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< SUMMARY >

Purpose&
Contents

Purpose

- To evaluate the clinical value of BAP1/PBRM-1 mutation of renal cell

carcinoma in Korea
- To the
treatment outcomes

the
carcinoma (mRCC)

identify tissue-based molecular biomarker for predicting

in patient with metastatic renal cell

treated with Tyrosine kinase inhibitors (TKls)

Contents

- Study of BAP1, PBRM mutation and related factors with tissue from localized
and/or metastatic renal cell carcinoma (Prospective and retrospective study
using Tissue microarray (TMA) and Immunohistochemical staining (IHC))

- Pilot study of tissue-based molecular biomarker for predicting the outcome
of TKls treatment in mRCC with BAP1/PBRM-1 pretein expression, angiogenesis
related factor, vascularity related factor, TGase-2, PD-L1, PSMA (Prospective

and retrospective study using TMA and IHC)

Results

- BAP1, PBRM-1 protein expression by TMA and IHC of localized RCC (434 cases)
- BAP1, PBRM-1 protein expression and expression of factors related to mTOR
pathway(pS6, PTEN), angiogenesis(VHL-HIF-VEGF pathway; pVHL, HIF-1a ,-2a,
VEGFR 1,2,3, PDGFR-a ,- B, CA-9), Vascularity (MVD, MVA; CD31, CD34, CD105, a
-SMA ), TGase-2, PD-L1, PSMA by TMA and IHC of metastatic RCC (257 tissue)

- Evaluation of incidence and clinical value of BAP1, PBRM protein expression
(mutation) in localized RCC (434 cases)

- Evaluation of incidence and clinical value of BAP1, PBRM protein expression
(mutation) in mRCC and patients with mRCC treated with systemic Tx (103 cases)
- Evaluation of candidate tissue-based molecular biomarkers in patients with
mRCC treated with systemic Tx(ImmunoTx, TKls 103cases, 171 tissues)

- Under analysis on the results of TMA with clinicopathplogic findings and

prognosis of patient with RCC (localized and metastatic)

Expected
Contribution

- Discovery and validation of clinical value (prognostic) of BAP1, PBRM-1
protein expression in patients with localized and mRCC

- Discovery of candidate for tissue-based molecular predictive biomarker
mRCC with TKls treatment

- Baseline study for further prospective study with prognostic tissue-based
biomarker (preditive,selecting) for TKls and neoadjuvant TKls treatment for
advanced RCC

- Establishment of TMA for renal cell carcinoma for further study

in

Keywords

prognostic targeted
facter therapy

Kidney Cancer biomarker angiogenesis
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- T™o|M AlIMzZ 2o CHsF Tyrosine kinase inhibitors (TKIs) X2 BEFE2E oZE = Us

tissue-based molecular biomarkere =&

&5t04 gh=2loflA{e| BAP1, PBRM1 & At

o]

Mol MM EZetol Cfst TKIsXIZEAl X2 HES = = A= tissue-based molecular
biomarker 24 BAP1, PBRM1 R AtE ozt QIRE, &2t &M (angiogenesis) =&KX}, vascularity
ZtAH QI X} TGase-2, PD-L1 529 &A™ 7 of

AMEAE M B =7|A & SolM= M HWE =5 222, 2011d2] SAHE E2H A
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7} 80-90%0] Atoi| A{ Oof EHeolo Z2™Al datg siotl Y™ Us. 22 AMAM=Eo sk of
2 dAget 27t REAMAT S Az FHMEY AMAMzete| 2ol J[Eo L{Zl HIF-1o 2t
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associated protein-1 (ubiquitin carboxy-terminal hydrolase) (BAP1) S2| R™A} Ho|= C}FsHA|
HEE= A2 UM Ags. 55 FUMEY MMZA 15%Y8 oM A Ho|7t 2E ==
BAP1 SXAIHO|= LEXMOZ LI of F(Hakimi AA et al, Eur Urology 2013, Pawlowski R et al,
Int J Urology 2013)& Eelct= EIet= =a|, 20-40%lAM |RZ A Bio|7} 2HE=|0f (Varela | et
al, Nature 2011, Hakimi AA et al, Eur Urology 2013) VHL gene CI222 E3F FMXA} BHo|z2 &4
Tl PBRMIRX AL Hol=, BAP1 SHMAIHO|EHCE £2 oFE Holcl= E10ef &4 (Kapur P et al,
Lancet Oncology 2013), ZIgHE 7|, &Mo|, LI o =2} A I} k= aHEteE E0E g, 5
g o2 BAP1 RUAIHOIE Eol= A2+ LHE oTE 2ol H2E QF™ELt, PBRMIFXAL H0]
of of=X Jtxlof M= otAlE AtHEbEl ZatE 2ol USF (Kapur P et al, J Urology 2014;
Gossage L et al, Genes Chromosome & Cancer 2014; Joseph RW et al, Cancer 2014; Brugarolas J,
Cancer J 2013). Z2{Lt, #AM7EX| Mol AAM=Z o et F A EQ EMXZ (539 TKIsAI =)o
Ciet 2t33 olzfst 22 FTAL Holete| Mo st 210+ ot glen, 535 IHdM=
PBRM1O|L} BAP1S2| FMA} B{0|7} $H=219] AlAM| I 2tof| A O
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2. 55| BAPIRAAIS ZF AMEZOA LIE oFEE Hol= HoZ 22T mTOR pathway2l 20|
A2 7= (Kapur P et al, Lancet Oncology 2013)0| MA|=lo] Zo|A AlM = etoll CHét Cf Xl
& Stetel EAX|ZA 2l mTOR inhibitor (Temsirolimus, Everolimus)el X2 gtED} ZAIJYS 75N

}h2Lt olof st AFE oA @l=. = VHL gene Tt ot 2} chromatin-histone regulator gene
B40[7} VHL geneQ| Holgte 2 MYEEX| ofHd FHAMZEY AMAEZAe Hold S AYS o,
of Tt ZAZF AZo|l En=T A0, 0[2{Ft Chromatin-histone regulator gene2| gsin} TKIsX|
2 98 &= mTOR inhibitor X ZEbsIbe| Mo et A7 st Mgel. 2 AFoMe
BAP1, PBRM12| St=ioloflMe| FXMAL gio] HE ot otu2} o|E29| o FXtZM 2| Zix|ofl Chsll mTOR
pathway 221 @IX}F (PTEN, pS6 &)2F 7| &S| AFoAM ofFXZ 22X UA20{(Thompson RH et al,
Proc Natl Acad Sci USA 2004; Thompson RH et al, Cancer Research 2006), Z[ COMPARZ trial (&
Ol AlMlzetoll CHSF Sunitinib vs Pazopanib 34&F &b oAgt)ollAM CHEZAQ TKIs@l Sunitinibzt
Pazopanibx| 2 &1f(overall survival)2t ZtAUAZ0] L2{Zl PD-L1 (Choueiri TK et al, Clin Cancer
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Bevacizumab(+Interferon)= A2 Z | multikinase inhibitor (Tyrosine kinase inhibitors-TKI

(2]

=

Sorafenib, Sunitinib, Axitinib, Pazopanib 0|, mTOR inhibitor2! Temsirolimus, Everolimus
JHb=|of CHERR| 34k latodgt ANE J|x=2 Mol MM =ZERE 2tXtel X =20 JgAN LA F2 O[X
= X222 XNelojdstds. a8 Mol AMEAXZ MER AIHE ZAJACID HItE= o2 T
HXZHM T 20-30%etAte MSHFE HESSHA oo, =7|o ghZstE HEE2| 2HAtof Al 6-127H
71210l 24-3070Y Aoz &N melrt == = He
FXIO| Al Sunitinib, Sorafenib, Pazopanib&<2l TKIsX A 0|
7K X|ZAIZE Mofl o|2{EH TKIsH Aol tHEh x|
&l S ZX|Xt= MEe. SxM7EX] 7HE Azl £
F (W=7l Ci$H) = MSKCC criteria, Heng Criteria - 1Z& &5, W
I& | LDHE 7}, Performance status, Nephrectomy® X|ZA|Zt7tX|e| 7|2t -
LR of=elXtol| CHeF WH A5 oot Ensln QJX|g o471 X}o
25t0{, sxf dMHMoz MEE £+ Us
ot =oll thall M35 Y335HA| 2+ intrinsic resistanceol CH3H
F2o 2Xto| M FIHEL X =0l BFSSHX| 24+ acquired resistanced CHEh 7|&2 of
AU =. 95 AFoAM Mol FHAMEY AMAME2L SunitinibxZAIL] X2 HtSof CHE ol &
AtZ4 Circulating endothelial cell (CEC) (Grunwald V, et al. BMC Cancer 2010), CEC
progenitors (CEPs) (Namdarian B, et al. BJU Int 2010) &2 €% &2t =& WY MET} Sunitinib
x| 2ol ot eh23 o F of ol TR0| Ects EnUt ot FIAEel o Zopyt Qlojfof g He
Z2 AMEE. 22 Mo| FHMEY MM EZEIRIe] Z2AEA0|AM Tissue microarrayE 0|8 o
A HIF-1a, CA-9, Ki67, CD31, pVEGFR1, VEGFR1 and -2, pPDGFRa, B SOl SunitinibXl &<
A7} Ack= 20 (Dornbusch J et al, PLOS one 2013)7F U2t o ESH FIF Mol AF7IF U
g Wo=z At=E . ESH You S (You DS et al, World J Urol 2014)2, FHAMES Ho| &IA
Aol BLZE MM E=%(Cytoreductive nephrectomy) ¥ Sunitinibs X|28F EXlolAl HA|
of CHSt VEGF, VEGFR-2, PDGF-B, PDGFR-B IHCYTOllA{ strong VEGFR-2 expressionO| best
reduction of tumor responsent EARUCtD E5HE AF. 2Lt intratumoral heterogeneityoll CH
oh 7 Zapop wWEsHA A xZFo|Lh, YR Hao et 2XF MESHE QlIXtel off=X Jix|of
st {71 e A AMAQ. 2Lt M=ol A igs
M, MM Aoz, & ? molecular biomarkerZt TMA/IHCE o235t
tissue-based biomarker@l & ISt clMe 8o gle A, 2 AFAM= intratumoral
heterogeneity?l SHHE Z=FOI2tT I Fst7[fIs, 7tsstH 22 oz Fflef HAM=2 S o/ st
Hub, MAA JtsstH oy Fflel = I zldel =S 7|2 of™del. ™ol aM=et
E [m]

of F X=E2l TKIs MM= x=d
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NetdE o EstAHL X2 XSS X2 Fof| oSS £ JUs 2RSS ZX|KFe| 7igtol HA St
o, 2 AFX £t 2 J|oflAM HMo| AMMEZeAoz EXH X2E Al &XE A4S Z TKIsk| 22t
ZAHAE X ZHR2 o FAXIZAM X[EZX CTOllA{2] contrast enhancement M= (Han KS et al, Cancer

I_u_
2010) 2} SunitinibXl2Alel M=7(ZHnp nEHE AAKN 0 F QIXLE  baseline hypertension,
(

nephrectomy, CRP S (Kwon W et al, Annal of Surgical Oncology, 2013)2 E11st vl /S . o|2{st
XEZHol AaATel g, AMoAM X2 X MEHY MEE = JUs 73T 2EAMMEEY EZX
Atel & 3 AS0| HASH AlYel,

O ™o| AAMzZetol| thst TKIsH A S<2| Antiangiogenesisx|Z2| A at7|Mof et odt= =2 CEf
of d3t Aoyt BuE Q= o, 5] AMM=Zol| st Sunitinibxl® X etol| Cist AxZH =




HuangSo0| (Huang D, et al. Cancer Research, 2010) [L-80| AIM|Z 2tollA Sunitiniboll cHgt X &n}
Aol AS=2 ehsl olF, myeloid derived suppresser cells (MDSCs) (Finke J, et al. Int
Immunopharmacol 2011), HGF/c-Met pathway (Shojaei F, et al. Cancer Research 2010),
epithelial-mesenchymal-transition (EMT) (Hammers HJ, et al. Mol Cancer Ther 2010) &0| AIM=E

2to| Sunitinib Aol ol UAS Zol2k= in vitro & Xenograft A HAII} LHEZJUS. =2
Autotaxin-lysophosphatidic acid signaling axis (Su S et al. Clinical Cancer Research 2013),
EMMPRIN (Sato M et al, PLOS one 2013), peripheral blood microRNA expression profile
(Gamez-Pozo A et al, Neoplasia 2012), microRNA-141 downregulation (Berkers J et al J Urology
2012) , AKT/mTOR pathway (Makhov PB et al, Mol Cancer Ther 2012), EMT( Hammers HJ et al Mol
Cancer Ther 2010), FGF2 (Welti JC et al, Oncogene 2011), HGF/c-Met (Shojaei F et al, Cancer
Research 2010), PRKX, TTBK2, RSK4 (Bender C and Ullrich A, Int J Cancer 2012), Lysosomal
sequestration (Gotink KJ et al, Clin Cancer Research 2011), IL-6 (Porta C et al, Oncology
2013), c-Kit activation (DiNitto JP et al, J Biochemistry 2010) & 012 mechanismO| 70| AlA
Zoto| TKIs X2 (539l EF X222 2% Sunitinib)ol tist Mg 7|Mez2 5= As. AH
2 VEGFel2e| C}E proangiogenic growth factorstt recruitment of bone marrow derived cells,
increased pericyte coverage, angiogenesis independent growth patterns =2} &7 HypoxiaZ=Zhol|
o|st &-E-H0| (invasion-metastasis) % EMT (Epithelial-mesenchymal transition)= Sunitinibs
of X7 XNMee| ot V|HMeR FHED AL}, ofXJX| HEsh 7|M2 LM UX| LS. MK

°f oz HnE FJeell EH o= & JiX| 7|MECctE o8 7|Mo| SExo=z xFE JtsMol 2
o{, £35| H&-™o|, ENTS| 7|2 MZE HMo|e «Molzl= ¢ Zdel FH s X EEX=
Mz 2b =10 A= TKIsHA L] XM= sHAS I8 (&xlg 4S5 ¥ MEV|ZE AT, xZE HEAIL
=7t X|= 2 oA, combinationx| 22| SHAIS=E &2 FHE fiME XEHHQl FIF AFI

(/)

O Transglutaminase, §39| 2&0|AM Transglutaminase-2 (Tissue glutaminase, protein-glutamin
y -glutamyltransferase, TGase-2, TGM, TG-2)= €& gt % gto| F& (FMo| & &g, Xz MEF)
01I %Ocﬁ Agts ol Ae=Z UM US. TGase-29| 7= H e, Futer, AN SME | i

, H 2 glioblastomadll A A =0 = Z2o|l= TGase-22| & Z7I7F disease progression, drug
reS|stance, metastasis, EMTEE= autophagyoll St =& poor patient prognosisoll &0l U= A
oz HuE1 S (Wang Z and Griffin Amino Acid 2012; Budillon A et al, Amino Acid 2013;
Beninati S et al, Amino Acid 2013; Kumar S and Mehta K Amino Acid 2013; Choi CM et al,
Molecular Cancer 2011; Jeong JH et al JKMS 2013; Oh K et al, Breast Cancer Research 2011). Zt
Z 2ol M2 EMT, invasion, metastasis?t TEHE= TGase-22| A& TGase-22| 717} EMTE =% st
1, 2tMEZI} stem cell |ike propertyE ZHX|A st & & F Mo|E dod|= Aoz Mye = 2
oo, ol inflammatory signal®l TGF-B, TNF-a, and NF-kB2l =Z, matrix metalloproteinase
(MMP2, MMP3, and MMP9)2| Z&717F &0 st & (Kumar S and Mehta K Amino Acid 2013). TGase-2
2 TKIsM A 2| target?l VEGFR, PDGFR2F IGFIR, EGFR EgI receptor tyrosine kinases (RTK)2te| 2t
Holl tHsiAl= of&l 2 FE20| &M UX|= LX|2FH, TGase-22| transmembrane locationzf 2 E
integrin:  RTK: transglutaminase complexes® &AMSZ RTKs2| signalling processo|
intergrin-bound TGase-27t #0iEt ZHe=2 FH=[1 JA20{ (Sivaramakrishnan M et al, Amino Acid

2013), &% e A7}t Adojorer 22l =2 EGFR-TKIX|EE 2% non-small cell lung ca &
Aol Al TGase-2 expressionO| progression free survival@l ZtAZF Jgct= 2071 g0 (Jeong JH et
al, JKMS 2013), #A X|ZH (RTKE HEH2E stz=)2l XREEE I EE &+ Us olF o FXt=z
Me| ZEX|7F ZICHE . TGase 2-2f AlEZtnlo| A= S AF7I} O|FOH UX|= LX| 2, Hideka H




(Hideka H et al, Oncotarget 2012) microRNA miR-12852| RCC cell line & Z=ZojMe| Za
of hZ2 TGase-22| upregulationO| AIAM IE of Zlgn HAIE AJActn EO5¥ S st
A D 102 MAEZof CHsh TMAOIAL M atx=Zo| M= TGase-27t L& = X| b0 ZA=xZofM &
SHAl e =EHA, T1 7] 150 d|sh T2 T|olak s5HOAM =7 WHHES EISIs. 2Lt
OIQF AHEEE A 9570 primary tumor tissue®t

0ol stXlo| A TGase-22| BMETE EX 5}

2 O qn

Erdem S (Erdem M et al, Urologic Oncology 2013
MAZEA oM TGase-2, 1TGB1, SDC42| mRNAS =4

Sﬂ\,
K orlo

O -

01 TGase-2 2si0| 70.5%2 S U=Zof|A 2. 98 ZtA x| 1 UL, LHHX] 29.5%0 M= 1.958f Z7+=0f
AUSE E8IUS. 0 AFOIAM TGase-2 LF0| SItEl =ZE 82.6%A 1TGB1 =t SDC42| SIt7t
AU, TGase-2, ITGB1, SCD4 Z7t7F SAloll AU ZA7F Mo|2f L 2[AIb A ZF ACt &
IS, FUHATZE= =2 Park S(Park MJ et al, J Pathol Trans Med 2015)0| 638 2o| T A
d MM EZ et BAL=Ao| M Strong TGase-2 (3+) £340| high nuclear grade?t poor prognosiset A
7t ASS HASIUS. & 7| A FAUAES AFo|M = TGase-27F MM ZE MEFOM LE
Moz ZII=0] A1, p532| DNA binding domain2| cross-linkingS RS ZA] autophagys E3H
p532| depletions FEsto] MM Z MZo| syrvival2 EXstctn E 0519 S . 8 TGase-2 2 A|
7F MM ZF M ZF2| p53 mediated apoptosisE =EA|F|=, TGase-2 inhibitione| AlAM[Z tofl Cf St

AMEIE MEMoz ZSHSIF o], AXMZ TGase-2 inhibitorel GK13, GK 9212 /.\_l’é.:.F MZzZF gl

Xenograft modelOllA anticancer effect& SHSI0 AAMZAe MER AEZHZEA TGase-2
inhibitore| 7tsMd S HAISI¥ S (Ku BM et al, J Cancer Res Clin Oncol 2014; Ku BM et al, Amino
Acids 2014; Lee SH et al, J Cancer Res Clin Oncol 2013; Ku BM et al, FASEB J 2013; Kim DS et
al, Oncogene 2011). 2 AFoA= FHMEZSE AMEZEAAM Tlersd = 0{R_= TGase-22| H0O| AlA|
EAoAMel AMM 2o/E T ESHY| 2o HMolM AlMlEetetAtel AF =Z| /XMool =Zof Cfet
TMA/IHCE Aldsto] o ZQIXt2AM el JHx|, TKIsXIEM #ZE 8HE olF HE= X2 MNEQIXRM
TGase-22| Zsio| aE Mol st AFE Al A= £ Soll VEGF ZMX[ZH el 2 Ly 2
X A

MlZ etof| CHEt TGase-2 inhibitor<l

i

O #HIx Hol MM Eetel
Aol WS prol, HHE oM B
AME MBER %S
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sponse rate)O| 30%% ¢! 2 elatg A= 5A>LH9| , AHMZ "7 10%0]s
#Hol ZtA (Abel J et al, Eur Urol 2011; Cowey CL et al, J Clin Oncol 2010; Hellentha
rol 2010; Jonasch E et al, J Clin Oncol 2009)& H0f, AE=XZof MASH AT
2 XS e ol AlZE. aBut SAEX] ol2{Et MEXX RS XE HSS

= e ZQRO| F O £E2 g8 Heolck= 21 (Kroon BK et al,
& XAEF =)o CToAe] = 5Z Zt4 (Vasudev NS et al, Brit J Cancer
2013) L} FDG-PETS| uptake &2 (Khandani AH et al, Nuc Med Comm 2012), DCE-MRIOIA{S| &/ ZA

4o =
2 ay S oA

JIN' mo = E 3




=

tedo| Acts

£ Ho|l= Z< (Bharwani N et al, Brit J Cancer 2014)7} 2lgt AlZtuiiol ZhA9}
F 2= ot X

3k A :.
H7} AL}, ol 2F X[ EAIZ Zofjof IS o5 Us 274, HF Y-
oF Mol MAEto e EXMXZE AIRM MA 2SS dEFE 5+ U= AXE microvessel area
(Aziz SA et al, Cancer Cell Int 2014) CHgt 217} len] 2 AFZXE XZ2H CTolML| contrast
enhancement & & (Han KS et al, Cancer 2010)7F &oO| Ao Xz &S

survival(PFS) 2t &zdo] A, AL B F7(et A
(Kim SH et al, Kor J Urol Oncol 2014 in press)S EIsH Ht US.
HEXZolMel gk AMEY A (primary tumor)2l Bl

AMEZXZO 22X

=

OE
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H
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r > rjo

= 93 o5 |[E 7ts3l 2 U 0
= TKIsE2l F %2 EEol AMERsE M(angiogenesis) o &&= QXIS (VEGFR, PDGFR, MvD %

MVA ol CHet Aot ehil et o7d (Y AF HEH 2 CT enhancement™ =)ol tigh A& HA 52

o
50| JH5E HoE o

0x
b

RotstH 2 AFoME MZE0| E0E FHMEY MMz 2 FTXS (BAP1, PBRM1) 2| BH=
oMol ™AL BOlHE, o ® X X2ES A LMz 2tel of =2}
5 .
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= FELO|LIN-2 (TGase-2) &aiol A oofE LnEete=zZM Mold et XAZMEAL TGase-2
= =18
=

inhibitorel 7ts4oll cish &tx el ol2X (gt

1-3. AFIHE He

O 7|1& =HE =o/Ho|l MAMEJEZE0A BAPT, PBRM1 FZXAHHO| (BAP1, PBRM1) % mTOR

pathway 2H2 21X} (pS6, PTEN)Oll CHSh TMA/IHC A& 2 & data &4 (=4 AIMEZ 2 =2 400042

2 MolM MM E A=A 30-50092 o - Ho|M MM ZtEhAte] ZAof| e ME FIHH2ZE TGase-

2, Pp-L1 & E& M HQIX(pVHL, HIF-1a,-2a, VEGFR 1,2,3, PDGFR-a ,-B, CA-9),
(

MVD, MVA) =& ztE X} (CD31, CD34, CD105, o -SMA &)=0ll CHEF TMA/IHC AlRY)

vascularity

O 7| &2 & F71 &H TKIs X2 Fo|Ad MM Zelr atXte| AMZE =A(= 2 A, 3-400{ of

M) U Mo| HAZTA(F=s L MA, 1004z o ™)ollM BAP1, PBRM1 SFXXbHo| L A QIX}E TGase
i AM 1 ol

-2, PD-L1, Eated 2R}, vascularity £ zHEQIXtoll o gt ofH] TMA/IHC Al & ofj8| &4

i
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O TKIsxlZ2Z= Az g MolgHHo| st Serialgt CT ZAHAMIAM X2 v, =9 zZ
(contrast-enhancement(HU) §4 &k, 2|
O &txte| oAt Me =HE 9l EM2 25 A DBFE 2 SHXfeol olatdiz|std EM - x|Rof| wE
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2ol 7lae HY

A To[AMH =35t &= Q= prognostic biomarker, X|Zof Cist Ht2E o &S
= biomarker(predictive biomarker)dp CH&t 4= TAMAHHo=Z tdts| A& =0 USLt, of
Z Mexel A3 E Edl| AXME(Validated) biomarkerZb @l XX EZ ibo| M=+

molecular biomarker= 8= AENQl (Randall JM et al, Cancer Metastasis Review 2014; Li H et

0
10
2
ol
M
2

I¥

ol

O

al, Urology Oncology 2015; Vano Y-A et al, Expert Review of Anticancer Therapy 2014)

Mol £ 20%-30%2| &A= MSFE A2 N Est=

T A= biomarkerZ7t 8111, £3| &7|2te| X2 =1t
S Ho|E &XtSof cfst od7of Moz Hg% £ U= biomarker7t 815, Z© ZE SNPso|
st ATl x|2LE F2rE3F BAE biomarkerZt MA|E 2Lt <kdolct Ct231, ethnic
differencesel 7Ztsdoz olsf #xf Mo IAA ZS0| HX= 2Rstn Y= AH
(Garcia-Donas J et al Urology Oncology 2015; Marto P & Rini B, Clinical Cancer Research
2014)

O 53| #X H™o| AlFete x&=x=22l TMX
intrinsic resistances HO0|L} 0]
= A

i [

A

O z[Z ©™o| AlZEetstxtol| et EXX|ZH A0l CHEE Tissue biomarkerofl CHEE CfFel A2 AT &
F=D e O AEAMEAAM PD-L1 el o CIXZAMel Jix[of Chsh oA ok opdE}
(Choueiri TK et al, Annals of Oncology 2014), ZXo| 2Al&tetol Chst #& x|ZAlo| =2 PD-L1
expression0| LM o F& Holck= EX1 (Choueiri TK et al, Clinical Cancer research 2015;

Shin S-J et al, the Oncologist 2015)=0| LI2X US (lacovelli R et al, Target Oncology
2015). BAP-1, PBRM-1 expressionZ} A&kl of =2} &&HO| UCctes El= SHAE XEHHo=Z gy
= e E35) qUHAMT MBSty e |stMofAl AMERtAl PBRM-1 expression?| 214abx 2|

ol H 1 &} A2 (Kim J-Y et al, J Urology 2015; Nam SJ et al, Urologic Oncology 2015). O]
of S diedsto] =2 Piva F 2 FUHMESY MM Z0|AM BAP1, PBRM1, SETD2 2| ZIch 2 of
S Jx|, O2l1 &% personalized tratment2| EXMozA Q| JtsAof Chsh 7|=dH} A2 (Piva
F

et al, Expert Reviews od Molecular diagnosis 2015)

il
=
bl
=
I
T
—
[0}
Al
||

O To| Alztetstxte|l EXM x| 2 HALZ0 CHEF Tissue biomarkeroll CHeF (47 AD= =2 mTOR pathway,
VEGF - HIF - CA-IX, TG2oil CHsh & % oi7 Z3} (Travnicek | et al, Anticancer Research 2015;
Mortzer RJ et al, Cancer Chemotherapy Pharmacology 2014; You D et al, World J Urology
2015Y:Erdem S et al, World J Urology 2015; u )7t 23 =[R} 2L} Validatione| ZX2F Prospective
Trialolle| o|&&ol2t= M7t Zot Aol AFZEQl A7t Heg He=z AtZRE.

O IUHAIME =2 PBRM 1(Kim J-Y et al, J Urology 2015; Nam SJ et al, Urologic Oncology 2015),
TG2 (Park MJ et al, J Pathology and Translational Medicine 2015), PD-L1 (Shin S-J et al, the
Oncologist 2015) &2 =4 & O] FHMEZE AAMZo|Me| o FQAXIZ A2 JHx[of CHEt LE
7F AAS. a2t ofA Mol AlEetof st EXXZ(TKIs E= mTOR)X| = Aol PBRM-10|Lt TrH[12]

o= QIXtZAMQ| Zhx|of Chsh A7 nt= U E Xo| gl20f 0| Candidate tissue biomarkerol CH

st ESHA of L Aol ghEE Mo
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3-1 A8 L&
O ZA/Mo|M AMMEZ =Zlof|M BAP1, PBRM1 XAt 0| 2 2H& 2l XI=o0]
- Tissue microarray (TMA) AMZF 2! Immunohistochemical staining (IHC) 47 (
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HMolM MM ZetstRte| =Zof| A= FIHX2SZ tissue-based molecular biomarker candiadte
°l TGase-2, PD-L1 % && & M-angiogenesis(VHL-HIF-VEGF pathway) 222X} (pVHL, HIF-1a ,-2
o, VEGFR 1,2,3, PDGFR-o ,-B, CA-9), vascularity (MVD, MVA) &% Zt22IX} (CD31, CD34, CD105,
a-SMA S)Eoll tHall A7[e] TMA/IHC B e =2 FIHECl 75 AldE.

O HMo|Md AMM=Eeof ofist TKIsXIZAl xX7R EFE % X2 XN
biomarker 24 BAP1, PBRM1 {XAtgiol, &zt A )
Kb, TGase-2, PD-L1 52| AAA Jix|of cfst Pilot A7

;| o
- Mol MMEe xA (MREE-SE U MZxA

TMA HM[ZF S IHC o7 (%, TEH odF)

A stXt= Z=Z2SM oz Mol FHMEY AMEge=z SXlE &AL &, o[ VEGFE EXe=
St EXMAERME S0 22 X glo], {222 TKIsHMAM (Sunitinib, Pazopanib, Axitinib S)&
F0i5t E= stz BA F 2 A7 FHA Y SHS olslisty SES|IR SoMol MHEEH EXE
ateo=z o

Ztztol TKis 2kAlel Fof & 2, 8H =E2 s4& A o] F5t0 Aldste, gHAte| X7
of thish vt Hile S48l A=t st RECIST Criteria 1.18 Z|&22 of 12F0ict Al
I%jl—

Mol AlM=EtEtkte| =Zlof CiEh BAP1, PBRM1 ®ZAAtE{0l 2 & QIXL (BAP1, PBRM1, pS6,

PTEN), TGase-2, PD-L1 2o @M AKX (pvHL, HIF-1a,-2a, VEGFR 1,2,3, PDGFR-a ,-B,

CA-9), vascularity (MVD, MVA) =& & QlXt (CD31, CD34, CD105, a-SMA S)&oil cHeh ==L &
E

o oAb lol2 st IS =X of tHEF AbY|o TMA/IHC e (ZEU wel A7 23S ol8F,

b

r




microvascular density (MVD) 2 microvessel area (MVA)= SAHHQl criteriadl k2l MVD= number
of small vessels per tumor areaZ, MVA= the total lumen area of small vesselsZ H2|E.
differentiated microvessels (CD34+) = Ct LIE o=} ZtAHO| U= W22 A Undifferntiated
microvessels (CD31+/CD34-)E TF&otl, TKIsHA Sl F Targetgi 224l immature vessels (CD34
+/a-SMA-) = mature vessels (CD34+/ o -SMA+)Z} &St EH=

XNE2E AT Hel g Moo St Serial$t CT AALE dAto|stnt ME (7t MEAMSH X =
st-enhancement(HU) =}, JALEZIZSIF S0l ek 245 Alde.

o

sixfol oAb HEBE BA|96 A DBE TESIL Ale| ofsbua|stA

O BR| YN HE HE U 24
o4t DBE THBl0] EHAtel AHEIE S4, AL Mo, XE I, ¥ Y, Y= 5o ofFe
ZHALZAS B

s s r
mx ok SHXLOlAl BAP1, PBRM1 ®HAM#HO| & 2 1

&f& A, Mg Mol S2 oFet O A XtZ o A== mTOR Pathwa
Bdol| ot EHE 2AS

]
=
U
ar

iomarker M4 BAP1, PBRM1 & A}E{0

=
TKIsX|2A| X2 S22 o FE = U= tissue-base 4
st AFo M stXME9| Al

I X}, TGase-2, PD-L1, angiogenesis % vascularity &K=
stM BN, X2 4o, XZE eg, YAMMEAE A4S0t 2 AALe] dd s SHMeZE EAsto] &
T FItMel AFE 2|8t candidate tissue-based biomarker& T=&&

BHA Zb2to| MM (s, J|Eo o Tkt &), o We[sty Wy (yr|, 23 §), it
okAboll w2 (R, Mo|, XS disease free survival, progression free survival, overall
survival &), d2|1 gk AME g 2 Mo| WAl TKIs x|=of st Btg Mot 2hztel o7
Zotele| oM E Chi-square test (or Fisher's exact test)E 0]-&35}0 —Er’i*.6F ZFIER 5
HEl= AEHSZAM Zt2to| AL =X E SHs5t0] HRH|WE 5t7| 6 paired t-test or ANOVAS
0|83t 2Me. SHEZAM=2 A STATA Z=23H S 0|8, P < o,o5g$§ o74|34-7£1 ojo| Y= A
oz Mozt
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3-2 A7 Aot

O =4 /Mol MM =Zt Z=Z|of A BAP1, PBRM1 FMXAl#Ho| ! 2 olXtSof ofst A7

- Tissue microarray (TMA) X=f 2! Immunohistochemical staining (IHC) 917 (&, M&™ o

: & 643 cases(773 tissue sample - A A& 434 cases and tissues, ©O| A&t 209 cases
and 341 tissue sample)oll CH3| BAP1, PBRM-1, PS6, PTEN, TGase-2, PD-L1, Ca9, PSMA, Ki670l CHst
TMA-IHCAIE St L F Hof 2A5ien], §Al 2T Hot 24 4.
SAMZMRF 434 cases @ ccRCC 377 cases

nonccRCC 57 cases
papillary 29 ,chromophobe 24

etc 4
O Ho|Md AlM=Zetof ofst TKIsxIZEA X2 28 FH XE NHEg2 dFE = U= molecular
biomarker 24 BAP1, PBRM1 M AIHO|, & &M (angiogenesis) & 21X}, vascularity 2tz Ql
Ab, TGase-2, PD-L1 2 &A™ Jix|ol CHst Pilot 44
- Mo|M AMMEe =& (MAEAEA-== S HAHAZTA Mo| HA E=A- == 3 HZAHZA)o| CHE

~

TMA ®[ZF 3 JHC A7 (=, Mex oA+

& 257 TO|AIEHQt tissue sample (185cases, A& =X 153 tissue samples, olgdA 104
tissue sample) ol CHsll BAP1, PBRM-1, PS6, PTEN, TGase-2, PD-L1, Ca9, PSMA, Ki67 %
angiogenesist® marker@l VHL, HIF-1a , HIF-2a ,VEGFR 1,VEGFR 2,VEGFR 3, PDGFR o , PDGFRB ,Z

2l vascularity &+ QIXtel cD31, CD34, SMAoll CHGH TMA-IHCAI&SID SAf LE o EAM3Go
o, 2[Z Z31 BN 3.
Mo| AlZFeF 185 cases :  ccRCC 147

non-cc 38
papillary 10, chromophobe 5
sarcomatoid 6, unclassified 3
etc 14

b
A dE Hesty HE, X EREE 2 ofF S8 2R E4oifed, HE EMFY.
g7rd el MAIx|E gHXfZolA FOIAMMER =X (£ 179 tissue sample, ®&F AZ=ZF (29)
HMol=7 (148)ol CHst TMAAIASIo] x| ofH] 2AMst¥ 20, 8l xBEMFY. XHZH2E H
ojMd AlMEZeoz TKIsk|ZHAE EE XESQ &Xle| =& &2 =
O 8HAN 2AME St 23 21 24 3 &= FIE AFE /st o] X2 =5

zZE SHEMo| 2idEH =8 L &3 dE, FIHQ MeM A7l HMAESH Tissue-based
molecular biomarkerel & % internal & external validation FZXIoH




1

2.

. TMA-THC Z =}

- & 177 tissue samples (Kidney sample 29, metastatic lesion 148 samples)

BAP1IHC O BAP1IHC 1+
PBRM1IHC 0 PBRM1IHC 1+
TGase-2IHC 0 TGase-2 [HC 1+
MMAMXR 97H oH|E4
- =04 73/24, HAH: 564
- first-line Tx: TT 36 (37.1%), IT 61 (62.9%)
Parameter M or mean % or 5D
Age (years) 56 13-77
Gender (Males/Female) 73,24 75.3/247
BMI (kg/m?) 235 159-325
Underlying disease
Diabetes 22 227
Hypertension 31 320
Ischemic heart disease 0 0
Cerebrovascular disease 0 0
ECOG Performance Score
0 29 978
1 2 22
Unknown &
MSKCC risk
Favorable 7 135
Intermediate £5 730
Poor 12 135
Unknown 8
Heng risk
Favorable 12 135
Intermediate £5 730
Poor 12 135
Unknown 2
Metastatic site
Lung 74 76.3
Liver 17 175
LM 45 454
Bone 33 34
Brain £ 6.2
Other 11 1153

BAP1 IHC 2+

PBRM1IHC 2+

TGase-2 IHC 2+

BAP1 IHC 3+

PBRM1IHC 3+

Parameter M or mea % or 5D
n

Clinical T stage
1 9 114
T2 14 177
T3 22 278
T4 ) 114
T= 25 316
Unknown 13
MO 41 483
M1 17 202
MX 26 310

Synchrono / Metachrno 59/37 615/38.5

nous metastasis

Embolization 10 10.3

Mephrectomy 67 691

Pathologic T stage 7 105
1 13 154
T2 19 283
LE] 4 &
T4 24 358
Tx
MO 35 522
M1 7 104
M 25 373

Fuhrman grade 2 33
1 15 250
2 32 53.3
3 11 153
4 37




Parameter M or mean %o or 5D

Histology
Clear cell, pure 67 £9.1
Papillary 8 82
Chromophobe 2 21
Unclassified 1 10
Unknown 19 196
Sarcomatoid component & 6.2

Primary Tx drug

Target therapy 36 371
Immunoctheray Bl 620
DFT <1yr 65 670

12 line RECIST criteria

PD 29 387

sD 19 25.3

PR 19 253

CR & 107

F/u loss or death 22
PFS (mo.) 7.2 1-1466
Owverall survival (mo.) 133 22-1496

-. TMA & IHC results; *positive > 5%

Marker Total pt No  *Positive No
of Sample of sample

BAP1 (AEHES) 97 10 (10.3%)
PBRM1 97 42 (43.3%)
PS6 97 12 (12.4%)
PTEN 97 66 (68.0%)
TGase2 97 61 (62.9%)
PDL1 97 29 (29.9%)
VHL 97 11 (11.3%)
HIFla 97 7 (7.2%)
HIF2a 97 50 (51.5%)
VEGFR1 52 26 (50%)
VEGFR2 52 37 (38.1%) ** H_-Score _E_c&lI%
VEGFR3 52 9 (9.3%) o ——
PDGFRa 52 52 (100%) = (% of cell stained at intensity 1x1)
EESFRB gg 32’ gg}l;ﬂ + (% of cell stained at intensity 2x2)
CD31(%) 52 23 (23:7%) + (% of cell stained at intensity 3x3)
CD34(%) 52 23 (23.7%)
SMA 97 52 (1009%)
PSMA 97 3 (3.1%)

Ki67 a7 32 (33.0%)




-. Univariate analysis

= — ] e
- Univariate analysis Sl
. First-line PFS: CA-9 (p=0.038) ' T
CA-9 positive: mPFS 8.8mos (6.3 -11.3) .
CA-9 negative: mPFS 3.9mos (0.7 -7.1) ',é
: First-line OS: CD31 (p=0.051), PDGFRP (p=0.065), VEGFR1 (p=0.106)

O =& AlZhetstktol| cheh 2 7S Soll BAP1, PBRM-1 28 3 mTOR Pathway 22| ##HAM, o=

= = )
ofo| HHAMSE Validationstl, 53| TMAS 0|88 IHCHTZE datolM A Ha3 = U= dzf
== 7|t

O BAP1, PBRM-1 23 2 mTOR Pathway & @I XHPTEN, PS6) = = E=Z A0 AFSIAUS.

O goish kel =Z|(773 tissue sample, 20 candidate marker)22Z AT E A[&SI0] AlEetoA
Tissue-based molecular biomarkerofl CHet CHt2 A7 Z1 =& 3 &% 72 Pilot study2
M 25t 47 ARt J|hE

O xol 4lmetainie] gl ATL 9 Mol HaE
X

AMEkel SAloll cizke| =Z|(& 257 tissue sample- gt
AlZHH A 154 tissue sample, issue samples)2Z CIFSt candidate Tissue-based
molecular biomarkerol CHet HAFE Al&sto] &% FIIXQl 472l PilotAFEM 0 REEH THA]
E 7 A= o,

O & A7 Mot =HIF 2016G97HA| == 2® 2 & YEo|n, XM =B
g AFZE(SCI=& 2H, IF 4)5 M3ste A7 Moot 7|oi=oq, X ?:FEJ =z
O

b=
(Cancer Research and Treatment, IF 3.318) Ol Accept&[=.




4, = EESEE 2 EEHAZOE 7|0z
4-1. SESME
AF=iE F GItEotdol et AU Ee HAE
MEAT=E Z+E%((%) Hote| Rotd 3 M SHEYNE
- NMEE MME E=F (= - 7|& =EE Za/H™o| MMEZet =&
A /Ao0| ALM| 3 2H) of] A 20 oflA{ BAP1, PBRM1 =X Xfeio| 2 ot 0%
N . . ()
Tissue microarray (TMA)E QIXt=o| CHEt Tissue microarray
0| 235}01 52 olof| A 2 (TMA)M[ZF 2 |HC A3 ofF
BAP1, PBRM1 ®ZX At 0|2 - BAP1, PBRM1 X Aol 2 2 QIX} 8%
e, o=dX2AMol Ftx| 10 =2 =X IJix|(LAMA olof)of CHEH (YF &4 F
(&= olo)of thet AT S gl sha|uhEois iE BME)
- 71& =22 9 FIF 5 TKis x| =2
Mol AlMl et shXlo| AlZF
ZA (s & M, 3-40043 o d)
2 Mol HAXA (s 2 MA,
30 10042 oi&)ollA BAP1, PBRM1 30%
- Mol AMAMEZeto| cfst TAAE O] 2 mHOIXE, @Y
TKIsx| BA| %2 H=22 of A QIXL, vascularity 5F
<= . 2+ QIX}, TGase-2, PD-L1oil CHSt TMA
=35 & ol= — 3 3
=2 T U tissue-based ME 9 oljd] [HC Als of=
molecular biomarker 2M4
BAP1, PBRWI SXXAjEO| - dold dMjzater Kisxzs¢el
A IR} =S PG 10 BhXte| FIHMQl AE =2 (5 =22 -
(angiogenesis) 2 QIA}, MAzZA) 2 Mo| Ha =F(z ¥
vascular ity IR}, dAEH) 2HE(5-10042) of F
TGase-2, PD-L1 =2 &t - J|E= U =7} s Mo|A AIMZot
& Jtx[ofl CHSt Pilot 4+ Z==|oj| off st BAP1, PBRM1 =% X 0|
0,
S EECIXE, o HA BECIRL o
10 ) (g8 24 &
vascularity 58 ZHHQIX} TGase-2, 5= HAx)
PD-L10l CHEF oi 7 Z3f ofls| 24 e
o5
et 100 SESMET 96%

4-2. HHAEOF 7|0

O = AMzEFsEXlo| CHet ¢471E S35 BAP1, PBRM-1 2+ed 2! mTOR Pathway 2o ZtEHA | o Fbo| &t
H 2 IFHEXE HWM2SZE Validation® = US H2=2 7|th=Eof, 5] TMAE 0|83 IHCAT=2
atoAl A HIZ Mg = U= EEo| US

O BAP1, PBRI-1 281 2 mTOR Pathway2te| ZHEIA(PTEN, PS6) S Z X2 SAlo| o732,

O TiKls & ™AXZE Al&sh Mo| MM EZetEtAtel ur AEH A 2 Mo| HASE, SAlof CHE
Z=2Z|(& 185 cases - 257 tissue sample)2Z Cl2Fst candidate tissue-based molecular
biomarkeroll CHet A1 5 A|&5l0 (53| BAP1, PBRM1 RM Al Holete| &A= = x2 £ oN)
2 FIIEQ AL PilotATFEA o FEe JHXE J7HE A2 of M=
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