= o o a a (=3 & o al a
ﬂ’]'a‘ﬁﬂ‘l:l"]ﬂ’]']N‘gﬂ‘ﬂ’aﬂﬂﬂiﬂ@ﬁﬂwuq‘ﬂﬁﬂﬂuﬂﬂ GLUN%L%‘QLUQLEI@LHEI'JWN

a a a 14 LA
STULMMBAURIMNTUs DA budtlaelne

WNE17 UM USayeyndana

v o

awﬂﬁﬁwuﬁﬁﬂudfmﬁﬁwmm‘a‘ﬁﬂmmuué’ngmeﬂ‘%zytyﬁwmmﬂmsumﬂ'mﬁm
ANUINITIRYTANRAST NAITINLTANRAS
AMSUNVEAIEAT AWIAINTUNUINENRE
insAnmn 2551

=

AUANBVRIWIAINT NN INERE



PREVALENCE OF KIT GENE MUTATION IN GASTROINTESTINAL-STROMAL TUMOR
(GIST) IN THAI PATIENTS

Miss Napa Parinyanitikul

A Thesis Submitted in Partial Fulfilment of the Requirements
For the Degree of Master of Science Program in Medicine
Department of Medicine
Faculty of Mediicine
Chulalongkorn University
Academic Year 2008
Copyright of Chulalongkorn University



vindeanentinug N19ANEIANNYNTRININATERLFIR9EWAN TunifaileiEianaiuszuy
NaAueNsvTaAad lugilaelne
ol UNAN WA UTeyaynilana
A3 BIEIANARNT
el o e . - cao o o
81A9fLFNEANeNInug Hrnaaansansd waunwne Alsad Aigisned

21NN IS TNUSIIN  799AIEMINAN9ET WIBWANET UIUNT 2996

a

9

ARITUINNEANERS Qinaensninmanendy auA IiuanedinusaiuilidudiuniivaasnisAnm

ANNUNANGMILTEY Y NU TN

......................................................................... ATULIA ADELNNEIANERS

(309ANAR31A19E] WU aRAs singas)

ADUZNITNNNTFALANENTINUS

............................................................................ 192611NT91NT

(HeAnansnanse wiauwned stung dradidusaunn)

............................................................................... 211 3eNLEN AN DNUSUAN

(HaAnansnanse wiauwnd alaaid Asginanad )

ol = = o
................................................................................ a1 TENLINEN NN inus Tl

a

(309ANAMT1ANTE WNRILANE WTUNT 2998)

9

................................................................................. n3TNNIT

................................................................................. NIINNITNIEUDNNUNINENAL

(faaimansIanse wieunne lwnnw Asvdutiug)



un1 Pstyey Bifiga : nsAnwANgnIeInIsnaaiuaesiuan lunzidaiafianeiussuy
MakuIsvzaaant lugilaelng (PREVALENCE OF KIT GENE MUTATION IN
GASTROINTESTINAL-STROMAL TUMOR (GIST) IN THAI PATIENTS) &. AtSnm1ananinus

wan: wA.un Alau  Arainswed, o MUTNEN AN TnusIIN: 9A.UN.UTUNS 09qm, 84 uiln.

A nsinsunannddnfaestiuAnnuduiuanvndidaeinisialsanvidaiiaitia Naowu
srULMSAUaIMIEeast uarduduiihunadanisineddunntu nsnaaiugaasduAnsai
ANNTDNNUNENIRaLANEFeENENITTY RdEsiesnisinszinisnanaiugaestuAniduafiwenludion

e X A A o a A o = o o :
nzfuilaitianaeiussuunafuva i sviseasilulsuna lnauaz@nsuniladeniuasonisneuaneueden

= aa
ANINUL

LA a v a;aa o 1 3| < dgll dll d‘ o a A a '3 =
Eﬂ’)ﬂLL@g’)ﬁﬂ’]‘a‘ Eﬂ']il 36 aNatadsIuNzITILa I ANAINUIT LN ILAURIUNTVTDRAT LAZH

TULUNNNENBINYN FUGT WA, 2545-2551 1NanainaNIRLgNITH WATNINIIATIARLAIILININAERLE

aal [

88 NS uATAIIRALELETLATYIYNINE AINTUTNNITAIETANNANRUS LN IR LALDITRIEN

e

srezoallinisgnainaasisn uazszazinaIN9s0nTIn

NANIFIAE  ANNNIDANAANIRLENIINUATATARNANTH 24 318,15 90y 24 9181 (62.5%) WuNIg

«

NANERUEIBSEUANIBATE 11, 4 918 (16.7%) WUNNINANLWUE UDIBUANIEATOL 9 ANBIUZNNINANLNUT

]

1R9TUANBATEY 11 WU 66.7% 111 Deletion, 20% 111 Complex mutation, 13.3% i1 Substitution Tyt
71 iavam 4 9eaeenIInaEugaestuAnieatau 9 i Duplication ndsannARaNELaewu 1adY 22.5

A ! & < d” P = o a A a I3 Py [
weu nud ludthenziFuiledioNeaitssuuMIuAueNININEeRAT sTUENIzaNAIANLNIINANR LT84

A a ~ o o a | A | o & A a
gupnieatou 11 Huusltiulunismevauasnisinmandrlunguinnmalinunisnanaiugaestiuanienden 11
Tnafdnanisnevauesienas 62.5 \euiuiesas 37.5, p=.74 , szaznaflaiinisgnainaesisn 33.06

A a o A aa A = o A

Raw WU 21.6 1A9W, p=.08 UAZITHZIIAINITIVATIA 41.7 R8U 1NEUiL 31.3 Heu, p=.26

aglnaniside  ANgnIaINIInAeufIesEuAn TunzifaliedianaaiuszuunIusAueIuTe

a «

Aa9t ludthelnawmleududszinadu Anwaznimnateiugresduaniisneiu uiladenniiuienis

ARUALBIABNT AL BNNNRL Trazinan? linnsgnaINaesisn uazsvezaIN93enTLmn Tnanis

o o oo

naneiugaasiuAniaaTaw 11 dAuduiusiunisnauauassiasdunfidy, sseznadlifinnsgnainaasise

=

UWAZITEZINAINIIRATIRNANIINGNT AN NaNeRUg AN T A9

]

AT ... BIEIANART............ AVEHQTOTRO. ...
a I'd A di dl a a L
AT, ... ... BIEIANART ... AR08 AUTNHINENTNUTUAN ..o

Unnsdnen ... 2551 i, AN NUFNHINENTINUTIVN. oo,



##5074787930: MAJOR MEDICINE

KEYWORDs: KIT GENE/ GASTROINTESTINAL-STROMAL TUMOR (GIST)

NAPA PARINYANITIKUL: PREVALENCE OF KIT GENE MUTATION IN GASTROINTESTINAL-
STROMAL TUMOR (GIST) IN THAI PATIENTS. ADVISOR: ASST.PROF.VIROTE
SRIURANPONG, M.D. CO-ADVISOR: ASSOC.PROF.NARIN VORAVUD, M.D.,84 pp.

Background Activating mutations of KIT have been described to be the crucial molecular
pathogenesis of gastrointestinal-stromal tumor (GIST). Individual KIT mutations show different prognosis
and differential response to the treatment with imatinib. We investigated the prevalence and pattern of KIT

mutation in GIST in Thai patients.

Methods Thirty six GIST patients diagnosed and treated at the King Chulalongkorn Memorial
Hospital during 2002-2008 who had adequate archival paraffin-embedded tumor tissue were identified.
DNA was extracted from tumor tissue and then amplified by PCR with primers for KIT exon 11 and exon 9.
All PCR products were subjected to direct sequencing. The associations between KI/T mutation and tumor
response to treatment, time to progression (TTP), and overall survival (OS) were analyzed.

Results We successfully amplified 24 out of 36 tumor materials. Mutations of KIT exon 11 were
detected in 15 out of 24 tumors (62.5%) and mutations of KIT exon 9 were demonstrated in 4 tumors
(16.7%). Most of KIT exon 11 mutations were deletion (10/15:66.7%), complex mutation (3/15: 20%) and
substitutions (2/15: 13.3%). Mutations of KIT exon 9 were all gene duplication (4/4: 100%). The median
follow-up time was 22.5 months. There was a trend toward better treatment outcomes in advanced GIST
with KIT exon 11 mutations than non-K/T exon 11 mutations. The objective response were 62.5% vs 37.5%
(p=0.74), TTP were 33.1 months vs 21.6 months (p=0.08) and OS were 41.7 months vs 31.3 months
(p=0.26) for KIT exon11 mutation vs non-KIT exon11 mutation respectively.

Conclusion Our study shows similar prevalence of KIT mutations in Thai GIST patients consistent
with the other previous reports. Mutation of exon 11 associates with better imatinib response, time to

progression, and overall survival.

Department........... Medicine................ Student’s Signature........cocooveeiiiene e
Field of Study:....... Medicine ............... AdVISOr's SIgNatUre.......ccoviiviiieiiiiie e

Academic Year:.... 2008..................... C0-advisor's SigNature.........oocvvveeeieiiieee e



neRAnssNUsznA

a o ]

PRUAUNILAUNNVINUNNEIUFINNN 1118 UANTAQANANATINEIINE TaLIAT

A.WEY. WONA AGEWAY NENFUNVE TNty sTILININAUEI NS ARnsesaa T U ia Nz

1
a e A

alEaNNWITLILNNAREIMIvFeaas Mmunzanlunnsinazininaneiug uwazney. o4

So

AN MzeyIRAN FRATITinIInaeiiugnIeiestiRnig AvuANNITARRA1sLgNTIN N9

2

Polymerase chain reaction 284 KIT exon 11 WAL 9, N119911 DNA sequencing aulddayangn

a

a o/ dg’
luanuaRe

v

Laza990UANLNIINNY Searins wanunatlszanuiaeaitings deenils 44 4 uazune

o | a

a | Y % v dl 1 = o d‘ 1 ¥ = P
VINAAA  LIAD  LQAIUUNNUULLANLILUA 989UT 4 NTIYTIUTINIBYA TILATLREA ‘ll‘ﬂ\‘i%ﬂ")ﬁl

@ d’l dl ai o a A a c % 3 dl 1 aa dl 1 a AD dlf dl
HELTUUBLRLNHINUTIELUNIUAURIUITUTRRAN LANUNUINUUE NN TINUINTGILLATHNTULUDLND

a 6 Ly

U hlafiunnsdiaseiisio i 191aLAM WINANASTAY AYUNe UNAINNAARSNNTUNNES uaY

6

Wt fiRnsiugnIsuidaa A liunIIAszinIsnanewug

9

1
& =

Vnefge  aereuANAY  WIAuazATaLATIIRIT WA ITANATIuN9YIN9NUAAE LA

J ¥ =
GIARNIZRIE



RO

v
il
LN O BN B oo R
LNAREBN T VEINEE. ..o q
D BN T TN S NNl Q
BNTUTEU oottt i
BT T BINT N et ™
BVTTEUN NI, oottt 3l
UNN
U T e e 1
o -4 dl a o/

1.1 ANAATYUAENIRITIY T TN/ . 1

12 P VNNNTIREL oo 2

1.3 ARQUTEAAUBINITVTE .o 2

1.4 ANNAFIUYBINNTVNE oo 2

1.5 NIAUUIAIIN AR ITTVRE oo 3

1.6 DNTANRINNTARE ARIEIR . e 4

1.7 (aU e TR AR AN NNNT IR oo 4

[~ dgj dl dl o a A a I's
2. N T LD LN NI Z U LN AURATANTTTDRATT. ... oveeeeeeee oo 5
=
B AU K T e, 17
= [~3 dgl dll all o a A a I8

4. 891 KIT Azl 0 ng N UIZULUNIABBINITATARAN . ...oveeeeeeee oo 24
5. BN TTOUN T T U IR, oo 31
6. FHAUATTENT. ..ottt 36
6.1 UTETINTUALNGNADBE N ..ot 36

6.2 NNT AU AP DEIN . ooeeeee e e e e e , 36

8.3 MNTRI N BT AZ NI NI TR e+ttt 37

6.4 TURDUUAZABNNIATIANIINANERIE. ..o 39

6.5 NMITTVLTVHTBEA . ..ottt 43

6.6 NIITATVEVLBHA ..ot 44

AT L1 o Lol TSR 45



8. ANUTVRINANNTVREL e 58
9. ATUNANNTITEUAZTBAWBWUE ..o 61
TAINVTE NGB ..o 63
DVPRUIN . e, 77

DARRNUIN N, 78

U TRETEUINEITINUEIAN ..o 84



B‘l’]ﬁ"]\‘]‘ﬁl 2.1
[51'1'3‘"]\‘]17‘]' 2.2
I?I’Tj"i\‘l‘ﬁl 2.3
[51’13‘"]\117{ 5.1
l?l’]ﬁ?’]\‘i‘ﬁl 6.1
El’ﬁ’k‘l‘ﬁl 7.1
[51’13‘"]\117{ 7.2
[51'1'3‘"]\‘]17‘]' 7.3

AN919T 7.4

AN9197 8.1

ANTUYAITI

ﬁﬂwmzﬂﬁ@é’@uﬁLﬂwﬁ’qﬁ'ﬁwﬁq'ﬁwuﬁmﬂ%ﬁ@ﬁﬂLmﬂ‘ﬂmﬁﬁm@mimm
WENEINEIAINNABIANITALITIULLL Spindle Cell .....ovovviriiice, 8
pranatlszidulemandudlugnaedlsanziSailediedeaiuszuumaiu
ATV BAATIE AN LN E AT NTHTO. ooovee 9

v o | % o dl a v <
ﬂlﬂNﬂ@@ﬁq‘ﬂN@ﬂqﬁ‘ﬂ@UL‘]J‘Lﬁ]’]LL@Zﬂ’]ﬁ‘ﬂiﬁ@’]ﬂM@\WWﬂV]Lﬂqﬁlﬂlﬂ’]ﬂaﬂﬁ]ﬂiiﬁﬂﬂﬁ‘ﬂ

¥ 1 1
= A

\WelEaNeaNuIsLLNIAUEIMTMTaAd Aumdenazinizatng anldian
dousiy nansuazilany  uazanldlvn) newnnsldenanwiy Aunddiu... 10
memiﬁﬂmmqﬂizmﬂLﬁ'mﬁuau”ﬁmmimmmaﬂmﬂﬁuﬁmmﬁuﬁm ..... 32
WAMY Primer sequences ﬁiﬂummmmafﬂmm‘w“uﬁfmmiuﬁw UAZANUD
PCR Annealing CONAItiONS. . ....iiiei e 41

1 Ai/ v 3 d’l dl d‘ [ a A
AITINLEA mmmgawugmiugﬂwmm PR LERLNEINUTSULNINLAUDINITUTE

wanstaganisnaneiugaasiuan TunziFauiaitio NaaRusrILNIANaIMNg
WERRRTTIWINIZ. ..., 50
LAPNTAYANIINAERUST IAAINNN391 DNA Sequencing...................... 52

Y & o aa_a > g X A4 A o
Gumﬂ@wugmumﬁ%ﬂmqﬂ@uﬂwwﬂuaﬂqauumLu@memwmwu

¥ A

NLAUAINTUTDARY TALULNATNAN L IRINITNANYNUEANWTD I HN19

q

NATEWUTUBIAN EXON 11 ...t 55

aa

1 Ly s & = a L 123 dp Adl Adl [
LAANUDY AL ﬂ’1?Mﬂ”l‘j‘ﬂ@Wﬂwuﬁﬂl’ﬂﬂﬂuﬁﬂﬁlu@iﬂ’lﬂiﬁﬂm$L?<1 PURLEIRENEINU

a

a A a = 1 = o =S d’j
ﬁ‘:‘].lllVl’NLﬂuﬂﬂﬂ’]?ﬁﬁ‘ﬂ@@‘i’ﬂuﬂ’]ﬁ‘ﬁﬂﬂ’][51"]\1°'| WELNUNITANEIU. ..o 59



£ad  2ap  2ap
e e il
S, Sy S
N N -
N

2ap
=
=)
—_\

©ap
il

=D_

w W

2ah  ad  ©2ap
£ B B
S S, Sh
~N N~
M~ w N

2

ANTURYNIN

ATBUI AR AN NTIRE et 3
% 1 1
AN LN NN BINNUBIN LT HDLE AN IR UI LU LUN AU W TUFARAN.. 7

WAANTZEIZINAINNTIDATIMNAIRNNFNEAILENANIRL TUA 400 LAy 800

FAANTUFATU NLUTUNI9FNHFUAN A1NN19ANE EORTC 62005. ... 12
uamIdauLlsENaLIBIAN LAY NI RTEYALTAAN. ... 18

wapsAuaNIateRngaesEuAn  lunzidulladianaaiussuuniaiu

‘mw’]a“iﬁ‘ﬂamﬁ, germ cell tumor Lag mast cell neoplasm....................... 20
LAPNANHOIZNINANYRUGUDIRIUAN exon 11 IWLLBR..............coov, 26

LAPNITEINANNNSSEATAAA NI NI AT iWefiansainann
FWMUANITNATERUG BBIEUAN. ..o 33
WAAIANANIUFIEUI AU TBIN1INALARUT LAz szeznAnTilsnag
ANATN WAZTEHZIIAMNTIBATIP. ... 34
wiufaninsmussiwiensSuiedefesiuzuumaiuemaite
AATT RN oo 45
wamdeyaiilfannisyin conventional PCR &L KIT exon 11............ 51
WAAFNAENINIINANERUFIRY KIT exon 11 WU complex mutation ....52-53
Laaansmaes Tanalalnsiildannnissin DNA sequencing Annsulasuulas
WA BASE COUON ..ot 53
wapaszezaanihifinsgnaeedlsnludiaeidua dfinnananeiugues
fuAn exon 11 MARNTINEEILENANNZBINTRL ..o 56

Aa vy Ao P o & N a
LAANTEEIZLIATNTTAATIB IuﬁjﬂQﬂVINLL@ZiNNﬂq?ﬂ@qﬂwuﬁqﬂ’ﬂﬂﬂuﬂVI exon

o dla/ 4 a aa
11 KANANNNTNHIAVILUNRNIE BHINUL .o, 57



px
UNN 1

UNU

1. ANAIAYRAasNNdtlyinlun153a8 (Background and Rationale)

o

s A A A o a A a & = o - , -
nzilalEiofaiuss LU ANeIMIvEeasy  Deuddnazigiinisalliian Ae
1svnns 0.1- 3% 89 NLFITULNIGAURIUITTaNNA  wAdaTTunziFaatiaiEianaawunny
dl a aa o 1 v F73 ng d’lj an 1
NNNgATITILNINAREIMNT  Nasataduneuning 2000 ldn1snsaaTulanIawensIneTae
4! a v 1 v v dg/ = 1 v o Yo £ dgj
TN IATNAF U NAIUARSTANANILAEU AT UNNEIuAdNemaTeLLLssda N i naumsing
Isamanaalisunisanadeiatly  Leiomyomas, Leiomyosarcomas, Leiomyoblastomas
Schwannomas 3% gastrointestinal autonomic nerve tumors WAAINANNAIIENNN
AneAaninLd  uzifeatailazinnsuansaanaassiaiuniasaulaAn (type 1l receptor
tyrosine kinase KIT) Nnndalszanns 90%  TReifmAnAuALNLINY89NI TN UL RSFRTLIAY
Na19Aa  KIT proto-oncogene Wafinnisnanaiuguestiufinaisazinlisiaiunisasoyiuls
uldieslaelidesdonszsu  aufansasymuTnnuinnadnfaunanaiunzisediangn
EITEN)
@’mﬂ’1iﬁﬂmwudﬁmiﬂamﬁuﬁmmﬁu KIT  S9aN8Auia e S Aa s AN LALeWL
@ rdl 1 o d” dl o & O 1 dl 1 o 1
Wafidusuansineiy  wanainiinisinunisnaaiugAIwmansgiuinasiantswennndlse
WATNITADLAUBIABNITINHIAQELNNANNIZFAD Fa5U KIT A8 imatinib (Glivec) NLANANAL LAy
nsnaneiuiLe I uMsenaldnauauessanisinesag imatinb  GeEnsANERINEne
1 dla cY dy dl % [~3 dy dl dl s a
pnstlszinanigaridayail Tusefinanisnaged ezt s a N N U s LUNI9ALAN 113

WraAauANanIenengangn  ldinnsuansaanaasiaiuniaasnAninAan - wudnuiedauiing

! '
e o o ©

NANENUENAAFURUMLIBULTY Platelet derived growth factor receptor alpha (PDGFRA) Taglai

9

vy o < o o o vy s =
grlaaanuaunilluaunneuauedsias imatinio WasannTudszmalnadslifinsfnemig
TwananaafunisnansRugasnaaias 81aNLINHNINAERUgILANFN9aINNIsANE T

AU INALAT I NARANIIAALAURINITTNEGN8LN imatinib  Usznauiusnisneileaiiiiluen

Ao o o o \ = o o \ )
‘V]Nﬁ‘qﬂ"@\‘] Iuﬂﬁ‘zLV]ﬂﬂq@\jWWuq'ﬂﬂq\‘iﬂﬁglmﬂivmﬂ’]?ﬂﬂ‘]‘_‘mﬂqﬁ‘ﬂ@qﬂwuﬁquﬂq@@qu?ﬂ‘ﬁQﬂiuLN



nsldenlmfindssTamigan wazdninisnanaiugluiunisnlinauauessiasn imatinio 814

= d‘ as] (9 ] ¥ ' dll
WansUaeULLA9IENNTTNIN L IﬁﬂﬂﬂqmﬂuﬂﬂLLﬂu

2. A1DNNNN59298 (Research question)

ANDNNMAN (Primary Research Question)

ANTNTBINITNANERUEIedEWAN  unzifaulialEafaaiuIrLLNILAue M IMTeA Al
TugilaeneunnsineainnisAnenauise s

ANDNTAY (Secondary Research Question)

NINANYRUGTBRIUAT  Auveiuansneiy  duiusiunisaniiulen niswannsnilsauaznis
1 o v . o %’/ [ % aa v 3 dgl dl -ai o
AELAUBNAANIFINHIAILELN imatinib $9NTNERIINIIenTaR TuFlaeuziduilaitainaaiusyuy

NILAUANWIVTRAAY NUANFSTUUTD L

¢

myissasAnaINIsIaE (Objective)

[ D

NHIANNYNIBINIINAERLgIasdaFuNIET LA TunziSutaEiaNeniuszuy
AU IMIvEeastt Tuliaelng

2. LLE‘EIU Lﬁﬂﬂﬂﬂiﬂ@ﬁﬂﬁuﬁﬁﬂﬂﬂ?ﬂoﬁLﬁuol,ﬁ‘ﬂ N1INLNILLIALAZNNTARALAUANFABNNTTNTN

3
v ¥

Fngieln  imatinib  $INTNARIINTIAATAM N LIFUTALE AN IR UILLLNIAURIUNTYTE

AN

D)

3. AnmnananesiugaasdaiunisasyiiuaAnluszEaiiaitia AU ILNANaIMNg
A a asn a

1s0RAY fedBLAN AB PCR WAz DNA sequencing fiN19A99aAANIaINIINaNERUg A0

wARA LN #2873 high resolution melts PCR

4. ANNRFIUUDIN9INE (Hypothesis)

& 1 1
HO @ A wgnIedn AN INaaRugaessaiunnesyEule An TunsdalleEianaaii
a A a N = 1 =< dl
sruLmIaRuesvizeaarlugilee Ing liliaanuuans1aainnisdnean
Ha :  @A%1ugnaesnisiianisnaneiugaassasunismsmnls An lunzifailetiaineai

a A a g v ' =2 dl
TTUUNNLAURINRITUTRAAN héﬁuslﬂﬁﬁli‘ﬂﬁlLLﬁlﬂﬁl’]\i@ﬁﬂﬂWﬁ‘ﬁﬂH’]'ﬂU’]



5. NTAULUIAMNAALUNNFIA8 (Conceptual framework)

Gastrointestinal stromal tumor or GIST

Tissue Pathology diagnosis + IHC

KIT expression
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False +ve False —ve False +ve False —ve
— e
PCR contamination unsuccessful PCR amplification
Sequencing artifact sequencing error
PCR contamination unsuccessful PCR amplification
Sequencing artifact sequencing error

Compare clinical, Response rate, Time to progression, Overall survival
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3| dl 1 @ o dl 1% o dl Vo o v < d” dl
HusnmanizdemanziisiausniAuny  wdsanibiiuenTunisinwdileensifaiiode
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NUIRUITULNIUAUDINTVTAAAYT X UNTNIZANENLIN AN TDANTNIIN1290ATIR L6

o

é{ o dald = a ] r—‘i =
UUAU Lmﬂuﬁ@auuuumiﬂﬂmq%m@Lum ATNNIDNNINHE

o I

ﬁfov%“ﬂﬁmLmzfmmmmma‘lﬁmiﬁmﬁqiﬂﬁmﬂgmuuﬁm LLﬁiWU'jWE:\TﬁLﬂuI?ﬂ
Neurofibromatosis type | Aleniaidesgefianialani lngannisinmaeszmaasing
99U 9udeyanilael Neurofibromatosis type | 70 snewugiAniend 7% [2] dauninnistias
fuAsdaeAanBugy fe KIT wunsiadnda sidedluuuy Multifocal [3, 4] sauralse
Carney triad %I\‘u,ﬂuﬂfojm‘ﬂmﬁﬁmmﬂm Gastrointestinal-Stromal Tumor, Paraganglioma
WAy Pulmonary Chondroma sinifinlugtlensin wsaduijsangies [5] douninlununig

NANERURIDIEY KIT uay PDGFRA [6]

ANNNTUATAINTUANITDILTA
TeatilafiAonuuansreiulumwandaiazane WAL e unlea luinAge
W nndn [71 75% wuludiiengunnngn 50 U (angede 58 T) dsznnns 3% Anulugnans

3

faandn 21 U Ineanng i nnutiasunn [6] a8 WL IFRaaANIALAINNT WARILALGT



WUNIN AB NITzenms 50% , anldAN 25%, 10% wuRanl&lnnjuasanldmse [6, 8]
uanmnﬁﬁwuiﬁﬁummmm?, Mesentery , Omentum , Retroperitoneum WAz Pelvis
dudquiley [9] a st lsnening nlifacmenizianzas sauuRuwiates
Aal 81ANeINNTHuTes a1vnslltes SeUWALAINA19ETA  ABARANANNNIALEIUIT

° 9

anldensiu e ludeuswisdnaialideinisudamanusaaauiiadyainnisdeanded
v 1y [~3 a ¥ d’ ?;/
wdonudndfeuNzRuALiadNlY mucosa BanuLlsTanm 20% waniu 10% MEIANLAIN
nsedangatian [10] uidnAeuiauinlungjeranudnfuunannszmnzasvizean lian
o % ¥ = A a o o { ¥
M AIATAMILeINIITA  1AEARBNAMNNILANEIMNT  InednHzAINa9siaduanainise
¥
wea Nz wazNzdnszwnzag (111 unaisteulaaenniesuuenaisanldtay
v o % dl 1 L% ‘ﬂli/ = a | [~3 dlq/ =
wfaaasldteunludesies  Tusendeutnisduinetnmniioaznszarallfisu vse lu
] & ¥ ! o [ QII | 901 A Aﬂl 1o &
doafiesls  drunnndnlidesnsyanalifsentnmans aranunisnszanglununacndamii
4 A [ o o ;J t&J dl aa o dgj
ViessamuuusasdudsaInian:  Faduiaiedtadelsn  wanainiinisnszangliuen
dasviad 1 Uan , nszan Anudasuinduiu usdatanulidndly advance GIST [12, 13] ul
Wudn dszinne 10-25%  vesdieenazindaaeinisuesisagnatn [10] n1sataguend
Uszdf m99ad9nIe A99aNeEA 1l Ultrasound, CT scan whole abdomenfaiantue
t:ll 1 aa [ % ¥ ] aa o [ % ¢:4I o o ¢=ll A tg 134’ a
nzidosdtadouenisals  usinsnaduuaNNdAnuiign Ae  N1IRIIRTLENIINEING
MY uazNIIRAATANNLARALAENNBNYY KIT Wasanludihalsnil ey 90% &nns

LAPNBANIBNARTUNTIRTIYLAL IR KIT

n159uARE

ANAIUZTR MF9RFI9NNE LAZNNTATIANINGIRAINAGE 1Y LanTLsARNNILAR ST
a4 1a9d9n1 Ineaniglumanuisaafanluias wanantifaiu1sauanneniIsnIzans

v [~3 v dl dl v =3 ] v o v o s = '8

gaatauNziield  asannnisnszanaluidasnusiasasldlifuusinldinengistdnannomas
daannae  nsldnismeaadurauusivanludesiiadimaazigaanisnszanaveslsnlusiu
wazilatiadnanaeldnninenasdnaniames a1 Functional imaging FDG-PET scans
Tainuztin lingaalusanifdunzifaia o aow s s uUN AU IVITAR AT T L LIN LAY
aunrnndnlesatan s Tamilun1glsviiun1neauauednissneien  imatinib  fiadse
% Aﬂl o a % acl o 1 -dll a 7 Aﬂl
daganuinnalunisatiuayunisnemalssiliusaedasinand Wesanndanldans g [14]

n1snsATuienIanenganaineunisdifn  lusendudiausrazusnaiuisonasie

v 1 o ¥ o dl o V%4 = a < dl o
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v %
¥ v A =]

wnanisle  whlusendluscasnsransnzacinsnlils n1sinTulana (FNA fine-needle

'
o a o %

aspiration  Uaz Biopsy) naduilunimiadundiAyneuGuinmsagannianizsiala
Inean1zn12AaTe (Biopsy) wazinllnmadenidEnig IHC WeasannlalFunnduilien

LN MINITNINTRTIANLATHNH

WENEINE WAZWENENLEA (Histopathology)

PUNATDIABUNLNTITUUN ALANANSTY DNANLAUATUIAEN 12 [ TURALRAT AuRd
211aUNINNd 20 [URWAT dauninaswudtaudniauialseunn 5-8 LuRWAT [15]
nalnninialsainannAuRalnRaestan1ana (Interstiial cell of Cajal) Saifluad
AAtylunnsatLANNIs TUAI I8N ILALETUNS Snusnnludundsitenaaniaain
awng AN aueaNziSe A Rae AN LALenng [16-18]

Fnunizvesfeunzisailedunndaanilan wudeuseumadaay  Svanedsous A
wm,ﬁﬁmmmq VRN T UL AN RaReeanRationns  UnaaaenanLm WL

¥ ¥

o X . . Y aa LA
RAARAN, LUARNNE LAY cystic degeneratlonimmﬂL’aW’]ﬂuﬂ'ﬂuVINmu’]MMﬂ&I LN@%ﬂQﬂﬂ@‘ﬂﬂ

qangaAd aunsautsaneusiny w3 uuy Ae spindle cell sy 60-70%,

epithelioid cell 11t 20-30% uay mixed cell Uszanns 10% [19, 20] Asgiil 2.1

917 2.1 ANBUEN NN BN TN LTI DA UIZUUN AU IVTDAAN

a) Spindle cell b) A Mixture of short spindle cell and Epithelioid cell
! v Ho X ! = )y X o a ,
ﬂfauﬁmu@m'immﬂun@m:mmmﬂmuLu@ LIEUABRNTESUUNINAURNUNT b

Leiomyoma ,Leiomyoblastoma Ha9RINATIANLANE SN NNENTINGT WAZNIIHARNLAAS
% o a % dlzJ = 1 1 ¥ dsj a a % o a
AUNTILUATBINATN LB LTEIU [21] ADNIATIANLINNDULUBNDNAARALTAAUNILLAUDITEUL

Uszgmenludmsoeduin  luszazsann Tull 1990 wudnlsailimasunniinAe Cajal cell



(Interstitial cell of Cajal) %IQLﬂuLsﬁ@ﬁLﬂuﬁfJﬂQU@NﬂW?ﬁUﬁQﬂJﬂ\‘m?ZW\HZ wazan & ﬁ'mﬂu%u
piindnuiitednld watidhwaadusnda (Stem cell) ansnsaesoinlnlldwaanduile
SeuuasaresszuudszamentuTiifidedenfiudaeiiniuyudn KITvie CD117

wunsRedNe lmaviTeLs et tdnaney 95% [7, 10] WaNANTENLINSRAR
CD34 GaluAiiuanddamadusiibe (Stem cell) Ugzunu 60-70% ,smooth muscle actin
1gza104 30-40% ,S100 Uszunnd 5% 11nNnan 95% finunaifluat Wz Desmin Uszanm 1-
2% [22, 23] mafeniAINsENgutanlunsitadtuenlsauzSaeand el
TTULMMALEIMNT  WaT  N239989U92@ e R IR s U LNNAREIMNTBNANNNZLE

v 1 1 1
LN g N UL LUNIIAURINNTVTARAYT FLLAR LA 2.1

Histology KIT SMA Desmin | S-100 | CD34
GIST Spindle cell or | + + + + +
Epithelioid or (30-40%) | (1-2%) (5%) (60-70%)
mixed
Smooth muscle | Spindle cell - + - - +
neoplasm (most) (10-15%)
Gl tract | Spindle cell - - - + +
Schwannoma
Desmoid Spindle cell - + + + +
fibromatosis (rare) (rare) (few)

R 2.1 ANBULNIERNRLAHAIE TN BNYY fidaeiifastuanlsafifinan snsanas
InenanNnaedqanssAlliiuiLy Spindle cell

doutierilsznnt 5% tewzduileideiesiuszuumaiuemeviseaay fazama
Tdwunsdianmsdaas  KIT mju‘ﬁﬁmuﬂumjuﬁm%wummﬁmﬂﬂﬁﬁﬁ%mmﬁ'u s}
PDGFRA duflfinsmavuauaiieinmdanen imatinib [19] uenanidsananunsindzes

protein kinase C-theta [24] FeRn1sAnE NnNNg luszasuaanaaiunisldennanieralsa

4
=

U

Hasaiduadanisnauiiudrualsn N15QNAIN N15NTEANEURILsA (Prognosis Factors)
ﬂ@fﬂﬁuﬁﬁmﬁL"f':m@ﬂmml:ﬁ@@I@Lﬁ'mﬁmzuumqLﬁummw?@?mﬁﬂumﬁ*q Taddn

AzINAVERANHNIENNENFANETiuaAsaanes Mitotic rate ifuagngls 1asanndauunn

o A e Y o o o K = » o
NAIANNNHILABRAN LA NﬂNﬂWiﬂ@ULﬂWﬁW@x‘lTiﬂ@ﬂ Fletcher LL@:V’]MZVL@@@@Q’]NEHLL?Q%@Q



Tsapnaunaesien uaz Mitotic rate aanifly 4 szay [19] Awuanslunised 2.2 wudd
N nNnd1 50% vesdiaelunguniaonidengaiilanianauiugqludos 10 udsaniGEs
aa o dl o %’ =) dl = [ 1 dld dl 7 2 =
Jtademedounnnauiduinlu 3 U Weweauiudihelungunianudsstesavieanin i

lananauiilugntasunn Aa Usznnuiasndn 5% [11, 19]

Risk Category Size Mitotic count
Very low risk <2cm. <5/50 HPF
Low risk 2-5cm. <5/50 HPF
Intermediate risk <5cm. 6-10/50 HPF
5-10 cm. <5/50 HPF
High risk >10 cm. Any Mitotic rate
Any size >10/50 HPF
>5cm. >5/50 HPF

= = o s g & A o o a
19N 2.2 Asntseiiulanianauiiudnueslsans S ula WU ILNNIANANUNT
A a s o dl Yo Y acs 1 o o =® =)
13049 UAI NN e FAaeREn AR (ﬂﬁ‘\?ﬂé‘\iﬂ’]@’?ﬂﬂqﬁ‘ﬁﬂﬂ’mﬂﬂ Flecher tazAnsy 1

2002) HPF = high power field.

AN9ANENTRUNRIDNNINNENLLAAIINANNA NN UFIBTTAde FRaiDULATNENSD
ANeNuAAIBBNTR  Mitotic rate  Aun1nauiugreelsAkazilunNN1129n195 N AT
NRIANNNENAARA (Adjuvant therapy) newvtiniinaaludszmaglinulag Nilsson uazAue
TufilaeTsanzidauilaifiaNaniussuuniafuamsviseasyi lugalounazlanineaniy Ae
imatinib 41191 1,500 9181 Aaeugiae 17 T wudniladeninaiunisnensnilsnma 1ue
209801 098N  LATANENEANENNLAARANTRY  Mitotic  rate  TNANNUSAUAN  Ki-67
(proliferative index) NLBNNNTHUNFNIBINZIT IALNATUMUSIIATRUNZIT, WA LATANEUY

2 X an = | . = , . . | <
R9TULLENEN BN ARTIAWY 1T spindle cell %38 epithelioid cell lailuasan1sneanngal
T9A188 [10] LLr;im?ﬁﬂmr;iﬂmwudm"ﬁLLmi\mmﬁ@uLﬁm@ﬂﬁﬁmaﬁiﬂﬁﬂwmzmmqmmwm
Tsaduiu  Tnauzdnaumdeanldian anl&lvn), a1ldmas, mesentery uaznaanauis i

4o A oy « N
nsnennsadlsanudninlsainszinazanung [11, 25, 26] Beldannisiusmumudeyates

o 1

Miettinen LazAny AaLandlm19199 2.3 NITuAnIadnawianawlussiinenisendmaaluan
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tladendaatianm dlsanaududn  Tedasunndlunumndanylunnsdaaninldlannadia
TsAt1anaa [27] u'aﬂf«nﬂﬁﬂ”\aﬁﬁ@ﬁmm@”ﬂwm:mqwmﬁﬁwm%uj i1 ALALIR9N1INANE
WUSIDIEUAN ,NINLNTTENEBRILEdaN “a4 ANn1sAnHIatinsnInlunnauudiaedlsn
PINTIANUMUNTBININANINUGIDIEUAN DA LR NAS AN TR LIAUAITBINT NI AdEN
imatinibNFNgri 1MW N1snABRUSULL deletion codon 557-558 #1 exon 11 UAZNITNANE
o oo p AN A = e o o Y o = =
WugN exon 9 Anenennsallsanlain TeRasmusndayadtesiuliTuuma 4 uazuni 5
= @ al = \ = ! !

naiasuidasaesiasiulan ANNNsANEatanInnaniswensailsn Tnewudingw
d‘d all o d‘a a 1 1 = QI 49(
nAMAssgeaznuaneniclaslulauniaUnfninndn 1y Snisiinauresiaslulaon Sp,
8q, 17p, 20q wazinsungluaeslasiulaon 9p waz 13q [28-30] lsanidussaznszananudni

pouEaLnAresTasTulmunnndnlsnszazusnIiAYINIALNgY N9RTIaAnnsassaatas Tl

analdiiusauisnguaasdioaluiuidusielil

Risk of progressive disease (%)
Size Gastric Duodenum Jejunum or Rectum
ileum
Mitotic Index <2 cm. 0% 0% 0% 0%
< 5/50 HPF 2-5¢cm. 1.9%(very low) | 4.3%(low) 8.3%(low) 8.5%(low)
5-10 cm. 3.6%(low) 24%(moderate) | insig data insig data
>10 cm. 10%(moderate) | 52%(high) 34%(high) 57%(high)
Mitotic  index | <2 cm. None None(high) None 54% (high)
>5/50 HPF 2-5¢cm. 16%(moderate) | 73%(high) 50%(high) 52%(high)
5-10 cm. 55%(high) 85%(high) insig data insig data
>10 cm. 86%(high) 90%(high) 86%(high) 71%(high)

a v

139N 2.3 dayaaginanisnduilud waznisnszanaudsaniifnnugileelsanziss
HeLEaNeINUIZULNNUANEIUNIVERAAT AMUUaNTZINNZaue al&andausiu daunang
uazdae wazanl&lvn neunaziinsldeanzsialsn imatinib, Insig data: Insignificant

data
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1 [~ dgl dl dl o a A a G dw
LUNNSLINMUALEALNEINUTISLUUNINIAURIUNITUTRARAN Lﬂu CE A AN
1. graizusndnNnnsials (localized respectable disease)

2. ?tﬂzﬁﬁ\iiﬂqﬂﬂﬁmLLGiﬁhﬁTﬂhﬂﬁ (localized unresectable disease)

3. svesiiiniIngzans (metastasis disease)

AngsnEuanAa n12enFa Tasanizlusandluscacusnainisaeinsinlsd (localized

o o

respectable disease) nad1AnNlan1avaIAlAlUNgH low W78 intermediate NATATEY

o o

NN9HNER AR FadNIFRAauaan TNA 2X3IN1TLANTBASAAURIAAULAZIE NI NNITENFA Fad

1
A

L% 1 1% o dl a dld 2! o ¥ 1o
m%]LﬂwmmwmmeummmnLﬂummmmmwmmwimma NMFINBIAIENTITNIFAA

oA

WuIHERsN9senTIng 5 Tludialenll dezunn 28-80% [31-34] AMRALU0337EZ10A

%4 1 o !

Tranaulugn Uszanne 2 1 A nnsAnENLAN AN AANNATNERIIN139ATIAN 5 TIANGN

o aa

naensalduNg waznIRinITuLANgastauNzie adelitdnAtynians [27] Asiuunng
[ =K A dl o o QI o aa L dl [

AREINIINAINUNLNNNE ATy lun1siNdnsINIssanTinuesiiles GIST @HUWINIeNI95NE
AaeiN13UFARIN National Comprehensive Cancer Network (NCCN) WWin41 ATHNAR

%

AUBAN LIVNA (complete gross resection), Enbloc resection Tninlunsaininialsanautly
v 3

n
¥ P Aas A = A ' 1o @ v y K " o
G N"]mﬂQUINNT@UV]NsﬂuLu@NzL?QWm@ﬂ%, VLN@WL‘L]UW@\TL@']::W@NH’]LW@@Q ﬂ@'ﬂ‘uuﬂf]?

%

dnsmuuuldndas (laparoscopic surgery) uinflan Wasainnazunsndeunasdnsintios
n41 National Comprehensive Cancer Network (NCCN) l@uuztindnnaseindnsanana gl
GISTIA IRt AN L AAUNRUUIARN BT 5 WURINAT LAZAAILNN a2 IRULA918 N9
1 o b2 1 0 £ v . 1 1 o dl [ b
lnsimeaanldvun wAadusiesld extraction bag seudnanizendaietlasiunisunnaesian
tif 1 % [~ 9; o 1 t:ll b < 1 v EZ
dasantaziagan lon1ana Ui ugnauanenauNzisaeandanemae  [11, 35]  wianh
flaqiiudsliinanisinenluszazenanagitsdannesnisindnlaanisldndastiniu

dgj ] % o dld Y 1 A a
yananninisHsmaaNlss Temilluse N NNz uNnINge 1l 11 AaAAENAINNILALEINT 11T
AALTA YI9NAUNIINHILATAAINITFNHAIENANY imatinib

o o Ry . . ~ Y A A Iy

AniulsmsrasNNNIINIzaney (metastasis disease) 10 UNeUNENNAZHNIAUNLEN
o o 1 % a o = -&l dw o 1
Snwaniy dmsnisegsantiesnin JANNanguLsTIIu 19 heu \Hasannnislemilainlad
RavAuadfasARNTALarNTaneuadaLlun1ssneuan lusvaznsvanslugaariy Wi

o pRp o . L < A = o v ) .

PAIANNNNNNT I imatinib  WENWINANEIWAENNT Idatnawnianalulsa  chronic

myeloid leukemia \Wg1ze@MNIEUEN Ber- Abl 161 [36-38] WudnHnnsiiNTuaesdnses

FAAUINUDY 57 1HDU AINNANIIANEI B2222 189 Demetri LATANY BTUNNTANEILIN
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Phase Il ITaendfFeuieaunislden imatinib 400 Raaniusadi T4 Metastasis 5o
unresectable GIST Usz@nBnnaeden imatinib luaUIANIAINgIY 400 Hadniusedy
aansolsfuanisneuaueslazanns 60-70 % warilizazinanfinnasnenaslsyAnanm (time
to treatment failure, TTF) dszannd 84 dilmandk ?ﬁlqﬁuLflufogmﬂﬁ'ﬂuﬁwﬁwmﬂﬁmﬁ”ﬂm
NUFFNN ] fne targeted therapy [39] mn%’@gmﬁﬁaﬁmii"mfaﬂ%mﬁluﬂLu?m[%mrﬁi
nuaug I w.A2545 uenanidefinnsAnmn Phase Il 989 EORTC 62005 uaz US
Intergroup S0033 @i Reuifiaunslden imatinib 9una 400 uay 800 Hadniusedily
Metastasis %198 unresectable GIST wudﬁ%mmmju Tnan1pavaueailszunnd 50%, N1g
nduiflusnaedlsn 18 uay 20 LHeu Lmzmﬁﬁﬂgmﬁmﬁmﬁﬂm%ﬁm 55 LAY 51 LAau
IndiAeaiu liunnsneiunieadn unguiilsnananuudeani i imatinib 400 Sadnsusiadu
deuanaeidu 800 fadnfusiadu wudazann 30% deansnsnacuanlsals Tnad
srevinaN NN 3NENA s ANEA M (time to treatment failure, TTF) 1szannd 3 et [40-42]

Tunquinldenawin 400  Fadaniwsady  Alanafanisnanaiug usrudiennslden

(secondary resistance) 111N [43] ﬁqumﬂugﬂﬁ 2.2

iy

= [rzmonubicin{ n=86) -
= |rriati ninib mesy late 400 mg per day (ne=473) ——

Prop ortion of patients

Irnati ninib mresy late 800 rmg per day (n=473)
l:l T T T T T T T T T 1

Ju] 3 5] 9 12 1L 18 21 24 7 30
Months

97 2.2 uARY 9¥E0AINT9IBATIANGIAININ AL imatinib 21IA 400 uaz 800
Haaniusadu WeuAuNsiNEIALAN ANNIsANEY EORTC 62005

o . .- Y, ' o Ay : Ay

HatnaAENaeden imatinib wuldden wazaglusziunliguue Wy uan pauld

= Y = : = = o A o o o gY@ A o A ny &

aAEN Teudy douwmas Uanalesnnsa Audu uwasdwinlidadenanasn @als G

HadaReAanaasnuNInTunisldunniaunge 600 vise 800 Haaninsadu wirauiay

AUIUIA 400 HAANTNFARIU
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= = P oA ' o ' = = o
UNITANIFBLUANINLTI ﬂ'Jﬁ“-\:hf;lﬂﬂ?:ﬂ%LfJmuﬂumﬂm HNIFANEUBITILAR

a8l Le Cesne WAYADLE UAIA NN AL imatinib 114 1 Tudfauseidnenislvensalila

1
oA

Aunisugaen wud lunguivgaandlsngnanu 65% Weudu 15% wazilanguivgnen

a El ] q

o

nauNNBNITENanAS wudqﬁqﬁmimmumﬁi@mﬁﬂm‘ﬂgj [44] WanaNil Blay LavAnie

@ ©° = = ' Y | P \ Ay = 1%

finanng AnmBeunauseninanguinlfensaiiias, nguinldanunu 12 heuudongnen uay
| dl 1% = [% v (% a . o =2

ngunldeuy 36 neundamgaenlnafilaesiasnauauasasien  imatinib  lunnsAne

'
oA

BFR14 WLAINNANN

q

Y oA R da o odvy o d
wgRENeanang Hdnsnisnauitludiredlsanidondinguilaensieiiias
= = = o = f A o o < oo 1=l P
AD 6 WeaumeUiy 18 ihew ateliudAty Tnevivasanguiingaan ldilaouunnsieiuly
dl o o | 90, o [ aa o dla = ! ?:/ 4
(revemansnauiluinvredlsnd niuenani99enTIn UaaRINNRARIN 2 T 3 nga

1 1 o ¥ a =2 '
TifAuuANsinail AsiagsaRnnmKanIsANEsiall [45]
ANUsrANBNINTe imatinib lun19inm GIST szazqnainvzauningzang M liiia
a dl o . . Q/dl o a o o Qi Vo 1 o %
AINARNaztien imatinib N1 liNansinedTNdmIL GIST RlFTunstdneanuds a1n

Iy o = ' X ™ | o A o o o =
ﬂ@ﬂu@m@ﬂq??ﬂﬂqluﬂﬁmv\lﬂqq LLNQ']"VEL@TUﬂ']?N"IW@VILWN"I&&NLL@"J Qﬂrlﬂ GIST ENNI?@

| |
o o = =

naunnléige TnefAndsuguresnainduniiudnaedisa (median time to recurrence) 7
dszanny 152 U [46] lufihaunsenanudsslunisnauilugn nisldanieinmasy
A ] [ o = aa -dl o ¥
anafluniadanduiudilos laq1fuiiseupanIsANEINI9ARBNINERALNNT 1N
imatinio TuN195NE AN GIST UAINIHIGA 912911 The American College of Surgeons
and Oncology Group (ACOSOG) lénnn1sAnen phase II ACOSOG 79000 ImeiAnLaan
nziUeniaN@essianisnaudlugngs (high risk for recurrence) lun grlaaniaun

] %

Y R PRI = ¥ 4 A | a
Aewluaindnvidewindu 10 @y, Anisusnaesian wiselnisnszarelifitieydasiasldiiu 5
qn  Teadilhesiasliiunisidnefeunueiusoanulanliunn  Auougdilaeiidinson
nsAnEteN 106 918 gidindannnsdnenaz iy imatinib Tuawin 400 Haaniusadu
v ! !

sveiziaan 1 Unnemdanisiasin wasisunadugthenlifunsitadadniu GIST ilnanis
m39a31 KIT 1fluuan De Matteo 1691enunanisfniiiessiunudn dnsniesendtng 1, 2,

= A ° o A o [ | %
uwaz 3 U AD 99%, 97%, waT 97% ANNAAL waziidnsnlasanisnduiiuinuesisn (relapse
free survival, RFS) WL 94%, 73%, uaz 61% ANNAIAL T9HAIgaNdneeugieeluans
A ¥ . L. A o A A o =i | = -
Peunn waznaslden imatinib iWeinwuasniANlaenige Rwpnisallinalszasd
(adverse event) 3261 11l Yaeinqn 20% [47]

wanaInil €elin1sAnwalu Phase 1l Tay ACOSOG wiuipenfiu Md@atedn

ACOSOG 79001 Tngidaaangilag GIST AdAauIMIANINNIMTaWNAY 3 Bu. wazlaiunis
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ddiaenfauasnuuaviniusaalan tanguiaanidu 2 ngu nquusnazlai imatinio
Tuaun 400 Haanfusiadu uszazina 1 U WMeoudunguinassinléiu placebo Hanuau
9 A v = o = = o A a -
dilhendndannisinwnaiuan 708 918 waznsAnRthusnauanie 3Rz AN
WANGINTBY RFS 95191anga imatinib AunguadsuAn nsdnsERsulull 2002 udain
nsAns sl idsrezusn Inerdseguresnaiianiugiedunan 1.2 T nsdnenls
o g = = = = Yo ' D]
gnuuzti g anisAnE lwReuwmEay 2007 WasanuanisAnsAaudsdaauiang i
imatinib SNLE3N @NNTOLAN relapse free survival (RFS) laasineiidadnAtynieana
, o = | e aa ,
atelafinn nanisAnelussazannlnaienizuasiednsIn1ssendin (overall survival,0S)
fFaparaannnnsalyl [48] wiidntsz@nininlunisiin RFS 484n195ned3usiag imatinib
= o ' dl o o a aa o s o | 1%
aziipNdaEay winisnaziinsinedsuan 4 lunsadtingelifiinnudanauinaasas 1414

[ %

sl uazandenldludibhangula doymndrdyhe n1ed RFS fandn lalldunnened

1 k73 ¥
= IS v A

o > = . g CREN o AW ve o a
gilemantiuazdl overall survival Mandn Twdesdutaziiuingioarisnldiunisineiass
A Yar . o o dld o [« %’ 2 1 1 . o
1sa 65U imatinib WA lsAnauLTug1uan analuiiliaonuuAnsnsaes overall survival A
& Vv A = ¥ a = < Ao o A = =
winldanuaileduaanisAnen 29001 daransunanisznismtanddyfe 1Hasanen
T lunsineinmige lunedfiRunmdaslianunsnliniefnedsaliiugaanewi

= o v
euiuls

1
aal

Tudihaszaziinisnszans  (metastasis disease) NNAIANTNHIFEN imatinib
v o A o X 4 XL e
udafeutaualaniAan (progressive disease) widn1sAeelll 2 WUUAD ABAILA LTEN
81 6 LAY (primary resistance) MNWLN1TAALALBINITFNEAQEILN imatinib Lag LazNITAS
NRIANNNFNHFILLININNLGN 6 AR (secondary resistance) HNN1IMBLAWBINITINEARE
% ]
enludosusnsiannlsngnaiunnay - GeenaduianizueAume  (imited  progression

disease) M?’ﬂ@ﬂ@’mﬁfaj (generalized progression disease)  wuININ3INE9iallAe

q

v
o

v
dsziiuissnlsauazaninaesdihanauinauisnrifateunssriaunaTa i FaenIy
o 1 dl o/ A d” v A 1 1% 1 o Y o ¥ o 1 dl 3|
Auanasdadninisnenn ldvire fesalauuzsinliineulnaanislusendu
limited progression disease {Ha4aINNLINNIHIFA TWNGNAINAANNNIDTILLANN T I 1IN
EN [% ' 53 1% A . . . P
n1370ATIm e wiaziiunaties lumeit generalized progression disease Tunsuiia
nelunnsiansannsinEmaauumnig Tusanlsananisinmsag imatinio uazgnanula
v 1
UNANAAINITFNENFEENTUN AW AN NeRLARL sz RuE I8 lWea 2-3 1heK |, Bnalia
21men imatinib 11 800 Naanfusedu virawlaawllldefanaesAa sunitinib malate T

dWuenanzsesiuniaasoiuls KIT wasdaanizaafaiuninasyiuiniesaanann
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VEGF #iagi amnn1sAn® Phase Il Tugilaeiilsagnanumdsanniladuen  imatinib
wRaueusEninanislden sunitinib 50 NAANFNARYY LUALENUAAN WLINRINITDLAN
. -

ANNEEgIUTeNTTEzIATIlIAgNaINAIN 6.4 aWimne u 27.3 anfingd edneliladAtynig

atp lnednanispauauesandlsn 6.8% (partial response) dqunnazasuaxisalilitauin

be

U4 17.4% (stable disease) [49] andayasanataluunsian T w.a. 2549 Asin193Usa9N"s
TdensasinanuawEni lugilaeninisgnanumndsainilaen imatinib wa ldaiunsonuse
HATN9LAENTDY imatinib 61

Tunquindlulsanzidatiatiafaaiussuumiafuaiusiseasyt usliinisuansaan

204 KIT Wud1 33% unguidinisnanaiugaestiu PDGFRA @an19inensngen imatinib €9

q
v 1

wunsnauauesia [50] aviuludilnanasdediaziflulsaiius lidnisuansesnaay KIT A9

UUzN91AININNgRIIAUINIINANERUGEINAINa 1 dansaaNa e Tl luna3n e

N15UsELHUNANITTNEN

1%

[ % dl 2 . . oAl nl/ dz o [ %

NAINNFNHIF8IEN imatinib aznUINTN1IRaUANesan13ia llATu AN A LN
wHdN19ziiuaNn PET/CT scan AzWUINENNNaAA9U89ANALILLLIedR8Y  (functional
activity) agiamadanielunan 8 4 [51] Tudndnaidaninendrdnaniomes 4en1e930
dgj A a 91:// v . .. =2 =
i A anunndsziRulinsrunnresdauuas functional activity annisAnELBaLELNg
pavduaaredeningld PET/CT Waudyu endsdpanfameslnd wudn nnsld PET/CT

é’ dl A [ % o % al o v a

A1N1TDLANNTAAUAUDIVDUIAIANT 1 RaUNAIaINFNE e 95% Wauiy 44% ddsviiiug
FenNTNn Lendtdnanfameflng [52] atnalsAnin Wesannnislsziiiusag PET/CT &
Anldaneige uazldlaRsn s lunnaniun Al lifldlunsfinaunisinm

pevinldunmsfiinsetszanns  2-3  AAUNAINIIIARY  AIATNINIIATIALBNTLIET
panamasludasiesdn Ussiiulpagnauinuesiew A RECIST criteria  Anuane

= ] Ao v . L. = [ X 5% X = =

N19ANEINLIN e NTNEIAIEN  imatinib 1Al UuIATe9naulnuLARaWde AT
U dld 96/ 1 a A v 1 o o 9A:J/ =K a o Q‘I
AaunNunuInnIANADe NN LANEIAaNTTFNE AatiuaINNUSulagunng
Useifiuludiflu  Choi Response Criteria  #9azlseiliniarunngesiaunzifauazAy
MNwURTeaRauNzIRa (tumor density) 3981 WANAN9AIN RECIST Criteria Nailseifiuug
1unpreananetanel TnafiadinnsinEniNN1IneLaNeILNIdan (partial response) L@

ANENTRdunAuENa AR uAAIRENTiaE  10%  FANAUNNITAARITDIA NI

v 1 o = = o 4 aal = o 1% ' v \
PANNAUALWNURE 15% Lu‘ﬂ\‘]'ﬁ’mﬁ\lﬂq?HW%@H@%@QWQ@@QQﬁNWL‘V]ﬂ‘]_lﬂuLL@’JW‘LI'ﬂ ﬂ’]ﬁ‘ll?] Choi
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'
o o

Response Criteria HARENAUSALNTIE PET/CT Tunnsdssilvnnsmenaneseedsn 1nnnqn
n13ld RECIST Criteria  uazfallanuduiusiuszazinannlsngnainuazsceziiainiigen
aa Qddgj a dl v I ada a A 1 =
m  Ssuansnlsiiiulsangnawlaandntian szunns 5 e [53]  srazsannal
111 lunrdsziiunsmesauealuanifdarealsaiininau asunisdseiiiuanlsa
anadiiNay - dayandrdny Ae niswuieutesanluiBnuaedieuliesanANAAL N
singie imatinib w&omel aainwuludiaanilsngnanusnnndi 50%
n13Us2il1A2e38 Choi Response Criteria
P > . P - |
1. complete response Aa dAnamalilaassanlsaianuanieaie uazlidsaslsnl
= é’
AT
2. partial  response AR HN1TAAR9I89IUIATR9TRnlsARIANTRALANe LA
(measurable lesions) WanuAsNAuNINNdNFaeas 10 IneldAnunideraaiiasanly
wnuNENINgn  (longest diameter) 139 AN19AAAIIDIANUWILLLTE AU
(Hounsfield unit, HU) 1nnnanasay 15 Tnstlsziiuanniandissinaniomes waylull
o X Y ia X s . N
saelsalvsiinlu muieliinislniuaesseslsaiil llansadannsnaauaa s
3. stable disease Aa NNl ALINDMT IR partial response WAY progressive
disease
, _ 4 a2 ox de .
4. progressive disease A®  ANTANTNTE9IRIAT89708 lANTANTRELAUR LA

(measurable lesions) MauuATINAUNINNIFe8az 10 waz Wl ldduwneT partial
o 1 v . . A 1
response slummmmmumuummﬂ@u (Hounsfield unit, HU) yransaslsn vy

a d? A 14 dy a ¥ dy a dl g 1% . .
AT viTa N1snunauiliesen lUUTnaeenalasaniaNALALsNEAYe1 imatinib

uaaune



o

KIT lusafudtyoyinnisasoiiulaniases (Receptor Tyrosine Kinase, RTK) wulléilu

saauaslssinniaEanEna (Cajal cell) Anulumnuiuenmng, mast celluaziaaguniibnyes
\indan, germ cell WAz melanocyte NMINATERUGEIasEWANHNA IHIAAANKNEALNRNINNNE 7
miﬂ@’1ﬂﬁuﬁﬁuv‘iﬂﬁmiﬁ’mummﬂuﬁmmm%ﬁﬂﬁm@ﬁﬂ@'ﬂqmv‘iwﬁf]ﬁ@mm U INAN9E
Tmann macrocytic anemia, N1azLiluvisliy (Sterility), NITNNNULBITARARIAAA MINTEINALW
5ﬁﬂ’1iﬂmﬂﬁuﬁfﬁuﬁﬂﬁm@ﬁﬂmummﬂumﬂ%m:Lﬁ‘mLﬂuﬁm@ﬂmmLsmﬁqmmirﬁw’ G TRREILN
ileidlemuaiuszuumaifuenvidedati, Wesenaes mast cell waz germ cell MsAUNLENT
A9NqNEAUNINUTIEY KIT receptor Q"mLﬂumiﬁﬂmLL?ﬂ‘lus;JﬂfmmﬁqLﬁmﬁlmﬁ'mﬁmwu
yaiRuenmieaarluszaznszaefinudnenfinanaiilszaninmiianin Adafinisisetinen
neaedldlulsrduianedinfisanauiadnfisemistuinunang  Sean1sisudils

LAINBINGTILS
UszaRuaznun

KIT Aunuafausnlulln.A.1986 1aeg Besmer wavmne Tquenfiunenzideann Hardy-

Zuckerman 4 feline sarcoma virus L3@eNEUTUIN  v-KIT [54] g% c-KIT WUAINENINUGNITN

'
A o

Tunaanifluisn fibrosarcoma daflugiuntansnizasaiuinuing Besmer &115U KIT NiFen
Wunnann o-KIT lnenduisTeresduan wazllsiuAn stem cell factor viT@ mast cell growth

factor iludtynyraununnsysulEinauiama (KIT ligand) Taaiineunann fioroblast way mast cell

'
a 1 1

Tusyel BuAn agjuulasiulauuaueng 4 (4g12) AundIndipasiu 8u PDGFRA usl

a

A w3ulu mouse wudnEuAnatuu Tastulaugn 5 usiumibsaes white-spoting (W) locus,

a a

BUANHANIRUENITNLTENNNL 89 KB 7lauNA 21 exon, [55, 56] # KIT cDNA 3.5 kB 491 KIT

a

protein  Huum 145 kD Anludafudtyaunainiamsaiuiandovasian 3 aglunguinenaiu

PDGFRA/B , FLT3 waz GM-CSF senaudng fasy fUNUaNLIa (extracellular domain)iae

o o

anunglulma tyrosine kinase domain Fiasudtusunneuaniatlsznaufag 5 immunoglobin-like

[

| o 1 | dl 1 . [ o 1
loops WIUANLLMLNTRY exon 1-9 AMUNDENITALNNLLTY (transmembrane domain) LIURLLL

2849 exon 10, #9UlUIANABNIAINTALNNILTU (jJuxtamembrane domain) WHWANLMINT8S exon
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11, uaznngluma tyrosine kinase domain Tngutiiiuaasanu usumidsnes exon 13-21

1
v o =

FIUMLNT 2 989 immunoglobin-like loops tutFnuMAUALAT R NN FuLTInRa A 16
1 i v
ANEA  FuMeLeY  juxtamembrane domain utFnamwmnzanlunnsgudininauLes

N92UAUNIT  tyrosine phosphorylation [57] laavialidifiafidtyyroe Aa stem cell factor &1

o o a

nszFuLBRaaaziinn1sduguesafudtynyrunisasymulaniama (dimerization) UARES

3 o

Arynrowsialuneluaailuddudu uagavinavinliaainislasunlasgildng nsasny wuls

q

= o =
ﬂ’]ﬁ‘Lﬁ@‘ﬂiﬂ‘MQ muam@iﬂm?mmmm@ mmmﬂugﬂ‘w 3.1

Extracellular domain (Exons 1-9)

5 immunoglobulin-like loops
Membrane Transmenbrang dur:n'.li.ll {Exon 10)
Juxtamembrane domain (Exon 11
Tk
KIS
Tyrosine kinase domain (Exons 13-21

TK2

o

917 3.1 wansdoutlsenaunessinfudnynrmunisasoiule KIT

NSNANENUEURIEUANNYINUNINAY (KIT activating Mutation)

1
L4 o

Wafanisnatsiugaestuan  Mduuuuiininimnuaesduiniy - dauuiniiaann

'
o o a

nsnfFudtynyranisRsaRulanEamaninnudssedy el e dnynunnseau
(Autophosphorylation) zdf;umr]faxwmf]iﬂmﬂﬁuﬂl,uu point mutation, in-frame deletion,
internal tandem duplication ¥#an1snAeRUgINAWA EuLL  TagdnaznLNINaNeRIEn
R[N juxtamembrane domain exon 11, tyrosine kinase domain2 exon 17 AUTRENLNNT
ﬂ@ﬁﬂﬁi&ﬁfﬁ extracellular domain exon 2,8,9 wa¥ tyrosine kinase domain | exon 13,14 an
1 1 a a o & a a = a L dl o 1 Yo
WU"J’]I’MLLIEIZ\IZmumﬂxwﬂﬁiﬂ@ﬁﬂwuﬁﬂﬂdﬂuﬂmLW‘FNLL‘]_ILILﬁﬂ'ﬂ:ﬁﬁlL@W’]ﬂl&@jﬂ’)ﬂﬂﬁlﬂﬂ@ﬂimiu

N3N ANIANEIUNEURNLGIaNal AN snaaR s IasEuAN AN [58]
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NSUAAIABNTRIAN LA L‘ﬂﬂﬁi'\\‘]"]

AINNNIANHINLIININEINITONLNNTUAAIBBNTBIANAINNNITaN AL NyRlS Tuag

a '

1 v 1
wanetia 1 mast cell, germ cell, melanocyte, Cajal cell, Lﬁﬁ@zir@ﬂqumﬂdwfr']u’]um, Lsm‘@@q

3

Aredranide, asUsraningl@n1zaNeddan  (cerebellum)  WAKIABNANNLIBEFELLAY
lymphoid cell azgianliRfng KIT [59-61]
MSWAAIRDNUDIANLATLEAAIENA MINS L5 HALE AL N LN UTE LN AURN WIS USD

a_ ¢
AEN

'
A o

TAANEN Lﬂummmné’mLﬁmﬁmﬁwmnwmtgﬂ? ( spindle cell ) WL AL
1590 myenteric  plexus Fausvaanavnslilauianansdn  ailnuasausningaaily
Ramon Y Cajal ann1stian@sng silver n1917a KITludmsnaansnudnvilfiAanistiusi
Aenfvessnld  AviululsanziSaie fielf s aALe N IIeAaY daunnazAsa

%

wuddinisuameenaesAnlnelidufusumisesieunzse wudrdrdnenmmensingdy
wuU spindle cell ﬁﬂ%wumﬁﬁmﬁﬁqﬂulfmﬁ@ﬁmﬁﬁwﬁ@ A UANANIANNULIL epithelioid cell i
aziofluge bivarage  lusssadaivdildoutientszinn 57% Rlinunsusnsean
UVBIAN miﬂmﬂﬁuﬁmmﬁﬂuimmﬁaL"ﬁ@L’ﬁ"@LﬁlmﬁmzuumqLaummw?@?mﬁ @9uNIN 60-
70% Lﬂum@ﬂmﬂﬁuﬁmm’iuﬁmﬁﬁwmmﬂ%u (KIT activating mutation) Tagilaniznisnans
Wuﬁﬁﬁlm"%mm exon 11 @nwousinuAe in-frame deletion AWM codon 557-560, point
mutation WAz internal tandem duplication [62, 63] Tmﬂwudqm@ﬂmﬂﬁuﬁunu deletion {n"3
suilulsATiguusendILuL point mutation dwFumsnataiugh exon 9 sniuuuy insertion,

g

duplication [63, 64] N1sNANEWUET exon 13 uaz 17 finulaus lties Aumbimeanisnanaiug

3

Inutasuanslugii 3.2
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K16 £20
Mast Cell Neoplasms ; l
557 816, 822
Germ cell tumors l Il l
EC maIM TR KI TK-11

COOH

Human Kit n#, I ‘ ‘ ‘

40

502-503 550-5860 042 R} 522

7N 3.2 wamssumenInaneiugaestiuAn lunzifRan, germ cell tumor waz mast cell
neoplasm , EC= extracellular domain, TM= transmenbrane domain, JM=juxtamembrane
domain, TK=tyrosine kinase domain, AILA WAAY codon ﬁﬁm?ﬂmmﬁuﬁ:, mqmt’ﬁmmgﬂm

-

= S = o
AR AMMNDNATIANLITNNITNRILNUD

q

81 imatinib iflugnfieangmatudiniainnuesiaiudygunsRsyRninTesEamg
KIT receptor way PDGFRA/B Fuaiflunalnninimalsaiinulunzidauiladienaaiussuuniany
2MNIVTOAAT  AMNNIANHININNIEWLINIFRLABDIBIRNANGATHBIRNTUINIINA"E

o o

UEh exon 11 mavAuasunaiianaaiuin exon 9 warpavAuestasdfinnIsNans

Kl

[Ny

UEN exon 17 easainaznunisheswuulguni Af1udaianans [65] 4 miunishesnuuy
a a o [~ =) o dl Yas a %
naugRdnnuutiudainldiuen Waldainuananaln
a (=3 & o a [ a

NNSLANIRANTRIANLATNELTILUALEaINaN UL sELANaY

geunnudn KImiuuan dqunnnidusiaenuasd angiosarcoma Wae Ewing sarcoma
daulsABU-EU synovial sarcoma, rhabdomyosarcoma, leiomyosarcoma SiNAINENUWANFINY
14 [66-69] wazwLdn lARERALALEIARENTTNNS8I81 imatinib HasannldAaswunig

NANLINUG NZIFIAINANT
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NNTUAAIRANUDIAN LULTR melanocytellaz malignant melanoma
nsuansaanaasAniuiga melanocyte dnAtylunnasuAuln n1sieundaandndng
a a 6 O Y a aa dla a 9 1 = |dl
2a38uAn lunywedinlinedianlalna annissusandayanudn 8 3 seeuauna e iny
KIT Wuuanluuzifaionienin melanoma Uszinn  uveal type szunnd 64-88% latianiy
ALMINNNNNINILANLATWLNNTRARANNINNGNUNR [70-72] AN anaaadnisldenly melanoma
. = | [ = 1 v . L. o v L v \ '

cell line uNsANINLAT1HNAR winaslden imatinib lunnsinedilaenguunudidasya lduu
ifg

NSLAAIRBNTDIAN LY Germ cell WAz Germ cell tumor

ludninaaasnudrantanudrAnyluniawmuen nedhed niamsuinees germ cell

f
ol A o

waznziundvasnuludnininisinenusestiuandasas  lunysdwudlugmanisuansaan

v
o

ﬂmq’ﬁmﬁmqm‘?qﬁaﬂuummummmmm%mLﬂ?u spermatogonia Tu germ cell tumor

1
[ % o

NINNT1 90% WUNNTUAASBANTBIAN TUNZSITRA seminoma MiATaNedeaznALAzwanadaa
WA (gonadal WAy extragonadal germ cell tumor) usldinunnsudnseantesAnly non-
seminomatous germ cell tumor [73]
nisnanaugaesEuan wulddssanns 30% lugdilee  seminoma lmenilufia  point
mutation ALY exon 17 codon 816 uAY 823 FUMINNNINAERUE codon 816 luilade
Mungnsnauuinand1eres testicular germ cell tumor  [74] Tuunesneaunsa linunig
o o A a A o o o ° v a <o ol
NANYNUFINEUAN  B1AeIAINTUALUNITATAANTNUGNITNNINTIALANIYIN WiLTgN T 1103

pein TdAsamunisuanseanaasin  waznisnaneiuguestiuAn  luseddy non-
seminomatous germ cell tumor [75] yenanENsAaRYesAnly KIT fuuan ANdEnweT
wANEiNeAnn ilae seminoma {9M8NUNNIEIIANL KIT Huvanludnfidu non-seminomatous
germ cell tumor 16 9 978 1 15 918l [76]

MSUARIRANADIAN LULTATEULLARALATNEL5I1RITLULIRDA

Tunalnnsifauzifaras mast  cell @u  cutaneous mastocytosis, systemic
mastocytosis, mast cell leukemia fnnunsRTinanndn Avesiuan s point mutation 7
ALY tyrosine kinase Il domain exon 17 (D816V) Faflusnuislldetneuaundsian
Imatinib  [77] m';“u,@m@@mmﬁmﬁmmﬁﬂﬁtyiwmﬁél’uﬁﬂLﬁmml,ﬁmLﬁamﬁlﬁlmﬁmﬁum@

w3ty uTnreadaiaenusns suiuludndmasesd KIT fuau asinniqz macrocytic anemia
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o a

wanaNUEgInLN1sLdnseanaadAn lunzfudnlaen11a  (acute  myeloid  leukemia)
seuLsENNns 60-90%  [78] Tumedilunzifadaaenta Ussinan myelomonocytic wa
. a a a v dj o R dl [~ o 1 9
monocytic WUNNIAARTEIANERY  [79] @emgaanuniInanaiugiftadunumisndng)
NZIFaU89 mast cell, NUBUNAERINLIRUITULNNUAURIMNIVFRAAYT WA seminoma  H
= -dl a o 2 . o v < (=3 A
N13ANEI phase |l NUszilUNTIMELANBINTINEIRAALE imatinib lugiaenziiudnaanang
(acute myeloid leukemia) WL4NHNNIRALANEY 20% [80] lumeidunziferesantiiimvaed
AYUNINAIIANLNNTLA AR DNTBITUAN Tas Tnsenizusiiaaassantinwaesia B cell [81]
nmsudmnsaanaasAnlunziFeay o
< a [~
o yzis9lantUaLdaLan
andeya 9 e unLdIEnIuanseenaesin Tunsialenstingaidn Usznins 28-
88% n1smndvesAnldlsidutladendeauannannsallsa  [81-89]  wananniinisdnslben
imatinib N9l iAn1snudnaunsadudiniainauessaiudnain KiTuaznisaseyiin
AoraNzITa e [90] wriletnndduldludihaasslinanauausedias Sefjilieluanuidaiinga
WLNITLAANDANABNAN UTeNTUL 21% W13 [91]
< (2
®  USLFILANUN
TUTaRN199I AN UNUNANUINHNNTUAANDENTIBIAN  WAREWLNNTLAAdaNTas a1
c 4 . . . = o -
nzifafun  dannsivnglleeanisudneansanaiaidusauandainind dsunlaseeamartly
& ) = v a o o Aaa a
PN [61] dounnnilunziFusuNTRaNIn1sud A9 d Nz I la AR LaeN
(myoepithelium cell/ basal cell) mwwumimmmmmm‘uLﬂumﬂ (HER-2), TdnunIsLang 194
fiaFugasluy ER/PR, ANEOULNINENDINENRN1TULNGA81N (high grade tumor) kazdnaznIaa
WUNTUAAURAUTAR I TRDNTIAIN TINUNTwaAIraIANntEUsennns 30% [92, 93] Tusneftluy
s v = | e . . a o a P
HENATUNLAZHNNTLLNAININ  (high-grade ductal carcinoma) 2M1AWLNTAARARIAY 1t
82% TUL1991297% [94]
< 1 ?," a . .
®  JTLFIUDIABANUIRYEUA Adenoid cystic
AINNTANEINLINANTULAARANTRIAN  90-100% MiNzITaAaNUNaNe i  Adenoid

cystic  usldnunisnatsiugaestuan [95] Tnaldnunisuansaasinlunzifsaniiaieain

a1 neAnmseNneeiunsldan imatinib S lugieanguinudn s lin [96]
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NSLAAIRANUDIAN LULERTEUUUSEE N

WUNITUAAIAANUANANNINTLTARNDIAIUNA LAY WUNIRRANLANFA9TU TR
neuroblastoma LAy medulloblastoma

14 neuroblastoma N1ENNUNUNITUAANAANAAIAN UTZHIU 27% TUALANHOLL IR
alld 1 o a [~3 a dyv 3| o =X v k%
NRNTWLNFY hazN1TLdAsIadAN Nz T iataalusauannani1sneannnileacae [97] N1k

o 2 . . o [l = a o dl 3 d’l dl

en3nEfg imatinib feeglunisAnedseluay asannimeaedldenlumaians Mdulse
Tuansmauauasin [98]  laqiiulifdnisAnmiddainaaiunisldan imatinio Tun19inin
NLSNHANTUAAIDANTDIANLAZNUNIINANYWUTTRI T UANHINNE FIAIUNINNLAN

dsz@nsnmlunisinesdasensinanlinaliiimnela  Tndeuiunisldanlugibamiiunzds

v 1 1
LT AN N RUI L LN AU TUTaAa I s LN TZANs
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a a & & o o v a a a o
AUAN AT HELTILUALADLNEINUTESUUNINEAURTIUITURTRARN

a - oa a & & S o o a & a o
HUﬂWLLﬂgﬂﬂvLﬂﬂ']iLﬂ ﬂT?ﬂNZL?\? LUBALABLAYAINUISUUNNAURIUNITUTRARAN

[ a

KIT Wlusnfudyoruninasodulaiiasga (Receptor Tyrosine Kinase) wulé luiga

wanlszinyn nananeiugaasiuAnin liiAanN1svinunnInndUnfvestiu wazwuddunaln
a dl o o [ dal dl -dl o a A a r-ﬁl ZJ/ RS
nafialsnndnAnyresuziiauila o NenfussuUNIUANEMNIVEeAAY TewuRsus T A.A.1998

4

Tnel Hirota uazAnuy [99] aannissausandayanudnlugiaanguiiiinisuaniaanaesan 1asan

nsfianilAEA9LRaNYY 46 918 TURSUNA 49 9121(94%) LHAATIANIINAEIRIE FBNEUAN WU 5

916/ 6 9181 (83.3%) WANANHUANIAY NITNAERUGUREN PDGFRA Taiflutiuiesidnnlng

a

@ o

Aunazidudasudynuniamsniuls receptor tyrosine kinase willauriu type 111 fitfludn

-dl a < dlg/ dl ndl o a A a o oAy
ﬂ@1ﬂﬁuﬁ°ﬂﬂ<‘m’]ﬂﬂﬂIﬁ‘mJZLNLu@LEI’PJLﬂEI’]WM?Zﬁ‘LI‘LW]’]\‘iL@u’rﬂq‘w’]ﬁﬂﬁ"ﬂ@ﬁ‘w T@EIL@WWZSLuﬂQNVIEI‘ﬂN

lAansuwanseanaesdn luuniiazsusndayanisnateiugilszinmsineesieaesgunng
v & 1 | A v & le a é’ ' all Vo
nsnateiugutiaiu aseuuy Ae nenaneiuguuulgugRsuintuneunazlfifunig

Sne69e imatinib %wuﬂuﬁqmﬂﬂ@iﬂmﬂﬁmi‘m (Primary KIT and PDGFRA mutation) LLag

NNINANYRUSLLLY AUNRNWLNINAINI9TNEHGaeIRN imatinib (Secondary KIT and PDGFRA

q

==&

] v 1 v
mutation) GmmfvuLfluﬂ@1ﬂﬂqiﬁ@ﬂq°ﬂ@quxL@qamﬁ%qwudﬁﬂqa‘ﬂmﬂﬁuﬁ:ﬁmmLm‘um%ﬁm

FAIUILeEY 7 witiwunsnaneRuguLLl g At [28]

[

AL InuNIINANERUEINIAALTN N ALANA FUATY Y DT Wwanums (Extracellular

domain) BATAIL AN AN TR LN LT (juxtamembrane domain) LaL u’%wmﬁmuvju

nsineuaedeuladinlstulawalums (tyrosine kinase domain | and 1) lulsatinisnanaiug

Pe3euANINULeENgAAD TumaNsaNIaIN@aRINKNILLTY (exon11) uaz AUty nuenLa

o

(exon9) MINAIAL NINANLNUFUD juxtamembrane domain N1 lHAANINTEFHUANTUATY M

o o

8RR uavnszsunsdesiedyanaeaeulodnlsmulamwadn lualne lisdasendudyoyns
AMNAEUBNNINTZHY (autophosphorylation) @3UN1sNANLN UGS extracellular domain Ay

SLNAUNNINNN LRGN UENNTUEIN191AA dimerization B IWAAFLAU N DUARNTdase

Arynyroudn ) lutanaaninan Tudauaestiu PDGFRA Aumsnnunisnanswuginiiluiziomi
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povAxnaieuzedeulad nlsgulawalums (Tyrosine kinase domain 11: exon 18) N1snans

&
=

g WiansasuulasenFnunesngnsretenladinlsgulawaluga nsuwaauulas
:l/ dl 1 -agljo a a o 49{ a a a £ a a

VN AINA N WL sAuANINmNInauiaUng HiAn1snsesunIsasyiALls uazimated
NZTRAVIRTIRNEULITW AInnsAnE unas ANAALINLTINE LN eesaTY

[ % a

Aryeyraunnaiasyiiiute KIT inlivganisdvineesAnaawasiounzisuanaald (51, 100]

[

n1ananeiigraunainEfaeeNesEuAn £ {ufivsians exon 9,11,13,17 dauluiu
PDGFRA siiflufitisians exon 12,14,18 LLm'm'a“ﬂ@mﬁuﬁﬁwmwdwmﬁﬂmé’ifmm imatinib
yostuAn Snifufitsn exon 13,14,17 uaz exon 15,16 daulufiu PDGFRA Stz
exon 18 feuntiilinlinunisRanisnaneiugiauiuszwinstuAnuaziu PDGFRA Tunaln
n3iimlsa LLrﬁiﬁm\mm’wuwudﬁmqwumiﬂmﬂﬁuﬁfﬁmmﬂﬂﬁuﬁﬂwﬂulﬁmﬁ“u [101]

NSNANANUEIAUNTINHIAEENURIEUAN (Primary KIT mutations)

1. Deletions

AYUNINNUNNTIAA in-frame deletion TuAuMa89 exon 11 sinWUINENNTUeae9
faralelng 1szunns 3-30 Saedaleng v lfRansulaauulasesszsulisiiu sydiaedlisiu
FAsuulas SwuRAumis codon 550-561 Tneannzatinsdemnuis codon 557-558 Nl
u'mﬁ'ia;m [102]

2. Single Nucleotide Substitutions

wum?ﬂ@mﬁuﬁfﬁﬂwmxﬁﬁ@mmmnu;uu deletion #IUKNAWLARUMES exon 11
4 codons e Trp557, Val559, Val5e0 uaz Leus76 luanuniziinues NIINANENUF UL
missense mutation TNLLAg 191 Val559Asp, Val560Asp, Trp557Arg, Val559Ala, Val559Gly
LAz Leus76Pro felifinnsAnmndenaaesnisilasuutlasrestsfuanntn aaunsanwunisnane
Wuﬁﬁ?{ exon 13 WAz exon 17 AUtk exon 17 wunnsiAewlilsiiuann Asng22Lys nsnane
ﬁuﬁﬁﬁ%mmﬁwuiﬁuim germ cell tumor (seminoma) Waz NK T cell lymphoma [102, 103]

3. Duplication

LﬂumiﬂawﬁuﬁfﬁwuLﬂuﬁuﬁumﬂué’ﬂm%ﬁ WURF LML exon 9 uAZ exon 11
exon 9 §nEOLETINL A 1525_1530dupGCCTAT $inlfillAsuuslaslilsiiu Ala502_Tyr503dup Tis

A7ua89 exon 11 AWLAA NITANANUILNTAAZH Y F9UG 1-18 codon [102]
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4. Insertion
WULRaNIN a1anU 1o AL Exon11 Iagiianny codon 558 [102]

v i 1
NIINARUETY 3 uuuiwulu Bun uanslugy 4.1

jﬁ---u

KIT cedans 550 551 552 552 554 555 556 557 558 550 860 551 42 563 £84 585 566 567 560 560 570 571 572 572 £74 575 576 577 57@ 573 500 581 502 593 504 585 555 547 £33 500 £30 561

n=T 14 35 45 59 70 & 47141 BT 01 B3 AN 38 3T 36 20 32 26 42 46 45 40 W/ W X oW 12 8 23 1

KIT codons 550 551 552 553 554 555 558 557 550 5509 550 561 552 583 564 565 585 547 S6& 560 570 571 572 572 574 575 576 577 578 573 580 581 552 582 554 505 555 507 530 589 530 5

n= = aF =2 1

KIT codons 550 551 552 553 554 555 558 557 550 550 580 561 562 563 584 555 568 567 568 560 570 571 572 572 574 575 576 577 578 579 500 591 552 587 584 585 558 507 580 506 530 501
LE] 3 12 21 3 31 2 39 IF IT I K 24 22 18 17 15 12 8 B 5 4

917 4.1 uARIANHUEZNINANWUETAIEIUAT exon 11 IWULaY NIWUYINAAWARAINIS
naneRugILL deletion, n3Wuviela wanIN1sNANERUELLL substitution kaTNIIWWYIe

-8

AMuanINIINANNUSILL duplication, n = AMUILATINIATIANLNNINANINLEG
11RINANA1TE198 A16LN 108
5. Complex Mutation
anaLiluluy deletion-insertions %7 duplication-insertions dqunnAnNWLR exon 11
o 4 . 4 o
AaneUy Tedsnasan1silasuntlasaagllsauninun
HAonuuaneineiu lugiiAnisninisnanesiuguestiuan exon 11 A3u6 25 D9 92% WAL
Uszangsinasing wmadanldnmaniaed douninlunzifaiatianaowussuunI19auanung

WIRAAY 68% WLINHNNINAERLEIBIEUAT exon 11, 10% WLNITNAERUSUIBIEUAN exon 9
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wazdaulptlszinns 2% WUNIINAERUGURY exon 13 UAT 17 WAY 8-15% LT wild-type KIT
Aa f3aldnunnateRugian ?ﬁlqﬁﬂ%lﬂu‘ﬂmﬁﬁmwﬁwLﬁu‘ﬂmﬁgmm [104]

dougiiAnanizesn anaaiugIesEiu PDGFRA i WUl aus 5-14% Tuiudnuni
1841/921n3

NSNANENUENAUNITINHIAEeNR9EY PDGFRA (Primary PDGFRA mutations)

1. Single Nucleotide Substitutions

Lﬂuﬁﬂwm:ﬂﬂiﬂmﬂﬁuﬁmmﬂuﬁﬁwummﬁzgm TnaamzAIume exon 18 dauninasd
nsilaauntlas 2664A>T wlasulilsduann Asp842Val ann3AnE lunasANAaeInLLN N3

' = '

NANERUTAINAIINNAFIANIINNUANINAUIDIEW PDGFRA [105] vignanaulasuilu
ASp842Tyr LAz Asp842lle AMUMUNFRINNL AB exon 12 wWasuan 18217 A vinlilusFu
dl o 60 1 dg/Gd = A ] ] = dl é{

wWasulas Vals61Asp N3na1eiugAuMHANNNAN 9 HNAREN 1IN NIUTDIUNNINTY
Ity

2. Deletions

[ o dl 1 3| o o dl . . dl o |

duaneusnnudesidususunass Inaany in-frame deletion AWMLY exon 18 Lag

= a =l o E/ 1 o 49{ o &0 1 dyad =2 1A 1

12 dAnsmeaestondlang saust 3 daaull nsnansiugaumdaiiinisdnsdidnasianis
o al dl 49(
NINUTBIEUNNINTL

3. Duplication and Insertions

wulddaann LBnaia1uLs exon 12

4. Complex mutation

WUTALUL exon 18 32114919 codon 840_849 daunnnitluiuy deletion-insertion

msnmﬂﬁuﬁfﬁwmwd'mms%'nmrﬁ"aalsn Imatinib (Secondary KIT and PDGFRA

mutation)

ansouenudaunnnduuuy Single Nucleotide Substitutions ARNLM exon 13-17
dounnniilufundaninunsnataRugiaunIs NI A Nag LAY HUNAUWMUITY 1510

8

pauANNIsIuaedeu sl Inlstulawaluea (tyrosine kinase domain 1) Aflunsnanesig

9

WLILTLAYIFILALIN (Secondary KIT mutation) [102] Un9afalumnumile exon lAgqiua1awLNIg

o k%4
ﬂ@’\ﬁlWMﬂﬂﬁ@’]ﬂLLUU



28

a ° 1 [ aa & d y [
AUAN ALUUITDIN A UNZLSILAZANHUSYININEN BN UDINZLSIL AL EAL AW UTZ UL
MLAURIUITUSDARN

o o o o

anmsinelugag 10 3 wuddwnisiifianisnans ug Aauduiusiuennig
8INNSUARS ANEIUTNINENTINE Az WiTaeuNzSe fail

ﬂﬁ?ﬂ@ﬁﬂﬁuﬁ:ﬁl exon 11 WU duplication Anda3anLd1 NINNd1 80% Seanlsni
NIznzamg [106] andaganudn liiaNdniugssnd1uuL89n1Inaneiug exon 11
WATANEIUEN MNENFINEN Luﬁiwudfm'\@ﬂmﬂﬁuﬁéﬁmeﬁ@:ﬁﬁﬂwmmmﬁmmLﬂul,mu
spindle cell 11NN91 d91N1INANERUGHUL duplication s s exon 9 azmuilsafian1d
NINNINTUNITRINNT LﬁuLﬁmﬁumiﬂmﬂﬁuﬁfﬁ exon 13 WAz 17 aznuilsndnldunnnd
[107] u@ﬂ@wr}ﬁﬂﬂiﬂ@ﬂﬂﬁuﬁ:ﬁ exon 9,13,17 aznudnezesiifesenidluuuy spindle cel
1NN asinglafmuenanudnEn I o Ly epithelioid cell l@duiuuaznLdsin

'
o o a

fusiusiunisilaadan nguusanInngn  Tudauaesnisnanaiuguestiu PDGFRA wusaalsnls
ﬂ@ﬂﬁmzmﬁzmmﬂmz omentum ﬁﬂwmmm%wﬁmﬂmmu epithelioid cell LLag mixed cell
[108]
AMFUINA A1 UATANHTTIBINNINANERLE ainsausaNdeyanudn lidaudniuiiy
[101] LLﬁiﬁlu;ﬁﬂwﬁLﬂumﬁqLﬂ@LﬁlfaLﬁ'mﬁmzuumqL'ﬁummw"}@%ﬁ fwuanluin
(Pediatric GISTs) 138 Carney triad GISTs 1aa91enulugnianinnan saalsmsin Hufinszinng
a7 uazdnmzTesdwiladiuuuL epitheliod cel
FemAuaznnaneiuiassiuiiesnndeyadediearinlidagauduiug s us
n1snAEiLg Ala502_Tyr503dup fouz‘wuﬁ@ﬂslu%@ﬁﬁm‘zLwnmm'a‘ﬁluéﬂqum*?umn (6.6%)

WeuiuALede (32%) [101]

fiuAn nsIdadEuazmsnensailsanziFaiiaidiainganussULMBANINTUTDAAN
annsAnEnudayandeagllilfinaaiuauduiusaasnisnaiaiuguesan exon 11

neunihilAndinisnaaugriatinnulufaunziiauialug) Ansudadosnuasduiugig

o

dld 1 % o dgldl 1 [ & = a [~ a dl
TANUANTITUSTULLIN LL[?]@’]ﬂ‘lIﬂNﬂ@ﬁ@’ﬂuuulﬁﬂ'}’m’ﬁﬂ@Wﬂwuﬁq‘ﬂﬂﬂﬂuﬂﬂ dunalnnsifialsan

D

widnfauarlaunAdniaIN FaNIWLET ANHIEIBINIINATERUEIRNEWAN exon 1111

20
¢
e

A

6

QN

)

NITINITOIUT Hnasionisnengnilsn  Na1aAe NINaNUgIUL deletion Ansiusiulen
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ﬁguummnnd%mu single nucleotide substitution [62, 106] élumiﬂmﬂﬁuﬁl,mu deletion 483
exon11 luagiinan1&ian WldRAruguussrasisanInndinIsnaasiisguuL single nucleotide
substitution [109] @aun1snanaiuguuy duplicationludariiinszmnzanmaindnisaniiulsalyl
UL
¥
AMFUNIINAERUE89AN exon 9 Neuuitiianeaudn duiluiuy duplication sinas
ulsanguuss usannnisanssiesnnTugiaeaaiianizianldian 145 :a wud i
] o o a ' [ a‘d‘ 9 o R 4 @ !
wansinaiulunsatinlansendninisnanaiugi exon 11 uaz exon 9 NNERAEAL AN
g g o oy e dowya a4 o
anaflumsznisAneneuntiiinudnsnisananuinlugieniseslsananl&idnineuiv
NITNIZBIMNT
DaudiansnanaRugIaIANT exon 13 uaz exon 17 azwuiiey usaindayaniudn ng
[ = o a dl L a o‘d‘ dl
naaug KIT exon 13 Hnsanitiulsanguussludiaefarinnezmnzenis Tuanen nnsnane
o g a d‘ s ] o a d‘ 17 a rdl o Y & ' o o‘i’/
WugasAny exon17 lifinasanisaniiulen Wegdeyaluaainanl&idn wudaniananeiugis
aasAuile TdAmuansneiuludAmguLssaealsn [107]
nsnanauguestiu PDGFRA dnwulufeunzifsndnisutissntias dnnswansnilsnia

4NN [101]

fuANn waznIsSNEAEEILANE imatinib TuxziSadatEa A NUTZ ULV AUDIWNS
UIDARAN
o [y . LA Py ~ o o a a o Ao
n3inEsaeen imatinib Neengmalagnsain1snateRugIesduan Iuan1smeuauesin

v
WANANAIWANNAN NN TN A BN UEIBIVIAEUAN uazEil PDGFRA NsAnmdauunnudn lu

1
1 a

FiloanEn1TnaERUSAUUUS exon 11 ANNIRBLAUBINNITNHIFIENTAIANTY NAUULY exon 9

-

waznguldinIsnanewug (wild-type) [109] nnsinmisaesn imatinib Tugilaeninisnanaiug

q

|
= |

dl % ¥
7 exon 9 Aavlda1ULANGINIT

a
1

lunnsnanaiuguestiy PDGFRA NANLMLY Asp842Val wuansin limnauauedsianisinem

9

1 v 1 1
Fngien imatinib [50] TeANHUTIUTMAaUALNTNA 8RS Aspg16Val Tugilaediily

mastocytosis 7 lRaLdUaIRaN1TTNEIAR8EN imatinib

-8

o dl -aid =2 v < i’ dl dl o a A a
EI’]lFl’Wl@‘ﬂﬁ‘Vlﬁ\Iﬂ’]?ﬂm‘_‘f’ﬂuﬂjﬂ’lﬂmnﬂLuﬂL?_I‘ﬂLﬂEIQWHﬁ‘:ﬁ‘LI‘LIVI’NLﬂu’ﬂqﬁ’]ﬁ‘ﬂﬁ*ﬂ@mﬂ T8

v
o

ﬂiz@’]ﬂLLCZ\]Z1§Jﬁlﬂﬂ@%@\i[ﬁi@ﬂﬁﬁ‘;ﬂﬂ’m@/ﬂ e sunitinib malate %Qﬂ@iﬂﬂ’]ﬁ‘ﬁ’]\i’]%@ﬂﬂf}%% TGN
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o o

STy nvaNeaiie W KIT, PDGFRA, VEGFR, FLT3 Uag RET receptor An13#An:

NN luaeanaaadnaz Al WU lduani195nee Ioel i us N s aaIn 1IN ARG

= | A o oo \ Aae o o an A
WUN19REL AUaINNINTuNguNENIINAW LT exon 9 asinalltdNATYNI9aTa [110] el
[ & o v, R all o I ] al
naznsnaneiuguasanld imatinib AFuudenisneuseseulaiinlsiulamwaluea
. . . o v o -li/ o £ ‘dld % [~1 o e‘-ai
(tyrosine kinase domain 1) N1ainEFaeafanilin1smeuauenna widuunisnaieiugn
Awan1snnaureseulod inlstulamalusa (Tyrosine kinase domain 11) WL9RANNS
\ = < o = oA o o =
pauauassiann(ym [110] dedeanisnisAnusaiiasTunisinengdiloangail
dyal =8 a o o :j/ ] o dl [~
uziingAnEIdauInuig lunsdugeniineuaasdynindumanidunalnlunig
nlsaaat wanwilaann KIT waz PDGFR wiu Akt wag 11551 mTOR Taslden everolimus

a

Z// dl Y @ o Y o o A %’/ dd‘
[111] VI\?VISLTL‘]JLLEI’WVDLﬂEI’JLL@zsleﬂ?QNﬂUﬂqﬁ‘ﬁ‘ﬂHWqu?ﬂ’]u UANMUBIMNRUN B ITANNTRANTT

'
o o aa [~1

LAANARNAAIAY FFUAIUNURRIEEA MTIWANNNTANEIUTNARIAININITAA8REN9N19U9719 4

v o

N3¢fUElaN199119114a84 heat-shock protein 90 duiilultlsaundaalianlsauligninaiaain

6 3 [ I =3 o val 1 a 1 £
N9TLAUNITNNIANLURAUTAR N1T AN IRNNTEa8 LaYNTANLURIAN AR L
Aaunzisenalungs visanisldenduganisulasuainan DNALIW RNA (Transcription
inhibitor) 113 & flavopiridol i1 l#nNsuanIeantesAnanad M lideuNsSalauIAagsae [112]

o 1

Afat luiunmnaaanssasrzanisdnssa bl

kT



uUNN 5

1snssAilassaunssuNL N LRl

|
a

a a = aa [ & | a [~3 dgj dl dl [
pNERLNRresEuAndnIsnaaiugiunalnnisinialsnseuzifaiiaitia N ius vy
NLAURIMNTTRAaY  wasiludhunneudanaessn  imatinib  AfUSIN1IN19IU89NNTHA5
o a ‘dla a da/ % dl 1A o 2 dl 1
AryoyrnuAviiaa nasuansesnaashnlulsatiifluionuansininisnaneiugls Gaunnsinean
=S [~3 a dl 1 0 ] [ rdl 1 o = 1 [~ o ai 1%
nafn lunzifariingu]  uiR1ulresnisnafeugnswiuinisdnsawudniuilade il
doglunislszidiunisnauauasaedenld  nnsnsanisnataugniauEuinmanaldiludadonly
A dl N 1 =) EZ o 6 o 1 U o
n3@enen aunvesenmNnzanlugUsausazang Dudidanisnsaanisnaaugaalailiiuein
Iﬁﬁﬂunﬂ’]?wﬁﬂu%ﬂﬁ 51N National Comprehensive Cancer Network (NCCN) wiz1ingn
ADUNNAINITATIANITNAER LS I dnudidlunisnaeiufuestiuAn  exon 9 uuzin G
N195NEIAE imatinib 211 800 HAANTNFARIU WnuTUIALNG 400 Naansusadu

an L4

atmAnsainIsNaaNuiIasEuANLas B4 PDGFRA

Q

Andayalusnalszng AsanLNITNAIERUE WLEasALMUUANENSAY Auiulseans

6

FNRENNFNNTY  AuisedieuNzN sty mAlALAEAENNIAIIATLATIEIANNTNANERUE
N1TANHILINT 289 Heinrich WATAME WLNINATERUTIBELANLsziIM 80% T9WLNITNATY
WUEH exon 11 WU 68% , exon 9 WU 10% WAETIAWMLY exon 13 WAz exon 17 N1az 1% [104]

nsANENaW] MNeaiugliAnisniaes KIT mutation uandlum1eh 5.1



ATANEN KIT mutation Exon11 Exon 9 | Other/ Wild-type
mutation mutation

Heinrich 2002 80% 68% 10% 2%/15%

Rubin 2001 92% 71% 13.6% 9%

Rankin 2003 80% 67% 10% 3%

Penzel R 2005 69.6% 56,5% 11.6% NA

Debiec-Rychter 83.6% 65.8% 15.4% NA

Andersson 2006 65% 57% 3.4% 0.6%/ 35.6%

Tae Won Kim 2004 | 74% 70.1% 3.5% NA

Chun-NanYeh 2006 | 90.7% 74% 16.7% 9.3%

o

13199 5.1 LAAINNIANEANszmA NaafugliinIsniaaIn1snateRugIagEuAn

msnmﬂﬁ’uﬁ:mmﬁuﬁw LAZNITADUAUDIADNITSNHIAIYE imatinib

AMNN9ANENEEY EORTC 62005 uar SWOG luaiisn IuﬁjﬂQHﬁLﬂuung*QLﬂ@Lﬁ'@
AU ILNR LN IVEAEY szeznszanefiléFuen imatinib 110A 400 uaz 800 HaAn5H
e Wud1  HHANIMRLANeLVNAEeINIANE stanns 60-70%  usiesnglafanuly
EORTC Wwu91 imatinib 2116 800 Naaninsiadi ﬁ@zﬂm@q‘ﬁlim%hizgﬂmmmuﬂdﬁ ( HR=0.82
,p=0.026) mamﬁ”m:mLﬂuduﬁmmﬁmmmnﬁjﬂaﬂumiﬁnm EORTC Hn1snangiugues

a o [ I

N a = a o o & a =
ellAN exon 9 sﬁwszﬂ‘]_mumWl@m??ﬂ‘]ﬁmﬂﬂwum@j\‘l AR 800 HAANTUFARIU NINNI LA

v
'

NANTUNTAITLLINAINITIDATIA WL THRAMNLANAT UL ALNT9499  N1IAALAURIFR
o d’f o o % [~3 1 [ o‘dl al dld

N IUALAN Tz atauNz3N InEWLAINNINARUEN KIT exon 11 HNNIRALAUANTA

= = ~ P LA A o &

Ngn  HszoznanlsagnainuazszazinaInIsentaanandnguniinismnaieiug uar nn9

NANERUEN KIT exon 9 ludduaedan1snanawugneu PDGFRA AIWMUG exon 18 (D842V) fi

pouAuasliAset imatinib [40-42] WARIAI3LN 5.1




100 =y __ .
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1
EN-E I
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= FEwon 11
200 ——  Exon g
10 === Mo mutaticn
o T T 1 T T T T 1
] 100 200 300 400 Cion &0 700 00
Diays
Numbars at risk
Exon 11 &L . . . . ] . . . . 75 . . . . 2
Exon @ 23 . - . . 2 . . . . .. . “ - o
Mo mutation q . - . . [ 3 o

U7 5.1 uAAY FEETIAINIITRATIAMAIANNINEIALEET imatinib e NA1TIAINATUMLNIS
NAIEIAUS BDIEUAN
Tudiayan1sAnaeselsdnn SWOG S0033 WudN NMINANLRUGTedEUAN exon 11

73.1%, exon 9 8.4% WAz wild-type 15.2% MaIaINTNIA28E1 imatinib auA 400 visa 800

[ [

LAaaNTNFRIU WLN1IRALAUAN (objective response) mﬂqm@ﬂ@wﬁuﬁﬁ exon 11, exon 9 WAy

|

wild-type W 71.7% ,44.4% uaz 44.6% AINAAL TIADINANUAY HAINUWANAITLNGHNLIN

o o

aeelddAunNatan (p=0.007,p=0.0002 ANAIAL) ﬂ'ﬁLfaammﬁ‘:ﬂmmﬁiim::zgﬂmu

TRINANNNGN AD 24.7 hau LAY 16.7 1Al WAz 12.8 NEU UAZANRALUBITLEZIOAINIT
e oA = = o = = o o A A !

IRATIR AR 60 AR WELAL 38.4 1ABY UAT 49 AR ATNAIAL LHENAITUNTTNINNIINANE

Wug KIT exon 9 uar KIT wild-type wudnldiaauusnsinaiuludieduszazinainissendas

[113] Muanslugiln 5.2



A 1.0+ B 1.0+
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77 5.2 uanANANTUEIEIdNAWMLITeINIINANERUE uar sraalsAazanaIN uay

2281X19ANNNIIDAT IR

&

dmsnissendimvesdiheisanliliauiuawingesen imatinib Ae nguNIINAIERLS

9

KIT exon 11 {5za1z19a1n1998AT35 N1NN91 60 haudasanannugilaeliuiune wauiu 60
wau dldenaunn 800 Raansumady Waudy 400 Haanfusedy (p=0.99) dauszazina1nisa
dl Yo = A al % A U °I 1
azgnax Tusenlfiuenaungs Ae 23.9 e Wiy 27.2 new tHeauaaInda (p=NS)
Tungunsnaneiug KIT exon 9 nsinwdaeanauin 800 Haaninsiedy Hezaziian
N1378AT3M 38.4 WAaK WauAy 38.6 Wwau dnldanaunn 400 Raansused (p=0.91) doau

A R & & ~ o = v Yy o
?38:@@’]1/]1??1@3@171@’13\] Iu?’]ﬂWIW?UﬂqmuW@QQ AR18 LARU NEILNU 9.4 AR ﬂ’]vl,mﬂf]sﬂuqﬂm’]

I = %

N97 HANUANENAULE IR AT AR (p=0.97) |WuAu winudn ngldarauings 800

% 1 o

Haaniusiady Tunguiinig naneRugaey KIT exon 9 HnNsaaLANNsaNII NI NANGINNG LY

o A

2n9uUNA 400 TaAniusedu Ae  67% Waudu 17% wasidadiAnyniead

a

A (p=0.02)

NIANHIHUWANGNAINNI9ANEY EORTC 62005 Wuand nisldenauingslungundnisnans

v = dl = 1 1 dl Yar 3 ' 1 A o
NUTUDN KIT exon 9 N7L8IEIAN WI?ﬁ@ZQﬂ@WN@ﬂQ’] ﬂ@‘N‘VIVLﬁﬁ“LIEW?Iu’]ﬂu‘ﬂﬂﬂ'ﬂ’]‘ﬂﬂ’]ﬂﬂuﬂ@’]V’m_l

NNATR

= = 4 = . v Aa
WBTINNITANE phase I NABINITANSE LTI meta-analysis WU31 F;JTJQEV]Nﬂ'Wﬂ@'\ﬂ

WUEURY KIT exon 9 LHainwdeenaungs Hevaznanilinazlignaiu unnndnldenauinmn




A o

AB19 ARl WEUil 6 Weau (p=0.017) NUEAIATYNNATH UHITEI0AIN1990ATIRUBIIIAD
naulaisinariu

o o o dl dl 9 v < .i/ dl dl [ a A

AmuensanassnlilunsinenfiliensifaiiatiofaoiussuunmAue Ve
AsviszaznszaneNhesiasn imatinib Aa €1 sunitinib NEALNNIABLALDITBILUATAN UL

o & o o o ' o o Ry e

nsnanesiug Aenaeudeyadeundswugn niglden sunitinib Annspauauesnalunguningg
NAERUGURY KIT exon 9 NNN9T KIT exon 11 [49] whidsliideyandmaulunazasnisnane
o & | X > = o
WuguaznIneUauetsiasl AssiassanisAne phase Il NAasa

andeyasinans wudnAunaaesnisnaneiug  iulladenldlunisuennisnennsal
Taarislund szeiz19aINN990RTRRLAYITE0ATIlIAAZANATN WENAINTENAINNIRTdaeUIANTNNNg
poUANBIAaN1IINHIMEY imatinib luifamsananIsnataiugls Alsianisaga ng
naneug uFlaenzi3aiie faafiu s IUNAUMNITaRAYIsYEZNTEA8NNIE HIaNi
nasianIsaengn uazaweenild lunsaifndnnsnaaiugaastiuAn exon 9 LUz 91A9EN

FNA8eNULIA 800 NAANTNADTUAILGALIN
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VRAWRLAENNS

1. dszaInsuaznaNAIaENg (population and sample)
dszanadlmung wnels filaeuzidaiiafiafaoiussuunIuAuaIuNIiTaRaY

-8

dszansdiantng unens filasnzifaliaitio Neniuss LU AN TTeAAN 7
dnFunnsinenlu laenenunaqiiaansal anannalng Geus  IRUNNIIAN W.A.

2545 D9 AANAN W.A. 25571

(- >3 = k24 =9 . 0 0
mmwﬂumsmmaanmeﬁﬁn‘m (Inclusion criteria)

1. ufiansfaagianeaiussuuniaaueninszeaas

2. #Fun1Imaitasetiudulnenisn AT 1ila N INeNEINgT LazNITE NN LALANLAT
VH\‘]"ES\IN”H (Immunohistochemistry)

3. faNTUEHeN NN EAINEN AN TOUNNNATIALANLENIN e U molecular genetic 16
= all Yo = a 1 . . % .

4. FreslsanannsnlddnrrellsziRunisnauguadsas imatinib b6 (measurable lesion or
evaluable disease)

5. 1#5UN19RIRRAMINLTLIRUNNTAALIAUANFARNIIINIALIEN imatinib

NN IUNISARLARNAANAINNISANET (Exclusion criteria)

2 X da oy a ° . >
1. mumawuaqiummmml%mmmm@md molecular genetic I8

A 1 A Y v a ] %
2. 1NNM?@1N@’1N’1?Q@‘U ﬂuﬂ‘ﬂ@;ljZ\]ﬂ’]ﬁ‘ﬂﬁ‘uﬂ\luﬂ’]ﬁ‘ﬁ]‘ﬂu@u@ﬂEl‘ﬂﬂ’ﬁ?ﬂ‘i:ﬂ

2. NMSATRIUAUIARAIDENG (sample size)
dl | = a L nzll | < dg’ dll all [ a

iasanidunisAnwdanssasn ludilnenidunzifaeaiatianaaiuszuuniausy

A a o dl o 1= =] [ = 1 =K
819N9Y7eR4Y nanilasandsliinsAnEnisnaneiuiuestiu KIT lulssmalnaninen ag
andadayanisAnmnlusedssmatonudn giifnnsniaas GIST lusinatlszwne Uszanns 50-150
318/ Usza1ns 1,000,000 Ausiell AN9RANNINAERLE 299 119 KIT uaz PDGFRA Uszuns 85-
90 % AgldAAInanaun P = 0.9, 1-P = Q = 0.1 uaznuunliAumetui 95% ANRAIINAAIA

waaunaaNsUlslsrann +/- 10% (d)
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AUV TIUIAFIIBEINNAINGAT
N =[z, PQ]/d’
~ 34.57

THaumsnatinatszanns 35 Au neEIduAndaziiudeya Tnaaneurusungiae GIST

1rH10 40 AL

3. N19AILNALAENI59m (Observation and Measurement)
1. Aaudsnsian
1) N1INANEWURIRE KIT (KIT mutation)
fususanauienanengingnzedlianzisaifedeRuiuszuumaiuems
wseaay Insandudayanisiiadaanilszds asaainanie Agmadtadeneiad@imeuay
mafé’@uﬁmwﬁqﬁ%mq@wu (immunohistochemistry) @dﬁﬁmﬂmm@@ﬂmmﬁﬁumﬁ
watyAnls KIT (KIT expression) I aC ey (o ORIV - SRV AT Y oo
m"ﬁLmuwmﬁﬂuﬁm@ﬂ‘ﬂmwmﬁLLWWW]IL%ﬂqmmmwizuumwLﬁummwﬁqmﬂ AR
nadauenfewilesaneananideidenns m'@mﬂﬁuv‘hmMﬁmmiﬁugmimméwﬁﬂ
Fat33 paraffin-embedded extraction DNA ifiel§ansiugnssuiifiesnsiinaninsz

8

m?ﬂmﬂﬁuﬁq (mutation analysis) ﬁm&’]ﬁ’ummﬁwumﬁ‘ﬂa’mﬁuﬁ: L KIT exon 11, 9
TneiaAeds polymerase chain reaction wAAIIad169235 DNA sequencing Liieg)
AnsuznITNateANLINTIL deletion, substitution , duplication 178 complex mutation
AmFunsnananewug KIT exon 9 lin19maasagds DNA sequencing
2) NNIMBLAUBIABNITINENUBINL SN LEDN NI L LNNUANENT
A a s
YTRAAN
[ a A =l % 'S
naLili ﬂq?NM?@1NNﬂWTF}ﬂU@uﬂQ Tmﬂmﬁﬂmmemmq The Response
Evaluation Criteria in Solid Tumors Group (RECIST) $4u1NN1sAaLduadmanisinen
w4 wou Téun

A o~ > . =
- Complete response AR Nﬂq?‘ﬁ’]ﬂblﬂm@\ﬁ@ﬂi?ﬂmﬂuﬂﬂwLﬂﬂll@ﬂ

u
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- Partial response A8 HN17aA841891UAT89788 [sANTANTRaLAKe LA
(measurable lesions) FanuANiUNINNINFasas 30 Iaaldarnundteradiiasanluwn
4 d .

VeInge (longest diameter)

- Stable disease A NFEUR AL LTIRY partial response LAY progressive
disease

- Progressive disease A fnaiinturesunatesses lsaRdnnnIneLauesld

. o/ o Y A I a d?

(measurable lesions) MuNATINAUNINNGFaEas 20 viraNseslsaludinaTy

nstszidunisnavauesazldnanislszifiulpaunndiinunainnmssidouway
o o aa o £ % o ala = d! 1 d} ] v aa
Unan1InIan1eantade st Wunneisattassanuisinuaslinsudayaniaaiin
a1 7] Usziiugndnads Ine) slanisinundaaen imatinio dlennlszifiunamsfnmnagiie
I TANTAAUAUD (Objective responseLﬂu complete response 99 partial response

U . ,
3) izﬂmmﬂmmiqﬂmmmhﬂ (time to progression)

rauRWINIuAWAGNEN imatinib AauDaLRRANg I HNsgna N eslsn
a X . . A ey o aa A o Ao
\NAU (Disease progression) Visagihel@adan visadungn ﬂmuumlmﬂmmuzgmma
[~ v ldl o a cY
udagyaiatinuidinsgideys
4) 928ZIAIN1398ATIR (overall survival)

[ o o %’/ IQI Vo aa o ! [~ < dqj -dl dl 4
N@Lﬂu’ﬂ’]u’lu’)uﬁ]\‘iLL[F]L?Ni@?ﬂﬂ’]ﬁ‘qu@ﬂﬂ’l’]Lﬂuiﬁ‘ﬂﬁJ“’LN taLeanNaInUTeLU

|
I al

WWQL@%@WM’]?M?‘@QZQ M?@L?Nﬁ‘mﬂ"]ﬁmﬁlﬁﬂ imatinib ’QUDQ'?‘LW]NI]'JEIL@ﬂﬁ’)ﬁliﬂ’)’]@’]ﬂ@%ﬁﬁl

a

1
o A

Tafpuvzadungd ﬂﬁmumLﬂmumummimummLWfammqLm%m@m
5) flasuifinasanisneinsailsa
andedeyaaninmsnieu edundeyaniepdiindearainasenannsallsn
a) AUULNTR9RauNzI W nIzwnzenmng, anldian, anldlugy
b) UIATBRINAUNZITS LU TeNI1 5 cm. 5-10 cm. {H1nN91 10 cm.
c) Mitotic index 4 ¥aanan 5/50 high power field, NANN3WNAL 5/50
high power field
d) AUNUTIBINIINAIERUGIBIADUNEIE 1T KIT exon 11 mutation

‘vﬁ?@ Non-KIT exon 11 mutation
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4. AUABULAZIBNITATIANITNANENWUE (Molecular genetic analysis)

4.1 NMIANAANIRUENITNANT WIS AneE Paraffin-embedded extraction DNA

4.2 mimmmmmmﬂﬁuimm KIT gene exon 11 fineing Polymerase chain reaction

4.3 marmwmmmmaﬁuﬁ:mm KIT gene exon 11 baz 9 FeAs DNA sequencing

NSANARITRUENTINAINTULND AL Paraffin-embedded extraction DNA siagl Phenol

Chloroform

1.

vhtuiefisusmnldneunaduiadusumiesdeuiiaseniaemensunmsd
ﬁmmmmwwumaLﬁummmﬁqmﬂ udainnsdauanieiiasenaanain
Heidaind thienns ey n U maRAMARANARSY 1.5 co

LA lysis buffer Il (950:50) N&NfL 10% sodium dodecy! sulphate 200-400 pL Lﬁlﬂ
dasaaLasLNNLLITY siannld 20 mg/ml Proteinase K 5-10 pL incubate #
AIUNNH 50 B9ALTALTA fal¥namu (@ dedenaivanlfiin Proteinase K aslilan)
\#X Phenol Chloroform (Phenol: Chloroform: Isoamyl alcohol = 25:24:1)‘].@341&1?@@‘1
WinasTuiile (Uszanne 500 pL) v lalflunndag Vortex

shlutulanaznen 7 14,000 seusiewfifunan 5 Wil antugaansdnesnaiicll
Wanige udniluiuanafed 14,000 seuseunidlunan 5w
paansteuudaduansiugnesu Mdasluaeanaaes 1.5 cc. lutFunmn 300 pL.
LAIN100% ethyl alcohol 600 L NaNAL 10% sodium acetate 150 pL 1
ieiflunismnmznau DNA

Sl Annznes 7 14,000 saUseUNTTIM9aY 15 107 feantumdauaes
PDAUNAIEULUT (supernatant)

LRI 70% ethyl alcohol 500 pL o lifTugaeneieq Centrifuge 71 14,000 sau8

Y Tifluan 15 U AeannTiunaILTeTe AR LT WazAABEN NNA LAY

astlaaealAlFuds (Air dry)
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9. aranadiuresasiugnesulu distilled water (dH20) 3aa1ald Tris EDTA buffer
20-50 pL incubate NN 37asAmaiias AazlfiansiugNITNITULHaN NS

InenAnFanlunisnsaa polymerase chain reaction siall

NIFLNNUTNIUAISAUENSTH KIT gene A9EAE polymerase chain reaction
UANN139" Polymerase chain reaction iaNLBuN g UANAINFaInTsAnEN Tuumazsaw

1. Denaturation A8 dunauiuen DNA 1ug Iieaniiluduiman lnanisldauiau

13 1 I

AnUNRN 1 Tagisv1dng 94-95 agATALT A

q U kTl

2. Annealing A2 TURBUN primer AUALANFLILLIARWIZUY DNA walduwuy Iae forward

k4 1 !

primer AL DNAAWAZLAUTL reverse primer Uy et sz114919 50-65 @46

U

o {

dadied  AUAUA1 Tm (melting temperature) 484 primer

v '
o al

3. Extension A8 11maui DNA polymerase 1n1ssaiianale indudazsia (dNTP) Wiy
Twsmeslaeinduaunsiuuy n19a519 DNAYFaNIssia primer azanilivaugalateaed
[ dl v Qd‘ P =
@W?WHQH??N‘WL?’]W@QWW @m%ﬂuwﬂiﬁlﬂ@ 72 NANTALTEIR
dl Z// :l/ % QI é’ 1 o ¥ XK % |§I/ a 1
Wamsuiaandunauazld DNA MNTUIaNeyinen LL@Q%L%Q%W]@M@M@UMN
doutsenavueaniamn Polymerase chain reaction amplification
o Qw dgl aa dl % o Y v L%
o fa”|a‘wuﬁ;ﬂﬁ‘?umﬂ\iﬁnumwwwmmwmwLiﬂmmﬂm?mmmm\mu
® (ligonucleotide : forward primer + reverse primer
® Taqg DNA polymerase
® Deoxynucleotide triphosphate (ANTPs)

® Mg++ (Cofactor of DNA polymerase) was buffer ANzan
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Primer Sequence Product Annealing
size(bp) temperature
(oC)
Primer exon 11(a)
-Left primer GAGACAATAATTATTAAAAGGTG 100 47.4
-Right primer GTTTCCATTTATCTCCTCAAC
Primer exon 11(b)
-Left primer TTATTTGTTCTCTCTCCAGAGTGC 242 52.3
-Right primer GGTGACATGGAAAGCCCCTG
Primer exon 9
-Left primer CAAGCACAATGGCACGGTTG 108 48.4
-Right primer CAAGCACAATGGCACGGTTG

;13797 6.1 WAAY Primer sequences 7114 lun1smsan1snaaiugfuedeuan uazA1ues PCR

Annealing conditions

41MB1N1991 PCR for KIT exon 11 (a) wa KIT exon 11 (b): PCR condition

1. FrENERTEUa13N [ U991 PCR AuemIndauaid 1Xbuffer, ANTP 0.2mMOL, Taq

Hotstart 0.5 U, forward Wag reverse primer 8888 0.2 uM

2. 4umMBWNITNI PCR

o gl 95 avAmaisa Wwwan 5w anszduli Taq Hotstart 111971

(activated Tag enzyme)

® FuAHUNI9MN Denaturation 1aNANTWUGNITHN NRTUUNH 95 BeALIATe e

10 3U9 uazseAIENI9 Annealing  AARAIMANAY 58 A a4 Huaan 20

a = ¥ XK QI Qz dl = [ a = dl o ]
AU LL@Q@QLWNQMMQNmuiﬂW 72 avAEard et 30 U LIeNIN196e

o

faadlelndusazfa (ANTP) Wiy primer Tnaid DNARNLLIL (extension) AN4HLNNg

N9 3 TURAUTRINA 50 91

v
® uAvRINUUsadIEgUUN 72 saAaEag Wunan 7 wii

UAIAINT IAANIRUGNI TN LTI WANNTLIFa9N19UAn (PCR product) HNsnuen
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Tnei38n"9 Gel Electropheresis fiagl 8-12% Polyacrylamide gel iWaAagauINN13eneLFun

DNA 5t

NN9AFIAMINITNANLWUE UBI KIT gene exon 11 Uaz 9 A9eRE DNA Sequencing

a

1893N 14 PCR product 7tgndiasnisiinuninlifiizgna (Purification) wdaidngnszuau

q

&

N3 DNA sequencing sialil&ae1LAia 3130 Genetic Analyzer sl,ummiﬁmwisiwumiﬂmmﬁuq
209E1AN exon 11 wasaINTivia DNA sequencing %qﬁf]ﬁfsﬂﬂ'wﬁuﬁﬂzjmzmumi PCR for KIT
exon 9 fan13vnAnNIasae high resolution melts WazN19%1 DNA sequencing 415U KIT
exon 9 sialil Lﬁmmﬂiﬂsﬂ@m?ﬁﬂwwmm"mﬂa?:mﬁwudwmmmaﬁuﬁmmﬂuﬁm il
AIUALAENIAEIANTE WATWLINIINANERUTUBS exon 11 N’]ﬂﬂ'ﬁ’mo’]LLWLNéuj

[
[

PYUMAUNITIN DNA Sequencing

be

v
v o

1. Lm‘?‘ﬂmwﬁuﬁqmmﬁaﬁmiﬁﬁ@L%’fwzjmtzmumi PCR L3annuansidiedu Tuiufunn
PCR ﬁLiﬂ[ﬁ’T@qmi (template preparation)
2. Liii‘ﬂuhsluﬂ’]ﬁ‘m?‘ﬂuﬂﬂiﬁu@ﬂ??Nﬁ‘ﬂuﬁ’]@:ﬂituquﬂ%‘ DNA Sequencing
2.1 WFRENENIHANARUEUNTZLIUNNS PCR A28i§R3ndas Terminator Ready Reaction Mix
2 mcl, Sequencing Buffer (5X) 3 mcl, Primer total 3.2 pmol, Template, Water 20 mcl 794
1311m7 20 mcl
2.2 dumeun1svin PCR
Tna3uanldansfisauanduneusl 2 lueses thermal cycler uazsaily

UFum9 20 mel flannvinnisuananshidwe  Uiugnmni 96 esrmaidad Wuoan 1 i

a

~ v o s Y R ¥y g > . ~
LW@ﬂﬁ‘Z[ﬂuﬂ”I?W’W\‘l’\uﬂ‘ﬂ\‘IL‘ﬂu‘lsﬁll Taqg LL@Q@QL%WQH”I?‘HMW@M denaturation NAUNHIN 96

a
=

avAIalEsa Wwnan 10 Wi anusaalasuilugungil 50 avenadaa Wunan 5 wid

o

¥ K QI a o = | P o dl a !
uadANgauunN i 60 avAmamaaluie 4 Wi NnslasullaggaunRAananD

a

v 1 e
flusaus) Hevnm 25 sau udsasangauuniiiu 4 esrmaidaa auldaisiugnIsunlsgns

uazinansi lélalu microcentrifuge
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v
o

3. dumaUNI1INN Precipitation Method annan Unicorporated Dye Terminators lae/ld
Ethanol/Sodium Acetate Precipitation TATn19M éﬁ‘ﬁ
3.1 wax 2 mcl 3M sodium acetate + 56 mcl 95% ethanol : In tube 1.5 ml IngiLAs
sodium acetate 3M 11 10 Wizes unnansansiugnesu PCR 7l uazseniin
95% ethanol 2.5 1N1891TNNMR9A1 19 UENTIN PCR s
3.2 \Finans¥ugnasa POR 20 mel uda TTudasisiasanuisasi
3.3 %wmmwmmﬁ%mmﬁ 20 asrnaaiaa iWuaan 2 9alue Wedunisanaznan
A13NUENTIN
3.4 fludariees Centrifuge AuSaguiluian 25 il
3.5 AAANILINILUBBN WALFN 70% ethanol UFuNnd 250 mel lunaannaAfaaIuay mix
3.6 fTudatiees Centrifuge AuSaguiliunan 8 uni anA% waRAA1ITLUReN
3.7 Mmsduneud 3.5-3.6 Bnasuda Awnliurilnaiieey 00 esAgadas 2und
4. mawmranuazldanssaagneasli Capillary Electrophoresis

4.1 4@3 15 mcl 484 HiDi-formamide a4/l mﬁuﬁqmmﬁlmnmﬂ@u (pellets)
4.2 nasilidniuuaziumn
4.3 fhaansiidlude 4.2 17 10 mel udusete waztlndanuduile
4.4 Wi lieuiigningfl 95 asrnuaidas 5 Wil wdidsinliduasudidainllnma

é’qmvﬁ'm Automate Sequencer (3130 Genetic Analyzer)
uﬁamﬂﬁuﬁmémmmmmmawaﬁu@ﬁauﬁumiﬁuqﬂﬁuf;lé\iﬁl’u Aeliauney

Sequencher 4.7 AMUUUNNITNAIEWUTIBIAN exon 11 finasaula Ae LSiaas codon 550-560,

LAZANUMUNNIINAUNUSIB9AN exon 9 AA codon 503-503

5. N1599UsINTaya (Data Collection)
udayaainuasziion Nan19nan 1 Inensanegn n1edaNlAEas IHC LazHanIs

Apsziinisnaneiug  taeldunuiiunndaya (record form) anusauisuazdeyansiasns g

o o K

anfufriunnudatihliiunnlusenioweslagldlilsunsu Statistical Package for Social

EE;

Sciences a5t 16.0
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6. N153LATIZNLaYA (Data Analysis)

Primary endpoint A8 AYNINTAINITIAANTINAERUTTEEYW KIT Tunziiaiialtia
dl [ a A a c N 1 = dl A 1
NeiuszuLnIuABeImseasyt udiae neunnsisainnisAnmnauise

Secondary endpoint A8 WIHLWELUN1IAALAURNFAREN imatinib Fzaza iinIg

6

zgﬂmmm‘ﬂm (time to progression) WAZILEIIAINNTIDAT IR (overall survival) Tun1snanenug

q

IS o 1 dl ' [ v < dgj dl dl [ a A a o
2ANEY KIT ALAUNINLANFINGNY IuﬂjﬂQElﬁJxLNLu'ﬂLﬂ'ﬂLﬂﬁl’]WNEZUUW’NLﬂu@'ﬁﬁ’]iﬁﬁ‘@@@‘ﬂ T8
dl Yo o’ ¥ . I
ﬂﬁ‘t“’\’m‘lfliﬂ?‘]_lﬂ’]ﬁ‘ﬁ‘ﬂ‘]ﬂ’}@QEIEI”IL@W’]% imatinib

9 dl o = [~ 9 a A a o '8 = 1
m@mwmmmmﬂ%ﬂm@mLm@mmw AR NITNANTTNATENRTTBIEY KIT luusiay

k1l a

punis  agideyaiduferar  Avuduiusszudenisnanaiugiunislvise lan1sneUaues

fan175nen azld Chi-square test (andulunsiinaiuiusdaesnetiasanasesld Fisher's exact
¥ dl 3| dl a ' . ¥ 1 dl =

test un) dayanifluscazinanaziiawmnnignl (time to event) i svazinatnazinisgnany

99919A (time to progression) LALILELIAINTIAATIR (overall survival) a2 1495 Kaplan-Meier

TUN199AIEINE A A IHKANFNNTEUI NN TNAN BN UE AT UMUINFAN wazld multiple  cox

3

regression model Tun1saiAszinavesiiadesing o deszazinaiNaziinisgnatnvesisauas

o aa

92821981N19980T9R  N13AIZF DA ANNTTRANATYNNATAN 0.05  dIUANLANGINNTAY

1
= o &0

fladamenaiingy < sendredthelu 2 nquifinisnaneiugAwmanseiuazFaume e 14
o [ 7 ) !

AEnnanamuansuzdayaiu tnald Chi-square test A mFudayalTinninin wiuw Lwa,

u q

ANMLUIAAUNZIT TUIARAUNZIT ANHUENINNENEINUINLAAIARNUDY mitotic rate LTIUF

wazld Student T's test AMniUdayaTaLFuNns 1 9l
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NANIFANEN

v < dsj dl dl [ a A a o Vo aa o A o
Qﬂqmuxmm@m@mmwm:uumaLmummimmmw LL@ﬁiﬂﬁ‘Uﬂ’]ﬁ‘ﬁ]i"l@’)u@ﬂﬂﬁluﬂuiﬁﬂ

NN3AIRTULANNNENEINEN UaznN1sdianlAEdan19auyu AdnFuniainenlu Tesnanung
v

sl annTalng AU AIUNNIIAN W.A. 2545 TN HANAN WA, 2551 HATWIUTIAY
dl a o A ¥ =S dgl o 9/?:1/ ] dl
79 918 iWeansuannsilunsAnaendinsAnsinudlauliviaunn 36 91e deunani

' Iy = Ao A s X aa A A |
1&1(&’13\1%‘0Lmﬁmﬂluﬂﬁﬁﬂﬂ‘iﬂ’]ﬂmummﬂ 1&1N'ﬁuLuﬂVI’N‘Wﬂ’]ﬁ')ﬂ/]ﬂ’]ﬁ?ﬂmﬂ?u’]mhlL‘WF;N‘W@TL&M?

-8

a o o S ai Yo A a 1 1
ATINILATISUNITNRNENUD VLNN?@HI?@]W@’]NW?GELWJ AYTaLILINUNNTADLAUAY ﬁl’ﬂﬂ’\LL@Zﬁiﬁ\I

3

ANMNI0RIARARNL sz IRUNIRaLAUeIAaN1s N e Aeuanslugili 7.1

v
6 o

fhanziFaiaitioNaRuszILNIANaIMNITaRAY YI9AY 79 918

¥ o A 1 =2 é’
ﬂﬂﬂu@ﬁl?\‘iﬁ]"mLﬂmsﬂﬂuﬂ’??ﬂﬂL@‘ﬂﬂL“lI’mW?ﬂﬂ‘i‘_‘mu 36 ¢

1 [ o dld
Tlanunsnainasiugnasuniiunnuas
AUNINIAN TUNNTTATIZINaRUgNITH

12 918l

s X A o o g ol
‘?]“LAL“LA’BVIZQ’]NW‘J“Q@T’]QNWEWU§ﬂ??NVINﬂQi§JqMLL@$@mﬂW‘WVImW'ﬂ

lun139@szd 24 918

— T~

KIT Exon 11 mutation KIT Non-Exon 11 mutation

15/24 = 62.5% 9/24 = 37.5%
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TRNANLFIY grlosvianun (N=79)

Age of diagnosis ( mean : years) 55.46 + 13.99 (15-85 years)
Gender = Female: Male 43 (54.4%): 36 (45.6%)
PS =0-1:2 or more 78 (98.7%): 1 (1.3%)

Clinical manifestation

® Gl bleeding 37 (46.8%)
® Abdominal mass 35 (44.3%)
® Abdominal pain 29 (36.7%)

® \Weight loss 16 (20.3%)

Primary tumor

® Stomach 33 (41.8%)

)
® Duodenum 15 (19%)

13 (16.49
® Jejunum and ileum ( %)

7 (8.9%)
® Rectum
11 (14%)
® (Other : retroperitoneum
Stage of disease (ALFTNAUAGE)
® | ocalized resectable disease
45 (57%)
® | ocalized unresectable disease 5 (6.3%)
. 0
® Metastasis disease 29 (36.7%)
Metastasis = Liver: Peritoneum: lung 27:11: 1 (34.2%: 13.9%: 1.3%)
Tumor size N=67
°
< 5cm. 11 (16.4%)
® 510cm. 20 (29.9%)
® >10cm. 36 (53.7%)
Mitotic rate N=63
® < 5/50 HPF 29 (46%)
® >/=5/50 HPF 34 (54%)

dl % dal E [~ dqj dl dl o a A a s
ANTINN 7.1 GIW?’NLL’&@\?“H@N‘]@V\luﬁ’]usluﬂjﬂ'lﬂlluﬂLu‘ﬂLF;IfrJLﬂﬂ’)WHﬁ‘:ﬁ‘LI‘LWI’]\iLmu@’]ﬁ’]?ﬁ?‘ﬂ‘ﬂ?ﬁw
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. X vy %
IRYANUTY guaaiannn (N=79)

Surgical Margin

® Positive : Negative 14 (23%):46 (75.4%)
Histopathology
Spindle : Epithelioid : mixed cell 67 (84.8%): 3 (3.8%): 9 (11.4%)
IHC : KIT 76 (98.7% )
Risk Classification for prognosis N=67

¢ Low 8 (10.1%)

® Intermediate 10 (12.7%)

® High 49 (62%)
Treatment

® Surgery 72 (91.1%)

® |matinib 51 (64.6%)

®  Sunitinib 3

® Rx.= Adjuvant : neoadjuvant : 8 (15.7%):7 (13.7%):36 (70.6%)

metastasis

dl ] 17 dy N @ dgl dl dl o a A
AT NN 7.1 (FD) lF]’]?’NLL@ﬂﬂﬂﬂﬂuﬂwuﬁ'}uslu@ﬂ'lﬂﬂu?ﬂLu‘ﬂLEIﬂLﬂEI’J‘WM??J‘LIUVHQLﬂu‘ﬂ’]‘w’]?ﬁ?‘ﬂ
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@9

dilhansusndeyaiavun 79 98 agREantadaean 5546 1 lugmnaninndd
EVEN 43 Teniauiy 36 908 (54.4% vs 45.6%) dauninaningia (Performance status)
A8 0-1(98.7%) BINTNUINIIN. 9UNINAD LABARANAINNILAUBINT 46.8% AAINLARNLL
Viad 44.3% et 36.7% uniinanas 20.3% eamns 7.6%uarkiienisuans 6.3%
e d e X g4 4 e o vy e a
AUWMNTINUABULEIBNNNINTGAFENAINAIAL AR NITNIZEINT 41.8%, &1 MANdIu6Y
19%, anldidndaunansuazane 16.4%, al&lun) 8.9%uazan14% eutinuszazaedlsn

wudnulsalussazusnainnsaendnlé (localized respectable disease) 45/79 (57%), xe1eNEl

S

Tdqnanuusinnginlailél (localized unresectable disease) 5/79 (6.3%) AMmFUszazNAnINIzAE

TunnsAnwiing 29/79 (36.7%) FaNInndinisAneau] enatlasunanndeyafiliiivsausanm



48

MsAtasedaannldannnssatuile biopsy 77/79 (97.5%) fAeanmadneiaanzdae
\u (fine-needle aspiration) 2/79 (2.5%) ANNNIAPIATUEENNNETEANE WUATHOLE WL
Spindle cell 67/79 (84.8%), Epithelia cell 3/79 (3.8%) way Mixed cell 9/79 (11.4%) A NNT
991N TaLANLIF finstadafinnauntiil 6 el 79 ¢ (7.6%) Fagnunnnavatiasednilu
mﬁwmLﬂ@lﬁlmﬁmﬁmwumqLaummi'ﬁluj wazdniunisidade ludasneawntint e
2545 Lﬁ@mm@mié’@mﬁmwﬁwﬁ%mq%wu wu KIT duuan 76/77 (98.7%) dauunn1sfng
289 KIT %mmmﬁfm;ﬁmz{ 72/76 (94.74%) Gluﬂa;uﬁﬁm?ﬁmamm KIT tatuasliaginiane
4176 (5.26%) Tueilaifinsfadaes KIT Aaselsnildannn1sAndaes CD34 Wi daunisdn
?q%'uj vt CD34 luuan 34/45 (75.56%), SMA (smooth muscle actin) \luuan 21/52 (40%),
5-100 flutan 29/52 (55.8%) usBARldasnEne waznszaEINNd  EeaannnsAnEaL
AUNNATIRNLLTIUAL YTz §AnN91 95% , Vimentin 11uan 20/21 (95.2%), Desmin 14
UAN 4/28 (14.3%) WeufunisAnenaunudnnmantifuatunndt 95% uay Ki-67 uwan
8/10 (80%)

|
a aa

YUNABIAAUNZITN FNATASE AIUNINHIUIANINAGT 10 TUBLNAT 36/67 (53.7%) 491

g

ANIBINITULNFNURILTI98N mitotic rate W91 34/63 9181 (54%) HANNINNIWNAL 5/50 HPF

(high power field) M393T 1 HANAIANNENFANLIN dausnannsaRsateuldvnn 46/61 se

¥ 1
A A

4 dl v A % A %4 = a %
(75.4%) mqummmumwﬂm AR NITLEANTRINAL, Wwanaanluiaulasinisinlmaniau wu 5

918l 79 978 (6.3%) N33Rl Ae nsendndewilesan 72/79 1 (91.1%) enawlunig

I|o/VLQ./d 1o o dl

S lUNsaiTENGALE it ENFAnAIa NN imatinib TUszazinanvikudadeudaunnan
A4 NANTTHAFANLINANNNTaRS AR aKean lAuNA (RO resection) 48/76 918l (66.7%) ,H1FARDL
@@ﬂuml,wiLﬁﬂmm@mqwm'ﬁﬁwmLL&’qﬂ”\‘]mﬁ@mL?q@q (R1 resection) 5/76 918 (6.9%) WA
indnfiaueanudmae iieeniineiulddnunilan (R2 resection) 19/76 18 (26.4%) Hejtlae
le5un19FnHAaLen imatinib 51/79 5181 (64.6%) ‘Luﬁj‘ﬁliﬁ’?ﬂmwudwLﬂumﬁmﬂﬂmzmﬁﬁm@

nszang 36 3elu 51 978 (70.6%), Wunisinsieanruateuluseiiiuszacndalignais
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A = = o Ao ! o @ o ~ R .
WaAnuDetladeitnasan1snauiludnvealsalussasusnnanunsansinls (localized
respectable disease) WL TUIARBUNZTNNINNGN 10 WiuAwWAs In1nauiiulsagn 7 se Tu
14 3181 (50%) Waufuawafeutesnd 5 wudiwng dAnisnaudulsadn 2 sely 11 9w
(18.2%) fiaunualvnflanandauidudnuinndnus ldfidadAyuneadn (0=0.164)  dau
ANBUTNIINENDINEI mitotic rate T4TWR WL ANINNINLAZWNGTLS/50 HPF (high power
field) An1snauiilulsadn 6 e T 16 978 (37.5%) Wsuiy AAesndn 5/50 HPF (high power
field) An1snaunilulsadn 3 9781y 18 918 (16.7%) ANUBINITHLNFARAEdANNNINTNAFAENNT
nauilugnaaslsanunnaduiy e lddiadAnieaia (0=0.163) dusdnutiagiloaaanii
nanANdelunindudlugn TnafiansnnainaunfiauwasaAn w1 aNeNEaNegI mitotic rate
i’ glj ' | = o % . = L .
1a9TuUe uUaily 4 Ussinn Aa A NL@sedasiin (very low risk), ANLAENURE (low risk),
ANNNLAENLNUNANe (Intermediate risk) BAZAMNLAENHIN (high risk) T9819B9AINAN99R 2.2
= X ' | A o . ) =~ o o 1
294 Fletcher WAYATME AINNITANHINNLGY NANNHAINLAENHIN (high risk) An1sndudulsadn

10 31811 22 9181 (45.45%) FNINNIMNQNNRAINIALIUUNATN (intermediate risk) NAN1TNAL

D

4

Wiulsadn 1 91811 5 978 (20%) uaznguindau@etias (low risk) An1snduiilulsadn 1 9ty

1
o aAa o o o

8 978 (12.5%) LLﬁiﬁqmﬁmﬂzjmiﬂﬁmqwmLLmﬂﬁi’mﬂumuﬂmmymmaﬁ (p=0.23) ANFUNALE

1 o o [ % | %’ 1 dtﬂl 1 o 1 . . = [ |
nsusanunsnaulugnrealse wudn lunstifendnlidvun (positive margin) Annsnawudliy
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fmﬂ%’mﬂmmuﬁﬁﬂgium@ﬁﬂmﬁwum 36 e ﬁ'ﬁﬁmmﬁmm@ﬁuﬁqmmmn%wﬁ@
paraffin-embedded  WudENNTOATAAIRUENIINTARANN MR TN W Tzt Talvin
mﬁmﬁ:ﬁmqﬁuqﬂﬁu R polymerase chain reaction laz DNA sequencing #ia K/T exon 11
WAz exon 9 AL 24 Wudﬁﬁmsﬂmﬂﬁuﬁ%mmﬁqLmuq%\mum 19 4 24 3e Asndlu

79.17% @a3UNaNIINA LR USUAAIAININ 7.2

KIT mutation (PCR and Sequencing) Hilaananum (N=24)

KIT exon 11 mutation
® Deletion
® Complex mutation
®  Substitution
KIT exon 9 mutation
® Duplication

Not found KIT exon 11 and 9 mutation

15/24 (62.5%)
10/15 (66.7%)
3/15 (20%)
2/15 (13.3%)
4/24 (16.7%)
4/4 (100%)
5/24 (20.8%)

AN3NT 7.2 uaasdeyanisnanaiuguestiuan ludiienzidailefieneiussuuniuiuening

A a =2 éj
VIRAAN INTANET
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Foatinadayanliainnismagaunisnaaiugfaeis PCR 183 KIT exon 11 LaAIAI3L7

7.3

.L“'-.- B = D E F = H |

] e = W = E
' f_- '*-I_ -

| Sk Sk el ol

Ladder +ve +ve +ve -ve +ve +ve -ve control
+ve = KIT mutation
311 7.2 uansdayaildainnisii conventional PCR d1wi KIT exon 11
A= Ladder, B= sample1 +ve PCR, C= sample2 +ve PCR, D= sample3 +ve PCR,
E= sample4 -ve PCR, F= sample5 +ve PCR, G= sample6 +ve PCR, H= sample7 —ve PCR,
|= baseline
** Sample H Wamsa PCR for exon 11 mutation ifluay usilEleinnnImsIadneda DNA
sequencing > WUN1INAERUFHLL base substitution
uﬁwqﬂﬁuﬁﬁmiﬁuqmmﬁmﬁmiﬁﬁwmm iingnazuaunismn DNA sequencing sialil
NIINANERUGIBY KIT exon 11 finuties Aa deletion (in-frame Deletion) AL codon 550-
560 finnsmnelisesiinpdlelng druousaus 6-60 fanalalng wudn 9 lu 10 s1e (90%) fnns

NANERUENLTIUAINGD TAEFTUIWLNIN Ad codon 556-558 AdRN31N7 7.3
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ABENg Intron 10 Exon 11
Codon 550 556 558 560

Case 1 tctctttttcectttctcceccacag .CCCATGTATGAAGTACAGTGGAAGGTT.GAGGAG
Case 2 tetetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 3 tctetttttccectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 4 tctetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 5 tetetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 6 tctetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 7 tetetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 8 tetetttttcectttctccecccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 9 tctetttttcectttctcccccacag | AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
Case 10* tctetttttcectttctcccccacag | AAMACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG

F19797 7.3 uansdayanisnanaWugi ldainniavin DNA sequencing
1 . dl 1 1 al % % A o ] o dl a
289 Base pair Nag lunaa@inidnesu fa Arusuazanuunaiavisliaasananidue
. = codon 550, . = codon 560
* Case 10 M39ANWLNIINANEWUFULIL deletion 21 base pair AU codon 570-576
Base 71/l An TACATAGACCCAACACAACTT adlilliuansluniean 7.2
uaNANUSINLNIINANaRUILL Complex mutation 3 318 lun1sAn®1ll Aa deletion-

substitution f81AIgLN 7.3

Case 1
Codon 550 560 570
.CCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATAAATGGAAACAATTATGTT.

CDG
Deletion 27 base, codon 557-565, codon 556 CAG%CGA ¥}
Base substitution codon 566 AAC 9 AAG
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Case 2

Codon 550 560 570

AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAG GAGATAAATGGAAACAATTATGTTTAC-ACC
GTAAACCCAACAC

Complex mutation, Deletion 60 base, codon 551-570
Base substitution = ATAG>GTAA

917 7.3 uan9faatinaN1NAaNERURID9 KIT exon 11 Wil complex mutation

AMFuN1INaNERUSULIL Base substitution #4a99a ki 16ANN1991138 PCR usiwugniing
naeWug Wevin DNA sequencing ANUMINTAINUNIINANEUE NI4T Aa codon 557
(TGG557AGG  wWasuudasnsnaziluain Tryptophan U Arginine) waz codon 568

(TATE68AAT Latuuilasnsnaziluann Tyrosine (il Asparagine) Aa3ilil 7.4

—-ATAAATGGAAACAATTATGT
Codon 562 T=> A=AAT
7Un 7.4 wamensvlaas Hanalelnanldainnissin DNA sequencing Hnisiasnulag

284 Base codon 568 TAT = AAT (Wasuulainsnaziluann Tyrosine wlu Asparagine)

AFUN1INANERUSIRY KIT exon 9 A39a69EN19911 DNA sequencing ANTuLiianIg
WENFANLIINHA 9 918 WUNINAETUE 4 918 ianuaLluwuy duplication ARNWMLs codon

502dupGCCTAT
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a L =3 dlf dl dl [ a A a o dl Vo
mﬂmmmmwgﬂfmu:mLumﬂ@mmwmzuumaLmummim@%mmzmmw Vliﬂiﬁ_l

o (9 . Lo as X A o v % = o
N12INWIMILEN imatinib LL@ZN%HLM@W@WN’WDM?Q’Qﬂ’ﬁﬂ@'}ﬁlwuﬂﬁ 14 3¢l NUINTBYRLNEINT

HANNIAALANBIARNITINEIAIEY  srazina T liinIgnaINTedlsn  wazITEEINAINITRRTIR

[ 6

LHALLNATNNIINANLRUTH AN ILANANNAY AILAAIANITIN 7.4 WU TR ANLANANNNNEDA

Q

1 1
a o

T1309989071RANETNINAEY  AIUMBTIIRUNIT ANHULNNTULUINLNBINEN  IWIATD
% =3 . . I dld 1=l o o a ] 1 1 dld
Aaunzidauazmitotic rate lunguiduazliinisnanaiugaeddn exon 11 uswudInguninig

[ a = dl 1l 1 1 1 dl 1
NAERUGIR9AN exon 11 H3aelsANngzinIzaI M ININNIBNNGH (66.7%) daunguingaluiny
n1snaneiuguesAn exon 11 Nsaalsananl&ianuinndn (55.6%) usildldumnsinariuasine
HadATYNaDa

AmiunismauauessianiainEdeen imatinb T4 WUIINANNRNIINAERUEIRIAN

exon 11 ANMIABLAWBILLILLNAIU (partial response) 62.5% LAY 37.5% luannguilud
nsnanaiug we liiiednAtyneans (P=0.685) d9un1snaLAuasuLIL stable disease Wulu
nANANAENUE 3 978 (60%) Wieutu 2 918 (40%) Tunguildininaneiug Gelifiaong

' o aa 1 o o dla L dl A A I e A
WANFANTIUNNADATUTY  nAsanAanugelane 22.5 1nay (5-46 1AaW) ANSTNNIE

Ay . . o Ao &
?:ﬁﬂ:ﬁm@q‘VﬂNNﬂ"]?@‘ﬂ@f]ll?]@\ﬂ:?ﬂ (time to progressmn) °1|‘ﬂ<1Eﬂﬂ']ﬂ?ﬁﬂgﬁmﬂﬂq?ﬂﬁzqqﬂtﬂﬂ?qw AR

1 ¥ v
A v

28.72 \haw [95%Cl, 22.3-35.2] @egandnAilfainnisfnenenuiniing EORTC 62005 uay

| |
{ 1 v Aa

US Intergroup 0033 uaziileglunguiifinisnaneius wudiAnsdadineesszazinandiliingg
ananwaeslsalugiefiuagldfinisnaneiugesiiuin exon 11 ndsaniisnmdaeen imatinib
e 33.06 LAY [95%Cl, 26.7-39.4] Wiauil 25.4 1Aaw [95%CI, 10.5-32.7] (p=0.083) &uFuAN
Srdureszaznanieentintesiisszasifinnmnszanalnemy Aa 37.9 eu [95%CI,

oA

30.6-45.3] Waguiunan1sAneugn  B2222 189 Demetri  LAYAMEANLANNTINNYD
e A - y | e A Aa oy A ™
SLULIIAINNGIOATIR Aa 57 1AeY douATiiNaeszazIaIn19enTin ugiaenduasliinng
NAERUGIBEUAN exon 11 HAIRINNINEIAEEN imatinib AR 41.71 1haw [95%Cl, 33.9-49.5]
Waiudy 31.33 1w [95%CI, 18.5-44.2] (p=0.263) T4liTANNLANANSAUNISanF N A
WAAIAIELN 7.5 uaT 7.6 MINAIAL ANTTEZIAINITIRATIAAINANITRNIINITANENENB14

Lﬁ@qm@’mm?ﬁmmumﬁﬂmiﬂmum
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y’agﬂ‘ﬁuﬂ’m KIT exon11 mutation Non-KIT exon11 mutation P value
(N=15) (N=9)
1. Age ( mean :years) 59.7 £10.55 58.78 £ 14.5 P=0.854
2. primary tumor
® Stomach 10 (66.7%) 2 (22.2%) P=0.084
® Duodenum 2 (13.3%) 5 (55.6%)
® Jejunum+ileum 1(6.7%) 1(11.1%)
® Other 2 (13.3%) 1(11.1%)
3. Histopathology
, 12 (80%) 8 (88.9%) P=0.822
® Spindle cell
1(6.7%) 0
® FEpithelioid cell
2 (13.3%) 1(11.1%)
® Mixed cell
4. mass size
® <5cm.
2 (13.3%) 1(12.5%) P=0.498
) _
510 cm. 6 (40%) 1(12.5%)
¢ >10cm. 7 (46.7%) 6 (75%)
5. mitotic figure
® <5/50HPF 3(21.4%) 2 (33.3%) P=0.613
® >/=5/50 HPF 11 (78.6%) 4 (66.7%)
6. Treat with Glivec (N=14) 9/24 5/24
7. Tumor Response (N=14)
® Partial response 5 (62.5%) 3(37.5%) P=0.685
® Stable disease 3 (60%) 2 (40%)
8. TTP (months) 33.06 254 P=0.083
9. Death (N=11) 2 3
9.0verall survival (months) 41.71 31.33 P=0.263

= ]y X o aa o o g & A4 A o =
F13NN 7.4 ﬂﬂNﬂ@WMﬁ’WHLL@tﬂ@@ﬂ‘ﬂ%‘]ﬂ@uﬂ‘ﬂWUIu%ﬁ’]ﬂNtLNLuﬂLEI@LﬂEI’JW%?Zﬁ‘LI‘UV]’NL@uﬂWWﬁ‘

1vi90aat IneutemudnsnizaeanIanaeiugnivse lin1snaeiugueAn exon 11
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7N 7.5 wansszaznanliinisgnatnveslsnluiieniuas liiniananeiugaastiumn exon

11 URIANNENHIAQEILLRNIE imatinib
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Survival Functions

1.0 - kit 11 mutation
Hno KIT exon 11 mutation
FKEIT exon 1 1mutation
4 o KIT exon 11 mutation-
-+ +—+ + += -+ censored
i KIT exan 11mutation-
0.5 censared
— je
[cd
.= 0.6
=
e
=
o
E
= 0.4
L& ]
0.27
0.0
| T T L T 1
a 10 20 30 40 S0

Overallsurvival

dl aHa L dld B [ a a o
91N 7.6 LAAIZULIIAINNTTRATIR 1uﬁjﬂﬂf;l1/mLL@ﬁyLNNﬂ’]?ﬂ@WEW‘LAQ?I@QEIuﬂVI exon 11 #a¥an

a

1
%

RENHIFQEILRNIE imatinib

1 ! v %
\Hasandayailfandaed winienimensinendeasaniunisiesdJuRnisaiunsm
o o : d’l PR o o o a o dal =2
wenanpansiugnesuanduitialdiies dseneuduAinumdngesnuddaidunisAnenaaiugn
Apansnaneiugaastiuan  inlinuidsildansauenldteanuuanssIesNanaLaedans
o % dl = aa 1 dld 1
fendonen  sveznanfliinisgnanteslsauazsvezinanssenTin lunguniuas linas

NaNERUEIBNEUAN exon 11 141
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Tranzifaiiaganaviussuunianuenmaisedasst ulsanidnunaundnluenn uaz
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dlaz a dlo dlo | a a a =
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o

o~ oA

rO o/ & ©° 1) 1 o/
PDGFR n3in#sneintanie imatinib Nieangasiumeninisnaeiugyinligiloslsaiilidne

aa dldd? dl = o o % = o o 1 a
N1390ATAANATUNINIHANALALNNTNEAEaARLNTR  Laznisanelasuluans  80-90%

a

1 !
1a4lsatiiauinlnfvestiuin uazdouteaniacuiintnfaesiu PDGFRA  giiAnsninig

FINANLNNTNAERUE IUUAAZNTANHINANNUANANNAY  81AHeINIAINAN U U8

o

il AiumdsaestaunsianAeiuARgTRnIninsmTAanNUNIINA LR UEIA AR §9K9

a aa dl a o 4 o‘d‘ ] [ ' =2
NALA Qﬁﬂﬂimlﬂuﬂ’]ﬁ‘ﬁLﬂ?ﬂtﬂﬂqiﬂﬂﬂﬂwu‘q%ﬁl%ﬁﬂ%IMLLﬁ]@Zﬂﬁ‘ﬂﬂE’]

&

A ndayadiunin wunINaeRugIedEuAnlszNI 70-80% ANuNTNT8INIINATLG

Q

! 1 &
= a A = =

Nunige Aa exon 11 sz 60-70% dudulunisdneiinunisnaneiiguestumn 79.17%

q

a  oa

dunsnaneiugnaiumis  exon 11 62.5% aedgiREnsnllndiAesiunisAnmau  lu

pinslszina wAnmsaanIsnanaiug iaandianalumwezfiratwmuiianiawenganeni
- . y C X X | ,
sousnliiSunden  Uszneudunisaninansiugnesuludiuile paraffin-embedded section
TiBunasiugnasnaninnlideanuas llarunsoaniiunisdumey PCR 16 wiazldasnns
afpansfoatalensNlszdninmudanionn  dudnd 12 9w Aedly 33.3%
iy . v oame s - XX I
ldannmadinansiugnesuls  gRduAndawnetailuanduiladeunniduiuiianiium

8 1 o/

v 1
WAGUAT .. 2545 ansiugnasiudaulianysnineiiaznsnaniniananaiug  douansosy

UBINTNANENUG KIT exon 11 fiwuties Ao deletion (in-rame Deletion) wu 10 Tu 15 78
(66.7%) FWM codon 550-560 Feiinnavnelilunsdianalelng Suausaus 6-60 Smalelng
%’ﬂ;ﬂ@ﬁié’mﬁﬂuﬁumﬁ‘ﬁﬂmﬁlujd@wﬁqﬁ A9UN19INATERUG WU Base substitution NNIANEA
ﬁlu’]ﬁﬂwuﬁﬁmmm codon 557,559,560 WAz 576 whannnnsAneiiwuiisnumds codon 557
uaz codon 568 Teiwasianinudnuulasnsneziiluden deyafildunnsneannnnsineaue

¥ o !

o o X a = \ Y = < Iy a X
ﬁquulﬁjﬂﬁj’]m@q@ﬂN@mﬂ?.l@ll@@Qﬂ@’nﬁ\‘]W@\‘]Nﬂq?LﬂU?QU?QNm@H@WNqﬂsﬂum@VLﬂ

u

AMFUNINANERUETB KIT exon 9 AMNNITANEIUNL 16.7% NANNIINITANENRT W

dl a ¥ dsj L 1o 1 dl o =K d’ld @ a rdld o Y @
LN@W@’]?M’]‘H@H@WI@’WH‘U@QE;!‘]JQE]W'LI'J’WMQ@EI'NV]‘LHNWﬁﬂﬂquNNZLN@ﬂWWNﬁ"ﬂﬂIﬁ‘ﬂﬁﬂﬂ@WVLZ\iL@ﬂ
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Base line characteristics

Date of birth (dd/mm/yyyy)

MANUIN N

Gender [] male [] female

Performance status []0

Clinical presentation:
Abdominal pain
Mass
Gl bleeding
wt.loss
Loss of appetite
Asymptomatic
Primary tumor Location:
[] Stomach
[ ] Duodenum
[] Colon

[] Esophagus

[]1

[]ves
[]ves
[]yes
[]ves
[]ves
[]yes

[]jejunum
[] rectum

[] retroperitoneum

Stage of disease

[]no
[]no
[]no
[]no
[]no
[]no

[]ileum

[]1. localized respectable

[] 2. localized unresectable

[] 3. Metastatic disease

Site of metastasis
Liver
Peritoneum
Lung
Bone

Other

[]ves
[]yes
[]yes
[]ves
[]ves

[]no
[]no
[]no
[]no
[]no

me;TuﬁﬂmiLﬁu%H@ (Record form)

S CIY e

Complication

[O1. Bleeding [O2.perforation

O3.infection

[JNA

4. Mixed

78

5. No



Diagnosis:
Date (dd/mm/yyyy) (via pathology ).......ccevriiiiiiiiiiie e,
Method [] 1. Cytology [] 2. Histology

Histopathology [] 1. Spindle cell tumor [7] 2. Epithelium tumor ] 3. Mixed type

IHC : CD117 [Jyes []no . Vimentin Oyes Ono
: CD34 [Jyes []no : Desmin Oyes Ono
: SMA [Jyes []no
. Kie7 [Jyes []no
: §-100 [Jyes []no

Prognosis factor:

1.1 mass size 01. <5cms. 02. 5-10 cms. 03. > 10 cms.

1.2 mitotic figure [O1.<5/50 HPF 02.> 5/50 HPF

1.3 margin : Opositive Onegative

c-KIT expression (via IHC) Oyes Ono

Mutation Analysis

KIT mutation Oyes Ono mutation
® cxon 11 mutation Oyes location .......... Ono
® cxon 9 mutation Oyes location .......... Ono
® exon 13 mutation Oyes location .......... Ono
® other mutation Oyes location .......... Cno
PDGFRA mutation Oyes SpecCify....occovviiiiiiiiiens Ono
Recurrence

First recurrence Date (MM/AA/YYYY) ..oovvriiiiieie e

Site of recurrence: Local [Jyes []no
Liver [Jyes []no
Peritoneum [Jyes []no
Lung [Jyes []no
Bone [Jyes []no
Other [Jyes []no
S CIY e
Second recurrence Date (MM/AA/YYYY) .onvvviiniiiieieee e
Site of recurrence: Local [Jyes []no
Liver [Jyes []no

Peritoneum [Jyes []no



Lung [Jyes []no
Bone [Jyes []no
Other [Jyes []no
SPECHTY e
Treatment
5.1 First Surgery [ ] no
[Jyes date (dd/mm/yyyy).......ccccooiiiiiiiiiiiiiiii,

Procedure ...
Result [] complete resection
[] Microscopic residual tumor
[] Gross residual tumor
S TU e 1= To o P
Second Surgery[ ] no
[] Yes date (Ad/mm/yyyy).......cccocmmmiiiiiiiiiiiiiiiiiinn
Procedure ..o
Result [] complete resection
[] Microscopic residual tumor
[] Gross residual tumor
T 0 =0 o
Third Surgery [ no
[] Yes date (dd/mm/yyyy)......ccccocmmiiimiiiiiiiiiiiiiiiin,
Procedure ...
Result [] complete resection
[] Microscopic residual tumor
[] Gross residual tumor
SUIGEOM ..
5.2 Systemic treatment
5.2.1 First line
[] Imatinib [] Sunitinib [] Sorafenib [] Everolimus

SE Of ArUG . e
Maximum response (RECIST)
[JCR []PR []SD []PD []Unabletoassess

Maximum response (Clinical)

80



[JCR []PR []SD []PD []Unabletoassess

Dose reduction []Jyes []no

Date 1° dose reduction (Ad/MMAYYY).....cvee oo
D0SE ChanN@Ee t0 ...vviei i
Date 2™ dose reduction (AA/MMAYYYY) i
D0Se Chan@e t0 ....ovieiii
Date Stop (Ad/MMAYYYY)...orniiiie e
Reason for stopping

[] Progressive Disease

[] Death

52.2 Second line
[] Imatinib [] Sunitinib [] Sorafenib [] Everolimus

Maxmium response (RECIST)

[JCR []PR []SD []PD []Unabletoassess

Maxmium response (Choi)

[JCR []PR []SD []PD []Unableto assess

Dose reduction [ ]yes []no

Date 1% dose reduction (AA/MMAYYY)......ccveioeeieeieeiieeeeeees
D0SE Chan@e 0 ...vivieiii
Date 2™ dose reduction (AA/MMAYYY) .. .eoveeeeieeeeeeeeeeeeeee,
Dose change to . o.ovieie i
Date Stop (AA/MMAYYYY).oeniiiie e
Reason for stopping

[] Progressive Disease

[] Death

5.2.3  Third line
[] Imatinib [] Sunitinib [] Sorafenib [] Everolimus



Physician or nurse

6.2 Date (dd/mm/yyyy)

Physician or nurse

6.3 Date (dd/mm/yyyy)

Physician or nurse

6.4 Date (dd/mm/yyyy)

Maximum response (RECIST)

[JCR []PR []SD []PD []Unabletoassess
Maximum response (Choi)

[JCR []PR []SD []PD []Unabletoassess
Dose reduction []yes []no

Date 1% dose reduction (AA/MMAYYY)......ccveioeeieeieeeeieeeieee
D0SE ChanN@E t0 «.vei i
Date 2™ dose reduction (AA/MMAYYY) ... eoveeeeieeeeeeeeeeeeeen,
D0SE Chan@e t0 ...vviii i

Date Stop (AA/MM/YYYY) .o

Reason for stopping
[] Progressive Disease

[] Death

Last follow up

6.1 Date (dd/mm/yyyy)

[] Alive without disease
[] Alive with disease
[] Death

[] Loss to follow up

[] Alive without disease
[] Alive with disease
[] Death

[] Loss to follow up

[] Alive without disease
[] Alive with disease
[] Death

[] Loss to follow up

[] Alive without disease

82



[] Alive with disease

[] Death

[] Loss to follow up

Physician or nurse
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PREVALENCE OF KIT GENE MUTATION IN GASTROINTESTINAL-STROMAL TUMOR (GIST) IN
THAI PATIENTS.

Napa Parinyanitikul*, Chanida Vinayanuwattikuni*, Narumon Klaikaew**, Suebpong Tanasanwimon®,
Narin Voravud*, Virote Sriuranpong*
*Medical Oncology Unit, Department of Medicine,** Department of Pathology, Faculty of Medicine,

Chulalongkorn University and the King Chulalongkorn Memorial Hospital, Bangkok 10330, Thailand

Background Activating mutations of KIT have been described to be the crucial molecular
pathogenesis of gastrointestinal-stromal tumor (GIST). Individual KI/T mutations show different
prognosis and differential response to the treatment with imatinib. We investigated the prevalence
and pattern of KIT mutation in GIST in Thai patients.

Methods Thirty six GIST patients diagnosed and treated at the King Chulalongkorn Memorial
Hospital during 2002-2008 who had adequate archival paraffin-embedded tumor tissue were
identified. DNA was extracted from tumor tissue and then amplified by PCR with primers for KIT exon
11 and exon 9. All PCR products were subjected to direct sequencing. The associations between KIT
mutation and tumor response to treatment, time to progression (TTP), and overall survival (OS) were
analyzed.

Results We successfully amplified 24 out of 36 tumor materials. Mutations of KIT exon 11
were detected in 15 out of 24 tumors (62.5%) and mutations of KIT exon 9 were demonstrated in 4
tumors (16.7%). Most of KIT exon 11 mutations were deletion (10/15:66.7%), complex mutation (3/15:
20%) and substitutions (2/15: 13.3%). Mutations of KIT exon 9 were all gene duplication (4/4: 100%).
The median follow-up time was 22.5 months. There was a trend toward better treatment outcomes in
advanced GIST with KIT exon 11 mutations than non-K/T exon 11 mutations. The objective response
were 62.5% vs 37.5% (p=0.74), TTP were 33.1 months vs 21.6 months (p=0.08) and OS were 41.7
months vs 31.3 months (p=0.26) for KIT exon11 mutation vs non-K/T exon11 mutation respectively.

Conclusion Our study shows similar prevalence of KIT mutations in Thai GIST patients to the
other previous reports. Mutation of exon 11 associates with better imatinib response, time to

progression, and overall survival.

KEYWORDs : KIT GENE/ GASTROINTESTINAL-STROMAL TUMOR (GIST)



Introduction

Gastrointestinal-Stromal tumors are the most common type of mesenchymal tumor in
digestive tract. In previously, GISTs frequently misdiagnosed as smooth muscle tumors, as
Leiomyomas, Leiomyosarcomas, Leiomyoblastomas , Schwannomas or gastrointestinal autonomic
nerve tumors. (1) Immunohistochemistry results proved that most of these tumors lacked evidence of
smooth muscle differentiation but arised from mesenchymal stem cells that differentiated toward the
interstitial cell of Cajal. Most GISTs express the KIT protein by immunohistochemistry which was
distinguished from other sarcoma. The c-kit proto-oncogene encodes a type Il receptor tyrosine
Kinase. Activating mutations of KIT gene have been described to be the crucial molecular
pathogenesis of gastrointestinal-stromal tumor (GIST) in approximately 80% of these tumors. (2-3)
Individual KIT mutations show different prognosis and differential response to the treatment with
imatinib in several studies. Imatinib (Glivec) targets several oncogenic tyrosine kinases, including
KIT and platelet —derived growth factor alpha. In many clinical studies, patients with advanced GISTs
treated with imatinib showed a clinical benefit compared to historical studies. (4-8)

In this study we investigated the prevalence, pattern of KIT mutation in GIST in Thai patients
compared to previously trials and correlated with the clinical response rate, time to progression and
overall survival in advanced GISTs treated with Imatinib.

Patients and Methods
Patient Matherials

All seventy nine Thai patients diagnosed GISTs between January 2002 and December 2008
in The King Chulalongkorn Memorial Hospital were reviewed. Patients eligible for this retrospective
analysis had histologically confirmed GISTs by immunohistochemistry, measurable disease,
frequently follow-up and adequate archival pathology specimens. Patients were excluded from the
study if they didn’t have adequate tumor tissue for further investigation or they can’t be evaluated
treatment response. Thirty six GIST patients had adequate archival paraffin-embedded tumor tissue
were identified.

The medical records of all patients were reviewed. Demographic and baseline data that
were taken into consideration were age, sex, performance status, primary tumor location, primary
histopathology, organs involved in metastatic disease, initial stage of disease and treatment option.
In advanced GISTs, we reviewed the tumor response with clinical and CT scan every 3 months by
using the Response Evaluation Criteria in Solid Tumours (RECIST) by one radiologist. . Objective
responses were defined if patients had complete and partial response. Time to progression and
overall survival were measured from the beginning of Imatinib treatment until disease progression or

death. Respectively the survival curves were calculated using the Kaplan-Meier method. Toxicity was



evaluated and recorded every visit using the National Cancer Institute Common Toxicity Criteria
version 2.0. The follow-up period started at the day of Imatinib treatment to December 2008.
Mutation Analysis

Formalin-fixed Paraffin-embedded tumor tissue was marked on slide stained with
hematoxylin and eosin and dissected from serial sections (10 um) by one pathologist. Total DNA was
extracted by manual method. K/T exon 11 mutation was analyzed by using PCR technique first then
DNA sequencing with Automate Sequencer (3130 Genetic Analyzer). After this process, non -KIT
exon 11 mutation tissues were amplified and sequenced for KIT exon 9 mutations again. These

primers for exon 11, exon 9 and annealing temperature were defined in table 1.

Primer Sequence Product Annealing temperature

size(bp) (°c)

Primer exon 11(a)
-Left primer GAGACAATAATTATTAAAAGGTG 100 47.4
-Right primer GTTTCCATTTATCTCCTCAAC

Primer exon 11(b)
-Left primer TTATTTGTTCTCTCTCCAGAGTGC 242 52.3
-Right primer GGTGACATGGAAAGCCCCTG

Primer exon 9
-Left primer CAAGCACAATGGCACGGTTG 108 48.4
-Right primer CAAGCACAATGGCACGGTTG

Table 1: PCR Primer Sequences, expected product sizes and the annealing temperatures used for
KIT mutation analysis.
Statistical Analysis

Primary end point is the prevalence of KIT gene mutation in Thai GIST patients. The
relationship between individual KIT mutation and demographic data, response rate, time to
progression and overall survival are secondary end point. All qualitative datas were presented as
percentage of patients. Correlation between individual K/T mutation and response rate were
analyzed by using Chi-square test or Fisher’'s exact tests. All variable factors were compared by
using multiple cox regression models. Time to progession and overvall survival was calculated by
using Kaplan-Meier method. All statistical analyses were performed using SPSS computer software
package (Version 16.0). A P-value <0.05 was considered statistically significant.
Results

Between January 2002 and December 2008, 36 GIST patients had adequate archival
paraffin-embedded tumor tissue were identified. 24 DNA products were amplification and sequence

for KIT exon 11 first. Finally we found KIT exon 11 and exon 9 mutations in 62.5 % (15/24) and 16.7%




(4/24) respectively. Most common exon 11 mutations are deletion 66.7 % (10/15) in contrast with

duplication (4/4) in exon 9 mutations. All K/IT mutations identified in this trial showed in table 2.

Reviewed Thai GISTs patients diagnosed between January 2002

|

36 GIST patients had adequate archival paraffin-embedded tumor

tissue were identified.

v

Inadequate tumor tissue and poor DNA extraction for

genetic analysis ( N=12)

Adequate tumor tissue and good quality DNA extraction (N=24)

/

KIT Exon 11 mutation
15/24 = 62.5%

Figure 1 : All corrected GIST tissues in this trial

\

KIT Non-Exon 11 mutation

9/24 = 37.5%

KIT mutation (PCR and Sequencing) Total (N=24)
KIT exon 11 mutation 15(62.5%)
® Deletion 10/15(66.7%)
® Complex mutation 3/15(20%)
2/15(13.3%)

®  Substitution

KIT exon 9 mutation
® Duplication

Not found KIT exon 11 and 9 mutation

4/24(16.7%)
4/4(100%)
5

Table 2 : Distribution of KIT mutations in gastrointestinal-stromal tumors.

Final results of conventional PCR for KIT exon 11, DNA sequencing were identified in figure

2 and table 3. In-frame deletions at codon 550-560 were found in 90% (9/10), especially codon 556-

558.
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Figure 2 : Results of Conventional PCR for KIT exon 11

A= Ladder, B=sample1 +ve PCR, C=sample2 +ve PCR, D=sample3 +ve PCR, E=sample4 -ve PCR,

F=sample5 +ve PCR, G=sample6 +ve PCR, H=sample7 —ve PCR, |=baseline +ve PCR

* Sample 7 = PCR for exon 11 mutation -ve but further DNA sequencing - +ve (base substitution)

Sample

Intron 10

Exon 11
Codon 550 556 558 560

Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8
Case 9

Case 10*

tetetttttcectttctcececccacag
tctetttttcectttctcececccacag
tctetttttcectttctcececccacag
tctetttttcectttctcecececcacag
tetetttttecctttctceccecacag
tetetttttecctttctceccecacag
tetetttttcectttctccecccacag
tetetttttcectttctcececccacag
tctetttttccectttctcececccacag

tctetttttcectttctcececccacag

.CCCATGTATGAAGTACAGTGGAAGGTT.GAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG
AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAG

Table 3: DNA Sequencing Results for KIT exon 11

Base pair in grey boxes showed the location and deletion number of DNA in each oligonucleotides.

. = codon

550, . = codon 560

**Case 10: Deletion 21 base pair codon 570-576

Deletion Base pair =TACATAGACCCAACACAACTT

In this trial we found base substitution at codon 557 (TGG557AGG) and codon 568

(TAT568AAT).




GAE ATAAAT GGA AACAATTAT GT
Codon 562 T=> A=AAT
Figure 3: DNA sequencing detected base substitution codon 568 TAT - AAT

Case 1

Codon 550 560 570

.CCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATAAATGGAAACAATTATGTT.
CG

Deletion 27 base, codon 557-565, codon 556 CAG—>CGA

Base substitution codon 566 AAC =2 AAG

Case 2

Codon 550 560 570

AAACCCATGTATGAAGTACAGTGGAAGGTTGTTGAGGAGATAAATGGAAACAATTATGTTTAC-
GTAAACCCAACAC
Complex mutation, Deletion 60 base, codon 551-570, Base substitution = ATAG>GTA

Figure 4.  KIT exon 11 mutation > complex mutation

In nine non-KIT exon 11 mutations were amplified by PCR and four patients were found in
KIT exon 9 mutation. All duplication codon 502 dupGCCTAT were analyzed.

14 advanced GIST patients treated with Imatinib were followed and analyzed. In KIT exon11
and non-KIT exon11 mutation, no statistical differences in tumor response, TTP and overall survival
were identified. We found primary tumors at stomach in KIT exon 11 more than non-KIT exon 11
mutation (66.7% vs 22.2%) in contrary primary tumor at duodenums were found in non-KIT exon11
more than the other ( 55.6% vs 13.3%). After treatment with Imatinio , we found partial tumor
response and stable disease in 62.5% and 60% in KIT exon 11 groups compared with 37.5% and
40% in non-KIT exon 11 groups, respectively. Because of small sample sizes we didn't identified
statistical significances. After we followed up patients ( mean= 22.5 months, 5-46 months), median

TTP and median overall survival are 28.72 months [95%Cl, 22.3-35.2] and 37.9 months [95%Cl,



30.6-45.3] ,respectively. Compared between two groups of KIT mutation, median TTP and median
overall survival are 33.06 months [95%CI, 26.7-39.4] versus 25.4 months [95%CI, 10.5-32.7]
(p=0.083) and 41.71 months [95%Cl, 33.9-49.5] versus 31.33 months [95%CI, 18.5-44.2] (p=0.263)
in KIT exon 11 and non-KIT exon11 groups, respectively. ( Figure 5 and 6 ) Because of small sample

sizes in this trial, we can’t conclude that individual KIT mutations don’t correlate with tumor response,

TTP and overall survival.

Figure 5: Time to progression compare in KIT exon 11 and non-KIT exon 11 mutations in

Advanced GISTs treated with Imatinib.
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Figure 6 :  Overall survival compare in KIT exon 11 and non-KIT exon 11 mutations in

Advanced GISTs treated with Imatinib.



Demographic data KIT exon11 mutation Non-KIT exon11 mutation P value
(N=15) (N=9)
1. Age ( mean :years) 59.7 £10.55 58.78 + 14.5 P=0.854
2. primary tumor
® Stomach 10 (66.7%) 2 (22.2%) P=0.084
® Duodenum 2 (13.3%) 5 (55.6%)
® Jejunum+ileum 1(6.7%) 1(11.1%)
0, 0]
e Other 2 (13.3%) 1(11.1%)
3. Histopathology
) 12 (80%) 8 (88.9%) P=0.822
® Spindle cell
1(6.7%) 0
® Epithelioid cell
2 (13.3%) 1(11.1%)
® Mixed cell
4. mass size
® < 5cm.
2 (13.3%) 1(12.5%) P=0.498
° -
5-10.cm. 6 (40%) 1(12.5%)
¢ >10cm. 7 (46.7%) 6 (75%)
5. mitotic figure
® <5/50 HPF 3 (21.4%) 2 (33.3%) P=0.613
® >/=5/50 HPF 11 (78.6%) 4 (66.7%)
6. Treat with Imatinib 9/24 5/24
7. Tumor Response(N=14)
® Partial response 5 (62.5%) 3 (37.5%) P=0.685
® Stable disease 3 (60%) 2 (40%)
8. TTP (months) 33.06 25.4 P=0.083
9. Death (N=11) 2 3
9.0verall survival (months) 41.71 31.33 P=0.263

Table 4 : Demographic datas

and variable clinical factors in Gastrointestinal-Stromal tumor

compared between KIT exon 11 and non-KIT exon 11 mutation patients.




Discussions

Activating mutations of KIT and PDGFRA have been described to be the crucial molecular
pathogenesis of gastrointestinal-stromal tumor (GIST) in approximately 80% of these tumors.
Imatinibs which improving overall survival compare with prior chemotherapy and radiotherapy are
the standard treatment in GISTs. Different in KIT mutation prevalences were investigated because of
different in demographic datas and technique in mutation analysis. Most of mutations are exon 11
approximately 60-70% like 62.5% in this trial. Lower prevalence in this trial may be due to small
number of tumor specimens and small quality DNA extractions even though we use kit for DNA
extraction. 33.3% (12/36) didn't success in extraction probably due to long lasting tissue collection.
In trial we found in-frame deletion in codon 550-580 which loss 6-60 nucleotides in 66.7%. Several
studies base substitution codon 557,559,560 and 576 were identified (9) but in our trial we found this
mutation in codon 557 and 568. In KIT exon 9 mutaion, we found this prevalence more than other
trials (16.7Most of exon 9 mutation, primary tumors were located at duodenum more than stomach
(55.6 vs 13.3%). Duplication at codon 502-503 were almost identified in our studies same as
previous studies. (9) Our study shows similar prevalence of KIT mutations in Thai GIST patients to
the other previous reports. The prevalence of KIT mutation in GISTs in previously several reports was
showed in table 5. ( 10-16 ) Beside these two common mutations, 5% KIT exon 13, 17 and 5-8%
PDGRFA exon 12, 14 and 18 mutations were identified. Further all mutation studies are analyzed and

investigated especially in non-K/T exon 11 and 9 mutation patients.

Study Number KIT Exon 11 mutation Exon 9 Other/ Wild-
of patients | mutation mutation type
Heinrich 2002 USA 127 88.2% 85/127(66.9%) 10% 2%/15%
Rubin 2001 USA 48 92% 34/48 (71%) 13.6% 9%
Rankin 2003 Europe 80% 67% 10% 3%
Penzel R 2005 Germany 69.6% 56.5% 11.6% NA
Debiec-Rychter Europe 377 83.6% 248/377 (65.8%) 15.4% NA
Andersson Sweden/Norway 177 65% 101/177(57%) 3.4% 0.6%/ 35.6%
Tae Won Kim Korea 86 74% 61/86(70.1%) 3.5% NA
Chun-NanYeh Taiwan 54 90.7% 40/54(74%) 16.7% 9.3
Napa 2008 Thailand 24 62.5% 16.7% 20.8%

Table 5:  The prevalence of KIT mutation in GISTs in previously several clinical trials.




In demographic datas, we found that only the primary tumor location trends to be different in
two groups of mutation. In case of primary tumors at stomach, we found in KIT exon 11 more than
non-KIT exon 11 mutations (66.7% vs 22.2%). But primary tumors at duodenum we found in non-K/T
exon11 more than the other (55.6% vs 13.3%). After treatment with Imatinib , we found partial tumor
response in 62.5% in KIT exon 11 groups compared with 37.5% in non-KIT exon 11 groups,
respectively. Compared between two groups of KIT mutation, median TTP and median overall
survival are 33.06 months [95%CI, 26.7-39.4] versus 25.4 months [95%Cl, 10.5-32.7] (p=0.083) and
41.71 months [95%Cl, 33.9-49.5] versus 31.33 months [95%Cl, 18.5-44.2] (p=0.263) in KIT exon 11
and non-KIT exon11 groups, respectively. Because of small sample sizes we didn’t identified
statistical significances. Mutation of KIT exon 11 associates with better imatinib response, time to
progression, and overall survival. In early pivot study and two phase lll trials showed the median
overall survival were approximately 57 months (5-7) so at least five years follow up may be important
because of the short period follow up of our trial. Nevertheless further other KIT and PDGFRA

mutation are investigated.
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