclizu-
mab (Zenapax; Roche Laboratories, Basel, Switzerland)-&
tf o]} o] 4] Hofoll A ARGEA] AT ZH Y T ASE

Fl

B3} ¢ basiliximab (Simulect; Novartis, Basel, Switzerland)
— ?JXH Aol A FRILISHA ARSI ok
Jolof| A Basiliximab?] ¥HZ}7]= 7.2U0|11 £~ o

A Fols 347 AR, ARoA AR Aol oo}
A 35 kg BHEl FFQl of oo A o] WiEtT]= 7.06Y 0]
UL T N AA| &= FHt 458 £ 49U 52t {4 =
SIEH0). gbol 4] o} Ehxell A AlaEl Thlet arelT
oAl ETHl AT 7] s ke vlgre] Lo} F}
o A= 10 mg, 35 kg ©]/%+9] Ao A= 20 mgS 23]
A Folof ghol FHE L 3 WA FAHE 470 4
B 6X17F Yol Folof s £ WAl o4 F 4
Frolof Fhri(11).

o} A170] 4] Bho)A] Al W]
Ao A IL-2 =8A AFAE
oRH FAANS] WYL 1
ATH(12-14). gl Aot ge] 4ot

A4

Aoy A %
FER A o] 83}
T USE B st

=
APl M= s

A AR o] Qe B9 it Aol AWEA o
of ABke AAE FH5Ia B AAFE AR
ol 1} 2000 W% =r9] National Institute for
Health and Care Excellence (NICE) 1 ¢HNICE technol-
ogy appraisal guidance [TA99])o]| A= cyclosporine 4] 2]
HAAA R 7S W= Lo} Ao 4] SapoA F4 AF

L N |
HkS-o] HFAS: of|ulshy] 93l G- | 0 2 4] Basiliximab

Sang-il Min, et al: Immunosuppression in Pediatric Kidney Transplantation

o] A& FABEIL QUrk(1S).

2) 0z CAZE §HF|(depleting monoclonal anti-
body): Campath-1H

Campath-1H= AFEF B A|3E, T Aj3Z, ©HaiL9] FHo|
ZA k= CDs52¢f| tigt <1zt G dE2 Aot Cam-
path-1H:= alemtuzumab (Campath; Genzyme, Cambridge,
USA) 224 2001 B-A| 2 274w & o] ALg 5
QA AA|GE 7|0 4] Hopol A .3 ghul Hgo] o]t
AHE- Aol =718t QIth(16). Campath-1HE =Ujjof A
Z71o) Aol 52l Hof A= AT T3] o] oF Al E

2 B3 7% i Uk (DL PL7o] A% FHo
714 gro] EAjeh G0 B & Campath-1HE HI7H7]7}
oF 129dof BafalAt ol Aol o) A&EE T AE
W7+ Yok B AIE, NK Al 9 thels o] 17k
Hrt gz Yool A ooz 2913} x| 1A|7F Y]
o E7) AZBE AT Qubale] FE 3~592) A
Zro] Wasteh WelA| L] 3ol T 344, B A
3 127]o] B a3lATE T A|32e] ¢ 307]Y S 7]
=

Z 9] 50% Hreo] sjEul Holr), =3 CD4" 9 CD8”

T A2 5o A naive T A|3E9]| H]|3] memory T A|3E2]
3|0l B AstAl dojubA] gkom CDA+CD25+FoxP3+
24 T AZEA A om BERt(7). teby Ao} 41
Zo| Al sixlol| A= A A FHAAA A F](Calcineurin in-
hibitor withdrawal) = AE|Z0]E 3]y (steroid avoid-
ance) 59] A8 §4 A RS T HE 2O
2A 7MEAS RoFE A0 EILE QI Sharpiro
T 2615 2] Ao 417o] 4] Shx}o] A alemtuzumab 2] =2
7 Tacrolimus T QWS ARERE oA 11%2] 54
AR AR HuSECHIR). AR AT £
A &FA Uk, Campath-1H:= =< 2] 0.3~0.6 mg/kg (2|11
| 20~30 mg) 9] = aWo s AR EN A AFE
o]]/q 71—01 o]/s] 1314A1]i54]tﬂ hui] E].E Hx}.@.o] ttmu
5 $7hshe A0 BATAL oo} Lo} BN E o
Aok 2] glo] AHEE 4 912 Aoz AE ofal7t
A g7]0] Aol elo] Hol QX Th19.20).

3) 1z 22 gH|(depleting polyclonal antibody):
ATG
E7)0 AbE 75 AA 2 (thymoeyte) & WS HE5 &
A3 7ol W22 E8 0l ATG (Thymoglobulin; Sanofi-
Aventis, Paris, France)= A ¢l Al o]A]9] S-& WA
Al T4 AFRRES &A= 5elEe] itk Thymoglo-
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3919] ¥t & 71A ™ 1~1.5 meg/keo] &

bulin oF 32! gako

B 2~9UTt AREStT) o] 4] Hool A ATGE] fa/4d2 &+
=
Z

%

2 T AlzZe] 32z avto] Qs o] Fojxink. 12 2

[¢]

T A2 59 vl AsAlEZoe S nAl= Zdow
Huww glom g4 AR-EETE ofet 518 AuF
A 2| A o] AlH 7]5(delayed graft function) 2] o
o= aa7h s AR RiuEi Qi)

Li 59 Aol = " AA| =2 thymologlobuling-
ARESEAL FAHA A A = B = 2| F A0 nlo| =
glo|ERte AMEShE AHRO|E 3u] ZrEES AR
© 1339 TOHE Aol Aol Btel A ARue
WAEEA] oFokth(21). E3F Chavers 50] W3 ¢I71(22)
oA = v]5=3t A3HE B o Thymoglobulin FA] ZA 7
A ZEl ol =0 ok 918 welel] teEs
oA fEEelAAR AgE 4 9l Aos walrh

Thymoglobulin®] 7} &3F &3] &1t cytokine re-
lease syndrome, A7 AZ 9 I AZ So|r) %
719} thymoglobulin ARg- Aol A= AHhA|ZHfol 2|2
Agto] FolotA Sk By 22 A= 3t
ojglL YA R = Hiol2 20 == IL-2 84 4
FAL} v AR FE 4= A = leh21-23).

3. SXHAAK K|
1) Et3 22| 8 A(Tacrolimus)

B3 2 87 A macrolide A G2 HAAAAZA] 1985
o] Streptomyces tsukubaensisof| A -2 HE 2| &) %ict E}
S8 et FR-binding Sz} Astato] HaHS B4
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sto] Zrg oA AR EARS] AR S AT

FH] FARIARQ] NFATE H]2Hd3}AIZIth NFAT= IL-2,
IFN-y 59 2271010 42 MAME Al&6he Zo=
AARA LY o]& Bo| egfaReRAL 22 T A2 &

A3kE AAsta WA anE UErdTtH?24).

B AR R Ahes S5 S0 ol wef th=Xu F o
A 0] &E 0] 5~6T%F Holr F4] Aol 7H =t 7
T AR T 1~2A70] AT FESES wolu] ukg)
L 8~24A17rolt} 14 23] B8 e 3= A(Prograf;
Astellas Pharma Inc., Tokyo, Japan)&= @ 5.0] H|3]| 2 7
1 g% 557 9 Eoh(Fig 2A). EF A2 RAs IR
"3} alpha-1 acid glycoproteinof| ojj-$ 2+ A3slsla At
o} F Lo A3st cytochrome P450 3A 5% & A0
o) = AbELh Az Ral A | 2 AAT
oFES} wlol7h 23, A4 oFEFE Wk Mg Fe o
A|(narrow therapeutic index drug) 24 2|83 & =r
HUE o] A2, A E55Er @FtEsE
X135} H A (area under concentration-time cureve)2 2 Hi
sto] mUE o EA AR o] &HH(Fig. 2B)(25).
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Fig. 2. (A) A typical concentration-time curve and (B) Correlation of AUCy-24 and Cpyn of twice-daily tacrolimus formulation (Prograf).

Adapted from Fig. 2 of reference [31].
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3 oheUEE SE mUHAL Eo BE M4 d5bE
2 9% 4 QES fo AN, Az rA0 g
3 BE HA GFEEE o4 F Al7|o] et it

= NAPROTCS Halo] w2 o]A] & 1d# ul=; 4o}
gxte] et A EFE ¢lo] 6.2+0.4 ng/mL, H|S
0]& 7.940.8 ng/mLATH7).

AT A=A gazeFae &
g matolct. Al7fo] Al ghabe] oF 50% g e of A
o] Yyehdti= Buvt 9lon A AlEAL
oleld A5 Ao R WHEY okEo &5
slck. Y= 4l EBV (Epstein-Barr Virus)2} ¢

A Ao 91 JA| F71ek= A2 &
of H|sl| Aofo A T =T} B oAz AoR
. Cyclosporine®] v]3l] 1 ZHAHEES U &

Yot Slg F415 9 v AgsHA| ot
of Wi 4 A= a0t W Fad A=A F2st
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rlr
Jlov
o

> m3
S,
o

Y|
N

¢
0.

BN

as
IO =

;grﬂﬁom
o;{ouEmELUJ}n

Mo NN & [0 ko 2 ox Ho

2) 1 13| 28 Et322|FA(once-daily tacrolimus for-
mulation)
Prograf 7} 47] o] 4] QoA th$- SrshA Abgs

L A9 e 7]oFZ ol Eekal B8 Al 35

A B0k 313 12 23] Bgafof sk BAR Qs 5

&0l BAZE Agiek T 19 18] Bge gaz

2] 2 A (Advagraf; Astellas Pharma Inc., Tokyo, Japan)”7}

e o] £-8= Ao 7]ojed Aoz AZE) Adva-

graf-> QoA o]Fof%l Prografi}o] F2kjujd =7]

U8 A GG SULE YFSAseL A

S5 @ sAlsHH 2] QA Prograf @} Bl

£ o 32

s}
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SHFATH27,28). Tk de novo 417014 &t A 271 1~4
Azt A DF 57} Prografol vlef WA fA%= A
o mgimg SHZ A o A%k fxpofAf ob XA
3 st wold & Slve A aYsjof it
(27,29,30).

A3} &2 of fhxfof A= wl-g- A2 A7t AJRYE
=l Min So] A3t ofm ek ol mpEm Aof
Aol 4] ghatoll At Advagraf= QESHA ARE-E 4= 9l
i1 mgimg TR gk Alo]l oF 50%2] FAL7E HA DI

S FAB el §7F<] Wrgo] AR sHArkFie. 3). &
3] Min 5-9] ¢lof|Af Ao} Shxfol A= 1 18] 58 A
2| FAe FE 20EE PINE 5 9SS AT
CH31). ThRk of Aol 4] 2kt Al Advagraf o] %72
RS g F71Hel At Hasit

3) AIE2RA
Al &2 F A= macrolide A F 9] ¢FEZ A Actinomyces
hygroscopicusof| A 22| =t} 27]of FxltA| = 312 =
glout FurEl weleld] ke sl Age A gkt
7 epameracle) $24 §Abol BlE F F7 o
2 Bol 47104014 Welo AR A8
E 7] F 2~ (Rapamune, Pfizer, New York, USA)7} A=)
o} ol A 134] olate] 2ol Faol M $el¥)7) o
o Apejolc). Age) At BaRe|Roack 72 FKBPS}
HE A5rel H4 mTORS SlAsia ol ol
FRlo] lgt T AIE 248 dhalgieh. ufeba] Al
C T AEY] SR Wk oy IL2d] €3 Y
SRELC P ER E T HMERES PESER ERoE)
AR AlER A B3 B A HAIREd

/\ o]l__ }\]
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Fig. 3. Individual variation of tacrolimus trough concentration after mg:mg conversion from twice-daily tacrolimus formulation (Prograf)
to once-daily tacrolimus formulation (Advagraf). Adapted from Fig. S1 of reference [31].

JKST s



J Korean Soc Transplant - March 2015 - Volume 29 - Issue 1

g, FAolE AlEAGAMESA 9 BK A5 oA RITH32).

g o] AT AAOIGRE 14%~ 18%0] T 8F
A0 2% B TuE, B3] ehiwlel] Al
o} A28 R A% cytochrome P450 3A EZ£§ 4of 23
giAbEw g RE oz wiEE ok AofA Bt vzt
7= 62E16A17FC 2 1Y 13] FoFslit 134] u|qte] Ao
oA b tAl7E o Wt 19 28] Rofo] B 1y
o A% ORI WS} ) Fe obERA oFENE B
e go| IR3sttH33). A& 22} cyclosporine2 cy-
tochrome P450 3Ad4 B2 & A2 5 tjAF A7} 2o} =
oFE Apolo] AFE g0l LEpi} Bz e asks Ala
A gk Ao LA Urk34).

zob oA ABEFAE F2 DAY AR
ne AEeRaRe] AE EE 2AR o] Ha
318 97 Ao ATEol gk WYY Ex Ty
SAIE Aol A mlo]ZHEE o] E/AE 2o =2} 3H
gl Welol] ZerEe] mghE AlBe|Rat AR
B dEl £ A715E A5k Aae wald.
TP AR RAE SIS 04 &
kAol Al EBV viral load®] A|&2Q1 g 7hAgH
(35-37).

Agel o] Ak B3 $AgLe g Hleshs 1
AEEY Baugag NE W 9ETPLZY 2o @
FRFaFolth EBY]E AN AYE PET SE Uk
284 SRR AT 4 ek B9 S, 27 A% 5
= bR FUH st Fa% WEE F shueltt
(38.30). HFA 202 Lo} o] 4] Fafel HAHH Al B L
o F83F ol¢r Z Shib AT el njxL ggos

4, M2Z HAAK K|
1) Rituximab

Rituximab-> B A|3z2] £HE}-¢I¢] CD20of| thgh 7|w] 2
TGUSE FAEA B AZ H2F A58 E Yl A= ek
2o} Bhtol A WOl M2 A Rituximabe AR R,
FAWANY ARGES A7, o4 F PTPZ YAk
A&, e w4 SEA AR A= Foll A
49 5 9oy AF Bt EER F2 Ao|s By
wolth it Ao} BhAtol A R E kel 375 me/m’
£ Hl37 QS AT 4 e AoR Bas W gk

(40,41).
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2) Bortezomib

A FAAE gk At @l proteasome A
AQ1 bortezomib-2 2003 of] Thdh-E4=Fof 3t X EA 2
|7 = ATk AdsE AT 7154 Bo] FAE wH]
St T8 AlxolEg g4 9 v AN AFRES
of| A} Bortezomib& X &A= ARE-SH= TRFRE A7 9l
Q3L aof FANHE 1.3 mg/m’S 1, 4, 8, 117 o] A&
Stz ZREFO| ALy Hiv glovt 4o} hxtof A9
AR 7L - EEo] A7) Aol b /ol digh &
olo] & Qslch(42,43).

3) Belatacept

Belataceptl=' CDS0/CDS6S @] A|3ko] T A|Zo] 973
AF=+2S oH}sl= costimulatory blockade 2 A 2011 o
FDA?Q] %912 3 E3}o] Nulojix (Bristol- Myers Squibb
Company, New Jersey, USA) 2 ZA]%] ]t} Belatacept 2]
obA A3} G A-S BENEFIT @ BENEFIT- EXT 72
=3 I £4 &89 belatacept 150] cyclo-
sporine =0 HANAZRZEE TIFof Bl 127HdA
oA AEEE Hlustgo AFA e $4ael
TH44,45). & 11-8-8F9] belatacept= EBVo| tf&t H
o] gl BN F2 FRAAAE FWsH: o 4% o
EPEA A SPE ol BBV S4 Bel A
=712 ¥of Qi) o xfof A Belatacept] AR 7
o uj$ RaEsto] Famay wo] grkde). @A) v
of[ A} R E Axof Aol 4] Shatol A QPR f RS
Wolehe 24 A4 ROl Wa Folme 1 AT} /|
£ CHINCT01791491).

Z E

A def 24 dYA Ame ASAd 72
o] HUIL AR e TS HER e 2L WY
AA L] o= oot ZAlF AAIAY AEEE
SEA 7SS ol HEeAdEE Y e o
gAY Y T HAAAAY FAEE HEE A &
o8 sk TR 2L ofEo] A=A Qlat 4o Al
olA] FAEA T A GAA] 2o A=mEIL
ATk 5 ofEt o] A7 A S o)A Ao HEEE
FEA7I= AEEoloF & Aolnt mpA[erez 4of 4
ol 4] g0l Aol whet Al Fely o R waty
© AIZI7F wi- RIRSRaL FofRt Al7]o| B R o] 4] 2hAkE
HEote ARNES SAEY 2 &S=E A
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