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Project Summary

Clinical value of circulating tumor cells in metastatic clear cell
RCC patients treated with Sunitinib

Title of Project

Key Words Circulating tumor cells, Renal cell carcinoma, Sunitinib

Project Leader Jinsoo Chung M.D.,Ph.D.

Associated Company

Purpose:
-. To evaluate the clinical value of circulating tumor cells as prognostic factors in patients with
metastatic renal cell carcinoma treated with Sunitinib

1) to evaluate the clinical significance of the changes in circulating tumor cells during sunitinib
treatment as predicting factors for patient’s outcomes

2) to evaluate the possibilities of invasion—metasatsis as resistance mechanism for Sunitinib
treatment in mRCC patients

3) to evaluate the possibilities of inducing invasion-metastasis with TKIs as adjuvant

/neoadjuvant treatment in RCC

Methods:

- Inclusion Criteria

1) Histologically proven metastatic clear cell renal cell carcinoma

2) Treated with Sunitinib as first line treatment (treatment naive with VEGF targeted
therapy)

3) Standard treatment schedule with Sunitinib (50mg po qd 4weeks on/ 2weeks off) and
dose adjustment with usual recommendation

- Methods

1) Blood sample : serial collection of patient’s peripheral blood at DO, D14, D28 during 1%
and 2" cycle, after then D1 of later cycles until disease progression

2) Measurement of invasion—metastasis related factors during sunitinib treatment:
quantitative analysis of MMP-1, MMP-9, TIMP-1 using ELISA method with patient’s
peripheral blood

3) Evaluation of RCC circulating tumor cells during sunitinib treatment: qualitative analysis
by nested RT-PCR method with Carbonic anhydrase -9 (G250/MNCA-9) on peripheral blood
4) Tissue immunohistochemical staing of related factors: IHC with invasion-metastasis
related factors(MMP-1, MMP-9, TIMP-1) and CA-9 (G250/MNCA-9) tissue form Biopsy or
nephrectomized specimen

5) Reevalution of patinet’s pathologic findings




6) Collection of clinical data: prospective collection of clinical data by clinical data base
system including clinicopathologic findings and evaluation of response by RECIST Criteria
1.0, progression/metastasis for every 2 cycles

7) Statistical analysis: Chi-square test (or Fisher's exact test) for evaluation of
clinicopathologic findings, response, progression with CTC and invasion-metastasis related
factors. Analysis using paired t-test or ANOVA for continous variables. Using STATA
program (above Ver 10.0). statistically significant, if P < 0.05

Results:

According to interim analysis of this project,

- possible detection of CTC using nested RT-PCR for CA-9 on peripheral blood of mRCC patients
- newly detected CTC on progression of disease (progression of preexisting disease or development
of new metastasis) during sunitinib treatment in all PD patients

- marked elevation of MMP-9 level, then elevation of TIMP-1 just before disease progression in
all PD patients

Conclusions:

Elevation of invasion-metastasis related factors such as MMP-9, TIMP-1, and development of

circulation tumor cell are possible mechanism of resistance to Sunitinib in patients with metastatic
clear cell RCC
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2) 3o Fe] % RNAS 2

EDTAX g ® AE2FRE FYAEEZS Percoll gradient (Pharmacia, Freiburg, Germany) <
AR EZ A8 ZF RNAE RNeasy kit (Qiagen, Hilden, Germany)® #g]3 & A d¢ -70C
of B3}, 27 9] RNA+ TRIzol reagent (Invitrogen, Carlsbad, CA)Z 3.

3) A xAL

RNA (lug)$} 4ul®) High Capacity RNA-to-cDNA master mix (Applied Biosystems, Foster
city, CA)E 20ulzZ TE F AAET 3 25Co A 5%, 41Col A 30+, 85Co|A 583 ¥Hg-A17
ok WS F HF cDNAE -20Cel 23

4) nested RT-PCR& 938 A<k

G250/MNCA9e] o3 1xd% A"d 1st primer(product-386bp) and 2nd primer(product —
143, 175bp) ¢} EmeraldAmp PCR master mix(TaKaRa, Sjiga, Japan)= Al-&

5) PCR =9 &4

10ul®] PCR products 2% agarose gel in 05X TBE buffer [0.1 mol/L Tris (pH 8.4), 90
mmol/L boric acid, and 1 mmol/L EDTA)°] assay. &< SyBrZ %3 5 PCRAES
UV-transilluminator9] o] && %3 =5 9 FYS Al x4 PCRAES 4 A 2 ¢
7] AEiEA s Al
6) nested RT-PCR 3%

nested RT-PCR& ¢FAlE core 1lab®] applied biosystem 3] A}2] sequence detector A| =8-S 9]
€. Reverse transcription®t$& A AitE cDNAE ©] 839 nested RT-PCRE A3,

Internal control® acting ©]&. =49 WAL+ Hela M¥ES S84 Uz dx ddAx=z
sl Aste] 4. Gxdd Axs gd viEdnter 2ol BEsta ME FE SA.

7) PCR A3 #4]

8% %LISAZ%’\} A& MMP-1, MMP-9, TIMP-1°] th3t ELISAYS o] &3 I3y A 24
Al 3

9) u:]odzx]ﬁ_t‘ﬂ-o:lxu

g A7 EE AAR G 229 HeREEe s At mxgatety A}
2 B3 24y 2 452 g3 (CAY, MMP-1, MMP-9, TIMP-1). ¥}&}# ¥uf 2 &
ke sle] & wbgldl & SLAB kit (Dako Co., Carpinteria, USA)S o] -&3fo] W %%
stat AME AlAE WA B FAFRE 229 peroxidase S flofa, Y AAi
S 1A WEEAA v EolH WS A & dA FA(CA, MMP-1, MMP-9,

<
=) 7131, 724384 (linking antibody) = A A ¥ Hlo] 2. E1&
2ol -~ IgGoll 3k AA49 &A (goat anti-mouse IgG)E A -&3}1, ~E = Eoln]
gy AuFyol HAE & A(horseradish  peroxidase) &A1 S A 7FSE Al
diaminobenzidine (DAB, Dako)< ©|83tH, #4848 H71s DABE XS 7hsh
F ot o] FAES Hole Xt THRTE AHst wES FAAZ. 7w

Abolol = <14kst €45 4] 9= (phosphate buffered saline, PBS)® A ¥ 3}, wk< <kAb
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CA-9 27d Primer-1 (product : 143bp)

[ (] HelLa #F12 #13 =14 #15 16 =17 L)

——
— — ~ . —_—
— — — et — - -
— — — .
- — b —
—
Actin (product : 340bp)
LY [&] Hela 12 #13 14 1S #1656 H17 L]
-~
SO —— ——

NE A A=z 3z 857] 04(C8DO, #11)7F4] nested RT-PCReA W= ®o]x] 9kgkor}
(Partial response™®l A1), 957] 024(CIDO, #1) oA Thick band®Z¥. o] &2+ C8D28

HARl A W AR (PD) 21

3) Mol-H& wd Qe Wi 1, 22hd e 4 A A
Aq FRE 6 dalA g AFIE W A Ee A2 do] BA) d dF MMP-9
FA 74T A 717 A4 F AW A TIMP-1 4 A< &4

40.00
R-1 7 00
30 .00 Pal s
A e
= ~ =
20.00 R-3 Z= 00
= S
R-5 2 00
™
10.00 %N R-6 %} 00
p——— —_—R-7 A 00
0.00
0w 2w &£ W 5w 8w 10w 12w 1I8w 24w 30w 36w 42 w 43 w 50w
Total MMP-9
800.00
700.00 IA
600.00 ™,
\ / \ A R-1 ‘7 00
S500.00 .\ l \ / \ —
% 400.00 \ - Pt R-3 = 00
= R-5 & 00
300.00 ———————
R-56 2 00
200.00 L A\\W \ / ——R-7 A CO
100.00 \ M
- e

feXele]
o v 2w 4w 6w 8w 10w 12w 183w 24w 30w 36w 42w 48w 50w



TIMP-1 (Human)

500.00
400.00 —_—R-1 2 00
—R-2 E 00

< 30000
3 ——R-3 = 00
2 200.00 —R-5 2= 00
100.00 R=0,. 5500
—R-7 M 00

0.00

Ow 2w 4w 6w Bw 10w 12w 18w 24w 30w 36w 42w 48w 50w

O = -9 #AZoke ZleMd A A7237E =l - 9 ZeAd EoklAM AAs= §
A T e

O d74% A 9 v Adzge] vuiA Fo ds] n@sta 288 Aest

D Msa

AAEGE el Bl o Foles A MAR &3 ko, 20099 SAE B A
oF WA 1.78%E AAsta glow, uid I Aol FrFEal 1e(1999d 14027 EA >
2004 2,081, 20091 3,435 %}}‘3*%‘&'1} HAR). v Aol TRy 2AAEo] =
of Al <ke] 3% el, vid 2-3%# Aol Frbskal Sl 2007 ml=rel A 51,1907 9] €
A7F A EFe 7 Xdg wetom 12,8007 o fA7E AAEGow AR Aow HIEof )
& AAZeto] 2rlo] MARE AolE 554 AR FX7 st A g oln] o
25-30% Aol #xrb B ZV|Z oy AT ez wdg. B3 w4 AAEekeleta &
Hebe o 20-40%°] #A7F FHBEE T AEst Ay dolrt EARk o] AAMEgS et
Agu AR 7 2 24 Be R dem Ad F4 d B AFAEoIY JdEFA
2o AfolEslelS o8 WNmst F2 AdFe] g aelh o] AMEel tF W
B 4EE AR FEGAdE Bk, vbeEo] 10-30%, HHAESTINE 1370E Az Ao
AAEGLS o F7F v EF Fols

o AAEre] EARAeE 2 vl o A &HHQ Ao A, von
Hippel-Lindau (VHL) 32k Bl &g st7t FHAEE AAxEge] 2Ad A4 doldvh= A

1 H
Aol A WA, VHL #xze] nl&Astel wded VHLE® S 7% H% -> Hypoxia
inducible factor(HIF)-a®] % -> Vascular endothelial growth factor (VEGF),
Platelet-derived growth factor (PDGF), Transforming growth factor (TGF)-a9 W& =71 —>
AlxzF2, AP A, Apoptosis®] FHAE o] Fojx= dwo] o] FAETY AlAELe]



A g A 2R dEe sk Aol delAlE. ol g oA HiAd S wpgo R A ES
A, 49 2 Qe due] RAS Ay g% FAARAN} ALES) ARPon, 53 A
o} = ]

]
A Aol 244 &S vt ¢zl VEGFO A8&& dAstes M2 FA(LR9 Eshes
antiangiogenesis& + 87| Ho 2 st RAAEA)7E EE] g =Y S. i
YA BAEL VEGF-Ad that dZF 2342 Bevacizumab(+Interferon)S A2t 2 multikinase
inhibitor (Tyrosine kinase inhibitors-TKIs)®l Sorafenib, Sunitinib, Axitinib, Pazopanib % ©],
mTOR inhibitorq! Temsirolimus, Everolimus &°] 7W&so] tittg 34 d4<d5 A4 7%
2 do]l AMEY A9 X5 o] dA & ojak HF A EE A E.

Tt ol AAEA R AR AHE EATh HUbE = ol g ZAARAE 20-30%3
A= Ao HE gk gom) 7)ol whEetd tiEE o] SAfel A 6-1270 Wjoll X gl A3
shA Hof & #a7F He Aee 719 fle. 53] Aol FHAZEY AAEY el A Sunitinib,
Sorafenib, Pazopanib%s 2] TKIsA A Eo] 4 ABAR 7o 7S o]F 1 YA gk o5 fia] A&
HE w8384 &E intrinsic resistanceo] 3t A= w, o329 %X}Oﬂ/ﬂ —ﬂH%lﬂ ]

o] WkS-3}#] %+ acquired resistanced] tak 7]A-2 3t E o
of o]y & TKIsAl Al st A& 9gS oS & = de= gyd 23
Aol A o iAol gk R At Ay BaE il JANE A zpeiet Aol A
Ao Agd £ v BAAETA x4 fle F
9] SunitinibX] 8419 X7 HFZo] i o= <xEH Circulating endothelial cell (CEC)
(Grunwald V, et al. BMC Cancer 2010), CEC ¥ progenitors (CEPs) (Namdarian B, et al. BJU
Int 2010) 5¢ &% I &3 PIAME7F SunitinibX| Fell thdt W&o o F o Fo] Zgo] H
= Ba7F 9o} F71He AF 73347} glojof & Aoz AlE %, Sunitinib2 Interferon—a 2}
Hl gk dif s 34 Aol A 47%<] whe-&, 1199 3k 78 A&7 HMedian PFS)&
Hol FHAXYY FHo] AAMEYS X5 12420 # % (Reference standard)® 731 Lo
u, ek #s 7 Aol glem(1-3%0lsh), Hit AEVIE 2d FA(1870 L -2671€9)3te] o A 8]
A5e] SAE Hola 5. olg o]F=E o]2fgt AntiangiogenesisX| 5] A7 H gk @ A
T7F QAT A A Eeto] deiAE HuangS o] (Huang D, et al. Cancer Research, 2010) IL-8¢] 414]
2ol A Sunitinibel] Wiet A& #Ho] Y& Wl FEAF o] myeloid derived suppresser cells
(MDSCs) (Finke J, et al. Int Immunopharmacol 2011), HGF/c-Met pathway (Shojaei F, et al. Cancer
esearch 2010), epithelial-mesenchymal-transition (EMT) (Hammers HJ, et al. Mol Cancer Ther 2010)
50] AAEY Sunitinib A8t Tl S Aol in vitro E Xenograft 23 A3t LE AL

AAZ VEGF29 YE proangiogenic growth factorst}, the recruitment of bone marrow

riﬁ

derived cells, increased pericyte coverage, angiogenesis independent growth patterns 53 7
HypoxiaZgol 23 % &-79](invasion-metastasis) = Sunitinibs ¢ X7 A& 3 7jxdez
FAHD o} ofFA7A Ak VAL dHA 9A Z. 2010 ASCO annual meeting®l 4 FGF,
angiopoetin®] Sunitinib A3 #eo] IS 75 e 27 Bt ot Fr44e AT At
Aofob & Zlow Azty. aeBu®E Ho| FHAEY AAESt g TKIs AlA, 53] 7 Beo] AHg
| reference standard?] Sunitinibll et Ag 71A AFE FF A7 AY HAAHIY AIA A5 O
A whdo] I4AQl Ao w Azhy,

A Aol AATYS EE ARGE AGARE DB P2 AF A FFNE A WA



o, t}2 oA ks AHFHAY AR FZAF (neoadjuvant therapy)”’} AAE o= A go] XA
24

o}

=

e 2Eu o ¥4 ATl TKIsAlAl o] A Ao e whggivh= o] dHe
FAA Al

=

rl

-1 =
ZA 57k AEH I AL, 53] Sunitinibe] 7Hg Wel A7E AL gl kel Al

4 &3k AlH 2
Ha e FAY. Ee &5 AEstE 20-40%9] AAEQESRALe] el A wA|Ekr] 918, EA
A5AE o83 HZE QW (Adjuvant therapy)o] AAAHCZ YR A Ald T, A H
Sunitinib< H] 53, antiangiogenesisA A7} FEA A H{ 2 AoE AT = JSo] wHH(
Ebos JM. et al, Cancer Cell, 2009: Paez-Ribes M. et al, Cancer Cell, 2009)50] @A A A& =9
4 A TKls 594 3% 2% TKIsx 20| 3 97l 1S = Antiangiogenesis*| &0l )3 # 3}
A g =99 24 hypoxia® %= o8 < AR Al7|d wEtAE 23] AlAEe
A, do] 249 753 % 7S T o] olo g vt=A A7 HeE RoR AR
H. olelg HHA o] AMEL s EEA TKIs AAQ] Sunitinibell dis] X5 Aoy X=F
of dol-H& #HAA, 7 =3 TIAELA s AT Hdol-H& Y XNm Aol #
v‘g_‘_ _9.

Aoz ANsE = e A

3| = /g]_
= =
A8 BAAERA oF AZAR7 FGHe] 9

£ %A E (circulating tumor cells, CTCs)¢] A+

, ol F-eko] AR (A AAMEdeA FEd
2 oo %o} o] ke AT Al W
5ol M) 7 L S
RO g, 58 FHtol Hol o
|4 CellsSearch® %S o] &3 EF 3
A 3} (Bidard FC, et al. Ann Oncol 2010)7}
=) Q 2l 50| tumor marker? A, CellSearch® W A}A|2] & A

3l TKIst= Qo] &5 e ol AAxES A e dF 3 FEFAE] I3
= 9lS Aoz AR E. Cytokeratine]Yb Cadherin-6, VHL gene mutations 3 3F
T T8 THAEAT ol EHAA HEAQ] A8t A A= G250/MNCA9

g giEdzE B MM EY A A Boldoz wd (CA9-Carbonic anhydrase
o} W AAESHE] tissue specific marker®, sensitivity 2} specificity d

2 & AAEZ specificdt marker®2 4#HA U)HEF
RT-PCR assays &3l AZstst ] G250/MNCA9e] mRNA 2d 2 5 ¢33 FHAEY
AAEYS MEe] mAAR & 7 dS. ol HA AAMEGe dig oy dATE

(McKiernan JM et al, Cancer 1999, Urology 2000; Uemura H et Urology 2003; Ohlmann
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