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Clinical Application of Mammalian Target of
Rapamycin Inhibitor in Kidney Transplantation
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plantation, Yonsei University College of Medicine, Seoul, Korea

Mammalian target of rapamycin inhibitors (mTOR-I)* is a novel
immunosuppressive agent that has the variable action mode,
such as anti-fibroblastic, anti-tumor and anti-atherosclerotic
effect, but doesn’t have a nephrotoxicity. Since March 2006,
two types of mTOR-I, sirolimus and everolimus, are clinically
available in Korea. In this article, we summarize the pharma-
cologic characteristics of mTOR-I and review the clinical appli-
cation of mTOR-| as the component of immunosuppressive
regimen after kidney transplantation. Sirolimus and everolimus
share the same action mode resulting in an arrest of cell
cycle (G1 to S phase arrest). Despite the similarities of chem-
ical structure between sirolimus and everolimus, there are
remarkable pharmacokinetic differences between the two
molecules. In summary, the half-life and time to reach steady
state of everolimus is shorter than those of sirolimus.
Therefore, there are significant difference in administration in-
terval and mode. Four types of clinical application of mTOR-I
were tried in de Novo renal transplant recipients; (1) for re-
placement of calcineurin inhibitor (CNI), (2) for replacement
of antimetabolites, (3) in combination CNI with low dose

AR : Ay, AEA AT 425 13417
AANT TN &7k, 120-752
Tel: 02-2228-2123, Fax: 02-313-8289
E-mail: ysms91@yumc.yonsei.ac.kr

*Mammalian target of rapamycin (mTOR) QA FAZE si-
rolimus (Rapamune“’g, Wyeth Pharmaceuticals, USA)$} everolimus
(Certican®™, Novartis Pharma AG, Basel, Switzerland)o] th %2 o]t}
o|#] gk kAol tg FH S Z mammalian target of rapamycin in-
hibitor (mTOR-T)°]1} proliferation signal inhibitor (PST)7} AH-8-%] a1
Qo) B E=FolAE mTORIZ Y7 Z2 gt}
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mTOR-I versus high dose mTOR-I, (4) standard dose CNI
plus low dose mTOR-I versus low dose CNI plus high dose
mTOR-I. Generally, mTOR-I shows superior results in graft
survival rate, acute rejection free rate and graft renal function
(eGFR), but shows inferior results in maintenance rate of regi-
men and occurrence of side effect (such as proteinuria,
wound healing problem and dyslipidemia). Conversion from
CNI to mTOR-I was tried in recipients with de Novo post-
transplant malignancy or chronic allograft dysfunction. These
clinical trial data suggest that mTOR-l may be useful in man-
agement of selective type of post-transplant malignancy (such
as non-melanoma skin cancer, Kaposi’s sarcoma and post-
transplant lymphoproliferative disease) or chronic allograft
dysfunction with CNI nephrotoxicity. Clinical application of
mTOR-I makes variable combination of immunosuppressive
agent possible. Therefore, it is possible to make the selective
or tailored immunosuppressive regimen that yields the best
outcome with minimal adverse effect. (J Korean Soc Trans-
plant 2008;22:169-176)

Key Words: Mammalian target of rapamycin inhibitor, Pro-
liferation signal inhibitor, Kidney transplantation
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(chronic allograft nephropathy)+= %7] o]
Agle g WAl 7|42 58 Hd
Z-&3heh () olel3t A o] AT 2l
Z+ A58l 2] A A (calcineurin inhibitor, CNI)2]
olu] de| Jef7l A= 109 o F A aHE o4
ol A HHA o] 2414153 CNI Al 54) o] &
Alel] B E 9lck(2) CNI A4 2 #3l7] 3t AL
Hog Hxg A5d AL CONIE viAlsla 719 Wy
& A Al (mycophenolate mofetil (MMF)S} 2~ H| Zo] Eyuk& A
8k Zloldek. a2t o] 3k CNIE A3 o Ale
HE 19 Wl 3RS 0] 53%0l 2], A5Ae] gl
Al 32 HAAA A7} FrtE Lo slA HArh(3) Sirolimus
9} everolimus (53} mammalian target of rapamycin in-
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hibitor, mTOR-1°] 2} eh+ o]2|d =4 & WEehe MEL
HAAAAZA, £ =iollAlE 20066 3G HE A
o] &1 &% mTOR-19] oFe|eH% A3 44 A &5 1%
3 Bazp g
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1) I

Sirolimus®} everolimust 3F3H4 o2 FAslH, 22 2H&
71375 7FA1 2 Q). Sirolimus®} everolimus+ A £ &
¥4%]o] FK binding protein?} 7Z3+s}o] mammalian target
of rapamycin (MTOR)E A && o & A A|gtct. mTORE] 4|
= AZF719 A3} Az S AR = AlZ i A
I A LA Al(cell signaling pathway)oll ATt of g5 w] =t}
wtb A mTOR-IE= FF2 2 & GlollA] S phaseE Wol7he
T X7 HEF7E Agtsto gy WA ans 714
th.(4,5) “5A]ll mTOR-I+= endothelial cell, fibroblast, 3 smooth
muscle cell 59 thokgt AlE£2 AA-g At (6) o=
A% Aollgli= mTOR-12] & Folu} Tz A 3l
tigk o9k o 2 mTOR-I7} AH&-E] &= o] &4 wi7do] =rh(7)
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Sirolimus®} everolimus®] 3}3H4 =9 Wi FAsLY,

olo W ARl SAdle B AolE Holh
Sirolimus+= BH4E7] (6041 78t A5 ol sl Al 7to]
vl ZAcked). webA 7] Falgeko] oz, dd
13] 588 A3t} vbHol sirolimusErl & ol 7ietE
everolimusi= °FA|8] P F=E HIAZ o ZH kA9
TrEE A 7I23A7he =8 AR SR &

ol A 7HEY)S whEs3dth(8) Everolimus: 27] s}
SeFo] Lo x| okow UY 23] BEo] HAz}ct F 74
oAl B AAREE FAE A3t €5 dEEEY 34
o] I g slrH(Table 1).(8,9)

Sirolimus®} everolimus+= &3] cytochrome P450 isoenzyme
3A45 F3lo] At} wElbA] cytochrome P4505 < A8}
At %R <FASh o] Folshs 7ol mTOR-1]
Y3Ewo) Me 4 ok mTORIS] WF ¥EE UE 4+
9+ A Z = aminoglutethimide, carbamazepine, nafcillin,
nevirapine, phenobarbital, phenytoin, rifamycins 5-°] At} A}
&-+2=(Grapefruit juice)= mTOR-18] FF& Atz 7+
o] E-&3sl= & Ftodof 3t} Wb el azole]s-2] anti-
fungals, ciprofloxacin, clarithromycin, diclofenac, doxycycline, er-
ythromycin, imatinib, isoniazid, nefazodone, calcium channel
blocker % verapamil, diltiazem, nicardipine$} propofol, protease

Table 1. Pharmacodynamic characteristics of mammalian target of rapamycin inhibitors

Characteristics

Sirolimus

Everolimus

Chemical structure

Metabolism Cytochrome P450 isoenzyme 3A4
Half-life elimination 57~62 hours
Time to peak 1~2 hours
Time to reach steady state 6 days
Brand name Rapamune®
(Wyeth Pharmaceuticals, USA)
Dosage 1 mg/Tablet
Administration method QOD

Interval for drug monitoring 5~7 days
Target level in CNI combined case 5~ 15 ng/ml
Target level in CNI withdrawal 15~30 ng/ml

(0]
HO/\/

CH,0

Cytochrome P450 isoenzyme 3A4
23 hours

1.3~1.8 hours

4 days

Certican®

(Novartis Pharma AG, Basel, Switzerland)
0.25, 0.5, 0.75 mg/Tablet

BID

7 days

3~8 ng/ml

8~12 ng/ml

Abbreviation: CNI, calcineurin inhibitor, such as, cyclosporine or tacrolimus.
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inhibitors, quinidine 5 mTOR-1 8% %% {‘—{—?_\:]-.
mTOR-I¢} t}& UjO.:,‘QixﬂzﬂﬂA AL
o] Folgte WA Aol whE mTOR-19] 55 ‘%l %%1:
zA o] AFH ot} (10) mMTORIS Ao]Z 2 Xl )] 7T
o] Folsls gl F5E I (synergic effect)7} 71t}
ol Ao]|a22F= I mTOR-1 E-F7} cytochrome P450 &
ZAlel ol WAE 2 E mTOR-12] thA7E A= o] area
under the concentration-time curve (AUC)7} Z7}38}7] wljit-o]
o} o]d] o] §& Ao|mazAER ] XL E 712y Y=
© 75l mTOR-19] BF5%7 543] 7H43i, o]
£ H9317] $Jske] mTOR-19] £3-8 2-3ul|l 2 ZaFsfo]of
ju}-(ll,JZ) o]#] 3k /‘]'°]fli/“43h+v4 Ao 2-E ol
Ao]a 2 AX" Fo] T 4A7+] 7HA-E T sirolimusE
Fold A At Yekus) Aolaz 2273t 2l B
A2 F2E sirolimusY A Foi7}b 7hsslet(14) 28
1} sirolimusE FA8he 73$ et 28 F29 AUC, HiE
=t HAEET}F F7ItRR ool tigk &eFzAo] et
t}.(15) Everolimuse Alo|ZZAE %’l o B2 glagefA
oke] FA] Fo7t 7hstel. dubH o2 CNISH e o
s 73 everolimus®] HA & %‘ S 3~8 ngmlE A4
=3 gieh(16,17)
Sirolimus3= mycophenolic acid (MPA)2] enterohepatic recirculation
= AAlkA gkomZ MPAS] AUCSH HAsE7}F A 2
2 A A8 wekA ‘]"’]ﬂi*gﬂﬂ} vy ej 7o

8 73-5-Ht} sirolimus®t 7Eo] Fo33= 7d-F- mycophenolate
mofetil (MMF) T MPAS A 443 A< Axsla 9

t}.(19)
4 %20l 23

AA A= mTOR-19] WEAQ] FArgo g, 38~
53%2] 3z}l A hypercholesterolemial} hyperlipidemia”} %t
At Wi AL vl ¥ 4go] 7h4E mTOR-19 o
WZo g B3 A7Sadrl EHEE Aol nl¥o
Azl Ak 20) 215 2A, A=F W 74 H AY 52
epithelial growth factor®] #7232, 77 W A% myco-
phenolic acid®} FAlol A&sts 735 HIMslA wAysi
35 Txl| vlElste] Qs ek 57 T
A A o (interstitial pneumomtls)o] XA o Z mTOR 19 &
= TolAY FTole A TAEUT(2223) CNIOA
mTOR-IZ A3t gAjoll A chull = &3] whAel= 98
SOoZ, mTORIE Febshe ¢ Dyt 4529

P A FollA = A A Ael w2 X F2HE o g
HZo= xpol7l glvka B w9l o) (25) thiEe] Ak
A v Z Aol A A Arell= mTOR-I+ AH-g3he W
F A e ol A WA= A3 A F] SR, Aol
2} 799 55%71A) urAsl= Zo g Haw 3 9lr)(26
27) o|218 4| Aelli= mTOR-I7} 7}A] % fibroblastel] T

3t A Ao ]]ﬁ;,]—oﬂ 7

—_

Qls}w], mTOR-19] Ah§-eko] Z7}3
off whehA Hga=d grSol S7Fhes) ey B3R
R e mTOR-Iel 33} gk opzt pojake mik 4
=, ol gl gy ol s ¥E teve Ae 2

slofof & 70|t} (27,28

‘..

AR AEH mTORIE o] &8 WAy @
CNI€] tixl, @ ol A}A] A (anti-metabolites, azathioprine or
MMF or MPA)2| thA, @) 84 9—&91 CNIg W3 fFof 5]
T 1&%F 32 A L% mTORI &8, @ B4-&F<] CNI+

A8 mTOR-I =& #-&32] CNI+ 832 mTOR-1 &
o] A== 31r}.(29,30)
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mTOR-19] 277] 4= o |
#1¢] mTOR-IE CNI 2 EH*}ZHE Eﬂj‘ﬂ*}l‘ ‘30]'
A5 ek Az Al o] A% CNIZ tA|gF mTOR-T 7
£ sirolimusol| AT A/ 2% 9t} Alo|a g Ax ey v gl
sirolimus 0] -2 =2 0]A] A 7|57 E(estimated glomerular
filtration rate, eGFR)< H.¢J. 0w, wHAl o] &A1= (chronic al-
lograft nephropathy; CAN)S] M=% Joke} (31) 28t
sirolimus 7o ol 4] kA Fe FAbgoll &gt FofFrte
Hlgo] Eshow, Adaa I F(ElE o] lymphocele
), TFAAl 9 AR AP =T Fheleh(32)

CNIS} 2H|Zo|EE B4&HF o FAHA MPA =
< azathioprine TJAloll mTOR-IE AH-&-3F o1+ sirolimus$}
everolimus EFollA] A2 gt} S AAS E3kel o
A ATl vlste] mTOR-Ie £33t WAL F4AF
uhg-o] WhAo] ugkow, 2kl xfol7t giAY AiAlE
nlolg] & 7hedo] ZHAst4ir).(33,34) et} mTORI H <
A ATl A 9] o] A Al7]5o] thzroll vlgte] folslA &
25193 t}.(35,36) ©]+= mTOR-I®} W3 Folx= CNI &
g 29 2A HA5o), ol ATFolA ONI S 7

At dl vk = 9ch(35,37)

AA g2k Ao|az X I} W) FoIEE sirolimus
9 oaolze dF F5ol FHAIgle] 2 mg/da}’(x%‘g"ak)-"]‘ 5
mg/day (LE&FE TFE3to] ATE A3t A7) = U

o1},38) HTole dF sxol wEbA AEHE~12
F(15~20 ng/ml) 2.2 FE3t3 v} (39) Meta-
analysisol] 28} sirolimus -804 FA A FHEL-9]
HIEE Yo} o] AA7]5e] Aol W eZo] u = /;;
7Vt Aoz 43 % th(29,30) SirolimusE EF 2] F

9} Fro] Foldl= Sl E &2 mg/day, 4.57 ng/ml
C0)& A &27(0.5 mg/day, 1.43 ng/ml)oll v]slo] FA7A 3
Hh-o e Ugton), FArg-o] uieE E9kvh4o) 11

ng/ml)¥} 1§
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28| F0ke W3l Fojo 33t adte
JSEHA = 2 delolth

Everolimus®] €% &X7} 3 ng/ml ©]&}<l 73 $-oll= FA
AFNEEe] RIE7F Sohsln g, 242854 3 ng/ml o]
45 L7} (42) Kahan 5o] A3k 27] AT 43)E Al
9gk G4 SeFe] AolazAXzte] HgHFo] QoA
everolimus 1.5 mg/day— A&7 22, 3.0 mg/dayd- 1§
g o g T3Sl (44) Everolimus 2-8-37-o] A&
of] nlgte] FAAFRES-2 vl koA = frel3gtk vhdol] o] 4
A5 T F BAdA = diF oz Eel3t AXe K
A t}.(44) 12} meta-analysisoll A= everolimus ol v}

2} FAAFHE Soll vX] = g2 sirolimuse}t 2] v]u]
813 et.(29,30)

CNI®] &7 mTOR-19| &< vhFatA 48w w
dAley oz F4EF9 ONI+A &3 mTOR-I9} A&
2] CONI+ &2 mTOR-19] H] AT Z o] A #P=]g)
t}. Sirolimus®} Alo]ZEZAEE S W Folsl= o ol A
£ F 70 o144 AZEI FAARELE WEelt
Aol7h glovk, Ageel AolmzaEe + 1ge sirol
musS] ol A4 73] ] Aol AT +H &
2k sirolimusol] B]&lo] 4819 c}.(45,46) 1L-822] everolimus
(3.0 mgday)E AAEHF §2 AEFY Aolarx
W3 Foldt QTN 1§ Aoz AEel Told F

AATNSS E33E A 84 NlETL Y, o] 44l 7]
sol $5% Aor Rustw gleh¢7) ALF ever-
olimus (1.5 mg/day)& B &%F 52 #-§%9 E‘rﬂiﬂl-r
229} W Foldt Aol A= F T ﬂ A Aol Aol &
o]7] ¢fo}, A& Bl ZL F-ATE 1 AL 58
Ao HyEx 9lrh.(48)

2) AlO| X@ol ¢A

>
o
40

o] o] A7) 3| 4] HFAJo] A1 215 chronic allograft nephropathy,
CAN) o]u} urA4 o] A A1 7|57 el (chronic allograft dysfunction,
CAD) 3 CNISA & Hol& oAl A& Uiz +
g A A E CNIGA mTOR-IZ W& A& }oq o},
o o Lol|A] mTOR-IZ Q] gL o)A A 7|58 A4
7IH, o] A4l &4 9] T & Folv AeE 3;6}1 9
th(49) e} 20~46%°] $HA= mTOR-IZ 9] Z3kof] uh-g-
shA] gkom, o3t Fub-gt> gk Ao o|m] {23t
o nE 52 9% Falolelde F5, CANY| HE
gt& ol #e &3] & Sh(arteriosclerosis)] 70| =

% T HHJ‘iBH AE7} X Foll gt vk
EXis oﬂl%—"dx}olmv}(w) Diekmann
TG 7heEhd =7 ]01] A A e AR, dF =
7} 2.5 mg/dl °]&}, ‘3—%%1 31%“ ko] 800 mg
% A 23}l 33%0ll A= whil it whAdsl

10 days

Initial dose (4 mg/day) without loading dose

-1 0 1 2 3 4

Everolimus (Target level: 8~12 ng/ml), simultaneous|

5 6 7 8 9

or Tac

ly with CsA

10 days

Fig. 1. Conversion protocol from CNI-based to sirolimus (A) or everolimus (B)-based immunosuppression in maintenance renal transplant
recipients. A protocol waas adapted from the proposal of Diekmann F et al(57), and B protocol from CRAD001A2413-ASCERTAIN

study by Novartis Korea Co.
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2 g8 Al 2 angiotensin converting enzyme inhibitor
(ACE-D'} angiotensin receptor blocker (ARB)S AH-&38 71 &
st qlet.

CNI®ll 4] mTOR-IZ 9] A4 2 vhekslt, 7 742 oF
A7 TEEE 717l 1085 W71A $EF ok 2] o
Zo|t}. Sirolimus® el 73-Foll= A'd CNIE-Ze
Hho 7 2903 FAlol FaldF qlo] 3~4 mg/days 7o
8k & sirolimus 8% 557} 8~12 ng/mlol] o] 2EEF g},
AolA B AERIE AT s T, AR FAE
FAol] Fodke} (51) Everolimuse 4 mg/day® Fof & &
Z557) 8~13 ng/dlol] o] 2S5 &3S A3, CNI=
AEHE 20%4 29 ASE §3F& AT Sirolimus
¢} &g everolimust Ato]ZEAEZ oL} Bl E 2] F 49
o] HBelol s PuelriFg 1)

3) MOIAIE WS tYZY0IMS| mTORI9| 2

WTOR-TE WA Agahe s EdA $Ea
335 HQlth o]& mTOR-I7} Al A& AAIAH S A
7] WlEo 2, A¥H o F rapamycin o7l A vascular
endothelial growth factor (VEGF)2] 347} zZHld o] HA|
A JAlH o] HaE ulr} QI (52) 53] Kaposi’s sarcoma
= &% UollA 384 FEE2A9 vascular endothelial
growth factor (VEGF), Flk-1/KDR protein, phosphorylated Akt
gl p70S6 kinase 59 W& o] Z7lE v (53) o|E|dt HFE&E
A5 AABIE sirolimusE F0I3F2 Z 4] Kaposi’s sarcoma
o] A 3l (complete remission)E E 5} Tl (54) o vholl
AEAES ALldE 3 7qtke] X Foll mTORIE 2] AZHe
wo| Ak (55)
mTOR-IE ©]-&3F WA A A A o] 2A o] JFUYaIE H
ke 2 mTOR-I7} 7HA = &gk avtel ok ast
7} A= CNI9| AlA &2 Zgadrt Ssgd-es 2§
o]t (56) w4l mTOR-19] 3-EFaFE x| 5] o
ZA el X g o2 ZHFA = E7kslel oF2]- Karposi’s
sarcoma, 2 F4E3 A 2|3 7]
plant lymphoproliferative disease)2} 7+
stoiut I f Iyt Hawlolon, 37t Bakdlt n¥Ar] ]
ookl th3t ¢ A A S k(57,58 2
ol & Eshal oA Foke] ARk o A3at s e '
i, T A%, dAl o] 4Ale] 7 s el
whA] W AlA1e WA S AT g ek o] A4l 7]l
k33 73$-(GFR >40 mij/hour, SH % <800 mg/day)oll =
CNI9| FtF, mTOR-IZ9 A3k, MMFS| Ftl, A8 Zo]E 9]
A 52 WA ere] slte AAHLE AAE L
Ar.(59)

{1 18 to

[o}

Sirolimust} everolimusg ©]4] 2| ZHE| #A-7]% 0] wieod
ARA Lo AL S ol4) F A AFd

o O
o] ko] A s A 7HAsE B 20059 EE] Qo]

ek (60.61) 551 ONISH s A9 9502 A48
sHe 497 Bk b Fake] el Arkie2) oleld of
AF ool Uik I P ReLe BE RE FF o
JFpold 1 At Wasw gout, obg e w4
wol Wagl efolch, ZHAIEQro 2 hol A& A2y

7)

e

k)

>N

Aol 2t sirolimusE ZHOE o X BollA 2 %+
ol FaTe] dsltodAe obF 2 2 IV EE
t}.(63)

mTOR-19] 57402 thekdt 3o WAl ane] A
7F 7hsetAl EaL, ol A Al Aol g wWE
7 o o 4] @ W (tailored immunosuppression) > & 731
= Zolth. mTOR-I= F23 WY JAasE 7HAH
< oAl Tee A  don FAlol dtadE b
ke Aol e Wil A, AR Aol 8l
A AT 22 S FAlel 7HAIAL gl 71E8] ONI, &
J =

2

cg o

USRS =4
Hl2ol= 8l A4 e AA|eke] vhekdh x23to] AE
ow], 27ke] wlojel Al aniol wE oS3t ool
gk AR elw] A7]5e HoArh b e AW Foluh.

ZAlel 2

B ERe 2008 QAU SlThojst A7lol 4l
& A7H] AR o] Folhe.
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