AR gAN T g A24E Als
Kosin Medical Journal
Vol. 24. No. 1, pp. 110~118, 2009

Zo|Ad AN EST EAXE

A9y . A

TAh s o) get vs)2et wal

Update of Targeted Molecular Therapy in
Metastatic Renal Cell Carcinoma.
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— Abstract

Metastatic renal cell carcinoma has been treated only by immunotherapy because of its resistancy to multidrug and
radiotherapy. However, the efficacy of immunotherapy was disappointed and toxicity was significant. In the past 3 year,
paradigm sifting phase III studies about target agents such as antiangiogenetics and mammalian target of rapamycin
inhibitors for metastatic renal cell carcinoma were reported and showed improved response and survival. This review
presents the current situation and advances of targeted molecular therapy. The role of some major target agents such
as bevacizumab, sunitinib, sorafenib, temsirolimus and everolimus were also reviewed.
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1. VHL @93 E3A) Z =9} sorafenib, sunitinib,
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Table 1. Targets and action of selected target agents

Aol AAELT EAAE

Agent Action Target

Bevacizumab (Avastin®) monoclonal antibody VEGF-A

Sorafenib (BAY 43-9006, Nexabar®) TKI VEGFR (1,2,3),PDGFR (a, ),FLT-3,c-KIT,CRAF,BRAF
Sunitinib (SU011248, Sutent®, Sutene®™) TKI VEGFR (1,2,3),PDGFR (@, 8),FLT-3,c-KIT

Temsirolimus (CCI-779, Torisel®)
Everolimus (RADOO1)

mTOR inhibitor
mTOR inhibitor

mTOR
mTOR

* ¢ TKI : tyrosine kinase inhibitor

Table 2. Selected phase II/III studies of TMT in metastatic RCC

Author/reference  Trial design Treatment Line of treatment Evaluable patients (n) OR (%) PFS (mo)
Yane® Phase 11 Bevacizumab HD/LD ?ndt rokine 39/37 10/0 48730
ane e vs Placebo POSLEVIORING, 40 0 25
postchemotherapy)
9 Bevacizumab/IFN- @ 327 31 10.2
Escudier’ Pahse III Ist )
— e vs placebo/IFN- @ ; 3 13 54
0 Bevacizumab/IFN- 335 255 8.5
Rini Pase I vs placebo/IFN- @ 1st 355 131 50
Escudier” Phase 1I Sorafenib st 97 5 5.7
vs IFN- @ 92 9 5.6
. D Sorafenib . 451 2 5.5
Pahse 1II 2 X k
Escudier ahse vs placebo nd (postcytokine) 45 0 78
Motzer” Phase 1I Sunitinib 2nd (postcytokine) 106 34 8.3
1 Sunitinib 451 31 11
Motzer Pahse 111 vs IEN- @ Ist 45 6 5
) Temsirolimus 209 8.6 37
Hudes" Pahse III vs IFN- & Ist (poor prognosis) 207 48 19
vs IFN- @ /temsirolimus 210 8.1 37
16 Everolimus 272 1 40
Motzer Pahse I v placebo 2nd (postTKI) 133 0 19

OR : objective response, PFS :
IFN : interferon, TKI : tyrosine kinase inhibitor, : p<0.001

(VEGFR)3} PDGF receptors (PDGFR) &} A §ste] M
W ASHGSRERRE AN A2 B SHANEZHES
=3} sorafenib} sunitinib- A ZUjol| 4] VECFR (&
3] VEGFR-2)¥} PDGFR 52 M3l 817 bevacizumab- &
FAEZEo] BH|sh= VEGFE A3 jA|sh= VECGFS ©
A ZF 2384 (monoclonal antiboby) ]t} (Table 1).

2. mTOR 729} temsirolimus, everolimus (Fig. 1)

mTORE messenger RNA AL Tz B ohanz Al
Y 58 2Hshs PIBK-Akt Z 29| B84 Elo
221 71YA (tyrosine kinase)©]t}.” mTORE TSC1, TSC2
5ol 93] JAEHTZ YA AAIR}, TEE, mitogene
5ol 98 PBK-Akt FZ7} 843} 5™ TSCI, TSC27}F
AA|=]ojA] mTOR EFA7F SAstEr &4dst €
AL Al xS, 387 4 58 fEste] %
RS ="’ B3] PTENS] 24o] & A% o

).

S FA 92 AT Bk B3 MaS g oA

(median) progression free survival, HD : high dose, LD : low dose,

mTORS] BAdl= HIF-1e 2 S7HE fste] 94 &
B ANAEL Z7 171t} TemsirolimusE sirolimus <)
A o]H everolimuss rapamycin®] FEAZ o5 F
oFA| = FKBP129} A%Hste] mTORE A A 7IT)

(Fig. 1, Table 1).
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Fig. 1 mTOR pathway

mTOR : mammalian target of rapamycin, PI3K : phosphatidylinositol
3-kinase,

TSC : tuberous sclerosis complex, FKBP12 : FK506 binding protein 12kD

PTEN : phosphatase and tensin homologue depleted on chromosome ten

elF4E : eukaryotic translation initiation factor 4E, S6K : ribosome S6 kinase
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3. Efficacy of selected phase II/IIl studies of targeted
molecular therapy in metastatic RCC

Table 298] 2/33ATES SHMEH LA} & TMTZ
= ATHo] A7) dFE ] o o
© [FN-o¢ @52 5940 HwAFRon ofF g
interleukin-2 ¢4 ¢}¢] vHlWAFE gith Bevacizumab®=
IFN- @ #}o] B35 2 g37F S T o] 1o sunitinib,
bevacizumab plus IFN- @ FoF Zo] 7-8-2F interleukin-2
53 3 A ARAZ 4] ArkeA 22w
temsirolimus= & F7F B3t oA LaF X EAZ
9] E37} 33ATE B YFHe Ak E FHAA
oF= x%o]/ﬂ H]EU:]/\]H]EO

= sunitinibe] 37

} (non-clear cell metastatic
renal cell carcinoma; NCC-mRCC) ol thai A= Hudes S
9] temsirolimus 32179 A] Dutcher £'”0] NCC-mRCC
SAETel ARE O 2AL SR 23t 0ol Fu
M EZ R T} temsirolimus FA] WEE (overall survival;
OS)el B 2 33S Btk %7 &3¢ mRCC ¥
NCC-mRCCOA &= temsirolimus7} ZA 2 Q1 Ax}x| EA)
71 2 4 IAT Sorafenib-& X} EA| 2A]] 3AA T
obz] 3 Fo|n O|AAFABA = Al ETRIAE
Eoktgm o 2 Escudier ='2¢] 34+ oA sorafenib
glofio] B3 2u)e] PRSE Mol Ao et vl
o glo]Zal FyolA] JA|A| (tyrosine kinase
inhibitor; TKI) E=F th-2] o] x}X| Z 2= Motzer S'%0]
everolimus®] 34 Al ZHE ASTHL Tk oA
W Sl gk Aol wel ik A5kl o wask slel,
ol ukrolx Amnslz dn

e (s

4. Toxicity
oMIFTLFIAE X 5Tl oM XEA|e 5 - A&
£ (overall survival; OS), F713) AEE- (progression free
survival; PFS), WH3-& (objective response; OR) &= $8
SEA|RE o] Gt £ oHgtE FEEAEH F
Z2hg-o) o) &S st X 8E T Frd
A5 8274E HSAE 5 §IA Erh Table 29] 58 <A
T Z TMT ©= Fojo] 9 Yang” 9] bevacizumab 2
2} A Bscudier'”9) sorafenib 34 AT, Mozter'¥ 9]
AT, Hudes™ 2] temsirolimus 34+ A7, 28]
T Motzer'® 9] everolimus 34 A7 o] HuE SAS
S (NCICTC version 3.0, Yang 5%¢] 7=
Eeho=

i

P

sunitinib 3%+

version 2.0)

1) Bevacizumab”

Bl ofA| 9} vl FiF o2 sARE Fago] 7
73389t} Bevacizumabs ©HE-FS o] &

F7F o1 §lolA (Rini 5'7¢] 34 A& bevacizumab
3} IFN- ¢ WE5]) Yang 579 Bevacizumab -8 %<,
ME&, oS Blagh 24 TolA A58t Al
UE ALEGFFAT (10mgkg)s AT NCICTC
version 2.0 9|3t 457 FFE-L gldlen s &3
Fargo 2 il (64%), L8 (36%), FH 7 (33%),
MEY Q%) Fol YT 35 BAge T
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(20%), T = (8%) 5ol %l?ivk GAAA} 7] &3
FAE 025 ALT 5 (10%)°] AU 35F o2
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ol 1339 2/3 S5 28Yo] IAA 13He
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7% (4N 23 S Wt AQAR o]
A% 27k AR B Gk

2) Sorafenib'”

Escudier 5'?¢] sorafenib (400mg BID)& Eok3}o] A3
gk 3% Aol o8k 7P =3 FAE *EW (43%),
2 (40%), I =2 (37%), T3t (30%), Y= 27%),
T (23%)°] =oAL, 7} 3/4 55 ‘ﬂ@%° T
e (6%) 92 (5%), 352 =R
TOZ AUATE BAHAL #H 3/4 TF FAES
JH%i%— I 1%%, RIgo] 3% A AFA} ]
iz vz
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—

_I

o

3) Sunitinib™”

Motzer £'"0] sunitinib (50mg QD, 4wks on/ 2wks off)
Forate] Aldst 34 Aol ot 7HY Tk FARe2
AL (53%), I & (51%), 79 (44%), FHE 25%), T+
& (24%), LB (24%) &2] ol 8357 =
2 28t 8%), A= (%), AL (5%) & ©I3L 4%
54025 WRlo] 1%01A4 AATE AHAL #HHA 35
Ao gE guA A% (13%), 43784405 (12%), &
ZI0AZ (11%), @420 40Z (%), NI 1LAZ
on 45F EAHorE WY

F

soz 99

(1%), 35 +1440% (1% 5] AATE B FAEF vl
3le] LREE =40 7= 7 75K 51=0] 71%90 A
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9tk Rini 5%¢] mRCC A 66WS blako
sunitinib Fo{3FAA] #H2SE vi2= 1P 715 HAE

oA zo] 85%2] FAENA Uew TSH Aol
T0%, T3727} 68%, free TAZ A+ 23%, free thyroxine
s 30% o] SRboA BFER o 1798 26%)9] &+
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4) Temsirolimus"”’
Hudes 5'V0] poor prognosis?] mRCC IA}ES thito
= temsirolimus (25mg IV weekly) ©= Fof IFN-a
= Fof temsirolimus (15mg IV weekly) 2} IFN- @ W 3HE
o3t 3729 M ZATF 3 AP temsirolimus (25mg IV
weekly) T Fole] &gt RE- FEF (51%), W
2 (46%), N8 (45%), 79 (37%), 2E&F2 (32%) 9
TolaL £3 3/4 T FAR RS FEF (11%), &
T2 (%), 55 (5%, 74 (5%) 2] oItk £
N AAF 2Ao 2= WIE 20%), 28T (11%), 2AE
(3%), 577403 (3%), A otEd 45 B%) 5
=174
B

ATt B ofAlellA vla] EAJHE F-2pgo] AT
Zoz vy,
]

2 oy

1.

o7 Astdoen A5 & A 9
IAEZE, A oA ) ol AT 18"
mTOR AR 2l&d AZHAIGAZE temsirolimus7F &
Alste] BAYE AR B

LI

5) Everolimus'’

190 everolimusE (10mg daily PO) &
I S Bk 344A Tl mEE e FAHE
< 12 Sl em g F2e-2 U (40%), Tx
(25%), B & (20%), 745 (18%), Ak (17%), 2&72
(16%) 9] =oltk 34 57 F2H82 FHA (B%),
7 B%), BAEA HE 3% o2 WA E] v
vott), gaapte 2 IFHU2HE2ESE (76%), 2L

Motzer = Eol3l £

H

oA AlA xS FAXE

gF (50%), AFF1340ZF (42%), MeEZ (32%) SO]
S ekatel Hvls] ou YA &3 FARLo|eH 35FS
B2E AT AES (14%), 28 (12%), MAEZ (4%)

Fol, 4570 2E YTHaFol 1%elM AT 2L

mTOR A A<l temsirolimus 2} H]S23F 73S W o m
i As B8-S0l

5. Non clear cell histology

Frd 2l A 29 (clear cell RCC; ccRCO)S 414 EES2]
FES ZA 8k ccRCCOY| thgk TMTE] 27, 378 A%
TAI= oln] dE] A Jon AEHE tE d7E
gbeht FRHAEGS A 2l3 papillary RCC (pRCO),
chromophobe RCC (chRCC), sarcomatoid £3}& Hol&
RCC (sRCO) ol tisliA= ez A4+t 4
& Holt}. HZe] TMT= RCColA 8] VHL gene®| £
A8}7} 71BN G o g o] RCC &, ccRCCE A 7]1A
9 7 X 8o B8 7 d ol NCC-mRCCel| thk TMT
o] 87142 ofF delA UA ok ey YF- 4
oA pRCCIAE VEGF ¥ VEGFR-29] ztdo] 1
w]o] VEGF-EA X5 o|8H o8 F2 Xgido] &
2= e Choueiri B2V 419 9] pRCCQ‘r 129 9]
chRCCE A2 & sorafenib =& sunitinibS s e
u ZAA WHE-2 10%, PFS 10.6714, os—a— 19.671 €
0] 2™ chRCCE sorafenib 432} 27, sunitinib <9
2z} 1Y oA FEASE B o™ pRCCE sunitinib F
o3z} 2 oA FEHSE BATh 419 9] pRCCAE
oA sunitinib FoJFell A PESo] 11.971€2 51714 <]
sorafenibFo] T HTF SAI S 02 F-2]3HA o] 5o U
T} (P<0.001). Dutcher 5”& Hudes $'7¢] temsirolimus
¢} interferon-alpha®] &35 W3k 34+ AF-ol|A 9] 124
1 ¢] MSKCC poor risk non-clear cell RCC (nccRCC)©] =}
52 Ay BAYst (76%7F pRCC) temsirolimus @}
interferon-alpha®] &E¥Z V|23 =], nccRCCA
temsirolimus Fo<%¢]| interferon-alpha BT} 28] ©]4}9]
PFS 2 0SS H$oem (PFS : 7.0 vs 1.8 months, HR :
0.38, OS : 11.6 vs 4.3 months, HR : 0.49). temsirolimus+
nccRCCOlA] ccRCCET} £ OSE YepllE 43S
HAT (11.6 vs 10.6 months). L 2] FH2o] AF=2E=
Golshayan £°”¢] 43 ¢] o)A} Sarcomatoid RCCE T
Ao g7 TMTE A=t (sunitinib:49%, sorafenib:
28%, bevacizumab:19%, sunitinib plus bevacizumab:5%) PR
o] 8H(19%), SD7} 219 (49%), PD7} 149 (33%) 2.1

A

al
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©]9]9l ccRCC7} 58 ZA o] UTh E3 SDF HSl 21
Z 16 ol|A] AA] sarcomatoid FE] ©]2]Ql ccRCC7}
Aotk o1dg T8 1A neeRCCellA o
2 sunitinib®] sorafenibX o} L3 aE HY S
1} poor risk 9| A+ temsirolimus 7} interferon B0} $-
3l ccRCCAlA 2] X8 EHotE thE3E T3S B,
sarcomatoid FEJ S FHHeE RCCE FHA| £ o] T8 =
A& o|n sarcomatoid FENQ] H]&o] WS 4= TMTo|

T2 WSS Hel FoE B HI T

2
o

6. Sequential and combination treatment

YA EZ TMT o]F AW & v th5o= ofH
A 8E doF st=rtel tigk A= 719 TMTE] 3%
AF7h R o] FHZo Hol AFH AL Tk obF A
At HE&AE e XEoA] g 5Xx3]o] §lof
ASCO 20089l|41= mRCCe] TMT FHolx= HEX =
% X 8A g oA U BEI} YA 2B
Z9=R9 =07 AHHEH Rini 5770] bevacizumab
of £ Mol RCCEAL 61 & LR sto o]
22| &2 sunitinibg FoI8k 24 AFAHE HHIIHE
d], PR 23% (14%)H o™ SDE 59% (3678), PDE= 8%
(STHALHW  PFSe 3047, W71 4415, OSe
47152 o] ob4 g Ho] gle mRCCE e
2 3 Motzer 59 YA 8AIZAM ] A7AFAE T
2 B uxe AFEAu o)X A 2A e TMTRE
FEE vk A3E BRI A VEGE A A<
bevacizumab®l| =Z = o] XIS 53 TPzl o
H 7)HoR  sunitinibe] MAHE FHsh=A, T
VEGFR, PDGFR 5ol thgt A28 o|&at= A<
A= obF] BA Al 42 Adgolth @A w5 FDA
S<lslo] mRCCol d7] AMEEI A& sorafenibd}
sunitinib& 25 T3 142 717 TKI o|A| 4t o] 52

2
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o AZAHAE LRI Sorafenib £ F- sunitinib -
<+ 299 7} sunitinib o 3 sorafenib - B 20-S o
Jo= st HlwAs Az AR AIH
(time to progression; TTP)< U} EA|A= A B o+

>

N

P2} 207 vs 24752 & ZFo]7F gl oy o2 kx| 54
o] TTP= A, B & 217} .15 vs 36952 i # &
A A, = sorafenib Fo 3 sunitinib ] A48 S
2 9] = ZolE BATh (p=0.016). gk OSE A
oA 12F2 B9 4555 B £2 A4S BT
(p=0.61). HA=E sorafenib £ 3= sunitinib Tl A =2
R o] & 232 B9 o]§E  sunitinibe]
A 9} AAE F)fobA| o T3 ICs©] sorafenib Xt} T
Sto} sorafenibel]l olal AT AFYAAES] M
& 22 YUS AT 22357 AT (Sorafenib
AT Rat AAR FPNEFHE A0 A
SH71= b HEgF VEGFR-2 (ICs50:90nmol/L), VEGFR-3
(IC5:20nmol/L), PDGF-beta (IC5:57nmol/L) 5-<] A374<]
g 9ASHH sunitinib2 ¢-KIT, FLT-3, PDGF-alpha
(ICsp:69nmol/L.), PDGF-beta (ICsy:39nmol/L), VEGFR-2
(ICsdnmol/L) 59 elAAlelth, WeARE 12 S4o
We S ob4 32 A Eahw 9or o4 3
4 QPATE BAEA Ygkor 2 14 A7 2
FE L lrk ASCO 20089] EMHZHS FE AvE
W 14 AT bevacizumab plus sorafeninS), bevacizumab
plus sunitinib%), sorafenib plus everolimusz7), temsirolimus
plus sunitinib™ o] WILE vl o 24 YPATRE
bevacizumab plus everolimus ol T3t AFA=7F B
Hb gtk TiRe] ATl MEFoR WHELES A
Pal e nid $eEs £ A0 BT 3
ou} Zzte] epAlel Any WA £3S 23
2 A9 540 AN £SEI} LI Ao% Basly

t}.

=

R T

7. Dose and efficacy of TMT

Yang £Y& bevacizumab®] 24 AtelA 18]
bevacizumab (10mg/kg) Folw22 X-&72] bevacizumab
(Bmg/ke) B2 B ZaRLS w v FZApo)
il v 7 8FTol A BAFHo R QuiA F7HeF
o 45F9 5AL gtk OSe 2v e Aolrt ¢l
Ao PESo] gl A 4370 Lol T MEFTLE
30719l ORS L& HFTE 10% MEHFtS 0%
o2 (Y199 PES @ 2.5709, vsIL&FE 1 p<0.001, vs
X7t p=0.041, OR : 0%) L-&7wol|A &3} ofn
A Frkske AFE Bk S ASCO 200744
Amato 0] B8 27] 24} Ao mEH 441 o]
717} 7Fe8E Aolid RCC &Aks 5 1200mg/d7HA]

- 114 -



o] 71, 1600mg/d7HA] F7Fo] 13 ol|A] e on =
YAE CRo] 8%, PRo] 14Wolglom 143 oA 3701€
o] SDE A tkaL gtk SRR S 7kx] A
AAIAA A Fof T mRCCAA CRO] HIH o o}
glom vkg-Eo| g Aol Hlal w9 EUTh Amato
o ASCO 2008914 THA] 229 9] mRCCIASS it
© 2 sorafenibS Htf 1600mg/d7}A] Z#31S w] CRO|
19, PRo] 57, 79o] 3744 ©]e] SDE EAo™ 50%
o] BAESA PES7F MY ol HYT sk
Escudier 572 o)A RCCO|A] sorafenib 400mg BID ¥
[

I,

o & Av 8¢k 313 2] RSN A 600mg BIDE 5%
sto] Tkl om 41.9% (139) 9] FAEA 84
27t ARJAL sorafenibS SRS o o] 1/2
S FEgoIen 35F oA gt BIEk
t}h o]59] R ot §HTHS AHAYA v
GA ] EfeRA] Fokal A I ohE X FAde] @ &
BAo SFFFFAL 22 X EA R AL 7k F
29 A7 8 stk

8. Surgery for renal cell carcinoma in the era of TMT

1) Cytoreductive nephrectomy followed TMT

SWOG8949, EORTC30479 5" ¢] A7} 1}

A7 mRCCOA T80 AHEs

(cytoreductive nephrectomy; CN)2> E=2737F @ F
o

FEFT 20l 9 W T4H BHO= She 2
=

F IFN- 22b8 Foi3t galro] IFN-a2b BE o= Fof
gk 2ol Hsl SAIS o= ofr|gl= OS9] S7HE Ho
(13.670€ vs 78704, p=0.002) HA7 A} Aeo] =™
CN Fof Ale] =7l HAFA7F REARE HAHEA
e o714 AAgh s Aozt tiRe] FUYE

g U 5 Y A% FAT Aole) Aol YE 7

S, AR A7) 5o] BEHC] Y= A, FAYH
o A% FHAAEY] Fo 253U A 5
TR S5 ON F9] Abo] E7Q] AAFe] X Bl
EERWVE RSB ICIRE DRI RSN
= 4P Ul o] Zo] W 97 whize] TMT o]

CN =19 9n)7} 91 4= ek dA) k9] 34
7} ZgzoA tARIEe] AgE i s Folth?

2) TMT followed cytoreductive nephrectomy

S A TMIE AY @ 25 A5 ABF) FF

Aol AAELT EAAE

W 7|51 (down staging), CN A] 9]3}4 HZEe] §-0]4,
B2H olFE & F JE IRCIA| ofdR] o=
% QS 4= Ak 322 bevacizumabd
HE AN AFoA PFAFAE e A,

1P 5o EAZ &9 kiAo &
Margulis 59
bevacizumab, sunitinib, sorafenib 5 <o) £t &
CNE Aled &t 374 Aol A CNS X Al gt -3}
nHA 7 &5 A8 &5 FEF 2 ol

i=]
31 Aol7h gglom ArE, AQL, BAZ

1‘
Y
o

St

A& 7
s = s H =
7%, 2317], 44, AFANES T vd dHSE §

AXSZ frefgh zfo|7} gt o]E9] Aol TMT
717}8] F74kE ZF TMT FAlE = 6.070E-7.7704 (2.4
ML-15.4712)e]R o™ TMTHE CN 7kA] 9] 717F A
ZF TMT SHAE R 119-40Y (19-1209) 7HA] oh31
th CN & &5 TMI7FA] 9] 717k S22 30914
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9. Neoadjuvant and adjuvant TMT

1) Neo-adjuvant TMT before renal surgery
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2) Adjuvant TMT after initial nephrectomy
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