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BREEEEE (GIST) OEEFERICESCHRSELBKRNESR

VIINKEE R EEIR BB R - BT
DIUMIREER S R B 221 58 B T RE R RE T B

hose 3% 4292 W g HEV?

OIS

B M ES:  (gastrointestinal stromal tumor; GIST) & E AL 12384 4 R 23 R O —
DT, ZORFIIKIT (c-kit, CD117) HEHEE=FBL, SHEIC KIT #&EFREZ AL, PEHFITIE
platelet-derived growth factor receptor A (PDGFRA) ZBRAHF T2V ™ S5 |CHBETFREIC L o T
LN KIT&HEEAEER Y — 7 v b e LB RELHIE SN, GIST OBW - W%t - (6H IIRERIZHEAR L
7299 KIT/PDGFRA ZERWRNI G0, MNATERE, AW R0RERE R0 50 AL AR DR & P
BLTWwaPY 72, KIT Bk GIST, WAL M4 GIST, a7 MRk #EBEH (succinate dehyd-
rogenase; SDH) ORG%HF4 5 GIST %o &K= — 7 G BRIFRBEZNEM 2 R THEE OFEED H S 21
o TE72Y. AT GIST OB & HETERIIOVT, MDYy 7 AERZ LA
ST 5.

1. GIST O#t=

GIST 1& 222 T RIES I S, & AZEMEGNIIFEHAE L SIS C& 72205, 1998 4, %
HOIWC L) KIT \EFREEFEREIN, GG MEI2 X 5 KIT 22 CD34 BEHAHS 22420, g R0E
B L AT LA L LCES LY, BIEOMATII GIST 1, 1) EICHLEIC5E L, ks
W U RS A S 7 B BERIES T 4, 2) Cajal MEMEED 3L %R, 3) KFIX KIT EHE
%%BIL, KIT %7213 PDGFRA #{ZTEREH TS, LEHRsns?Y. 1) ICLTIE, FHICHELE
AVIRERRIARIC D AT 5 222 0, 3) 1B L Tk KIT ZEHERERMGIR° KIT/PDGFRA VAV & {512
EAFEROBIS 27,

GIST @ normal counterpart (&, HALE E A EH O Auerbach MEFEIHFAET S Cajal MEMIE (In-
terstitial cell of Cajal) &%z HNTHY, Cajal A 7EMMLIL KIT, CD34 2 %8 L T\ 22,

T BEAEOMAE TIZEDOEHAE (leiomyosarcoma) 1 EKZEFNTH Y, GIST L1577 5 RHEFHY
HMREREB LR, ZOFMCE L TIE, 4 OREOHEZ BB L T & 20w,

2. GIST DREZEHE

GIST D#fFe4Eind 40 U LOHEEZTH Y, Fmdmv. I 20 KA FOFEFEEIZLHET S,
FAEFALTIE, B (F70%), M (] 20%) 122 <, RBREEIXENTH S, AIRAYIZ IR TIEE O
ZRER LD, NSNS 5 WIZEES T I~EIRS 278, (28 A OB TEARE & Ei s R I 5.

Hidetaka Yamamoro, MD, PhD V?" and Yoshinao Opa, MD, PhD V2

UDivision of Pathology, Kyushu University Hospital

2)Department of Anatomic Pathology, Graduate School of Medical Sciences, Kyushu University

*3-1-1Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

Tel : +81-92-642-6061, Fax : + 81-92-642-5968

Molecular Pathological Classification and Its Clinicopathological Significance in Gastrointestinal Stromal Tumor



L

1 GIST OJRH=aYHT R
A, HEIRG 2 B8R AL GIST (HE #efn) B. KIT Bt (%fEdetn)

A0, BRI S 2 VIS E M 5 2 5 (K1), #hisEMa i I BESMAE A IR S 5 v
W8 ZIRICEY) L, & %12 skenoid fiber & FHIN 2 AR E OLAE 25 . FH MR TIEME
AT 5 EREEIS RIS — MIRIZEEIE L, LI UISKSRERIEE 20 . wWaFhofMiailicsnwT
b, fl 4 OFEEEIHEIEIRZ AL, M, A .

SRS g 1 TIE 95% DIERIT KIT ZEAHIET (K1), 80% FEEEIC CD34 At TdH 52
TR T 2, S-100 B OB R E N Z N 20~40%, 5% THh 5. GIST Oy 5% A3 5uiEgfs T
KIT &ETh Y, A (H) LHlaEE GEEEMRE) (S sH 5 (k). cDNA~/27a7 L
A2 TSN 72 PKC 0 % DOGL i3, KIT Btk - BatEicBb 59, 12124 To GIST THMEIZ AR 2 DT,
ZWTHME A E WY, %8, PDGFRA SRR GIST O—# % i X, #EFEROERIZE b 5T, bk
¢ KIT, DOGL 12 Cdh 5.

3. GISTICK T 2EEFERLTIDER

3-1. Driver mutation D1&E$E

KIT X stem cell factor # V) H v Fe$H LTy —RFus »FF—¥THY), Cajal cell X mast cell
WHFEBPROONL. KIT BIZTER (bW S ERREREER) 2’825 L, &OEITEREENE
fbL, V7Y FoRl#EZz LICHCY “BRILL, £OTiO RAS-RAF-MAPK ##%° PI3K-AKT-mTOR
BEEANEMALEN D EE 2 5N TWwa (1M2)%. PDGFRA X KIT &ML L 2 BELEHEL b b, EET
BRAPAEL D, KIT & RBOF T GIST O%4IZM 5§27,

KIT %1%, Mg F A4 % 32— K95 exon 8 exon 9, FEMIIEME N x 1 > % 32— K3 % exon 11, F
Oy & F—E¥RAL 2% T— FF 2 exon 13 % 5N exon 17 (A7 T 57% . GIST @ 60 25 70% 42
EDERFITIE, KIT exon 11 1IZEENBH Y, DWW T KIT exon 9 DERD5-10%EETH 4. KIT exon
8,13, 17 ARIIMOTENTH 5. KIT exon 11 ZH 1% codonb550-580 DR, FZIRZZE R Z I 5 ASHH A
EbanER 3 Ko tandem duplication 7 ¥4 ¥ Tdh 5. exon 9 A1 Ala502-Tyr503 @ H
EVINNY = DR TH A, exon 13 ZF 1T codon 642 3%\ 75, codonb4l, 643, 647 D I At ¥ ALY
HiEENTWAEDY . exon 17 2513 codon822 D I Xt ¥ AL R HE ST w2,

PDGFRA ZEHOMEEIX GIST A0 5% FHELEZ 6NL DS, HRAERL EZOHEILHILLE
. PDGFRA #IxT13F0y v FF—¥ F XA exon 18 (& {12 codon 842Asp 75 Val ~DZH:
D842V) 12 - & b %<, DHUL, B K X 1~ exonl2 X F 0L v FF—¥ KA Texon 14 1272
HHENBTY,

GIST ®#5 15% & KIT/PDGFRA BImTIZEB O WEATITH L7908, ZIL6 D2t SDH, BRAF,
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KIT, PDGFRA

* ------ fHRASA R A
------ EHRRIRE A
------ FF—ERAI]

------ FF—tERAI

Mitochondria
‘ Succinate ‘ ‘ Fumarate ‘ AKT RAF
D J

V
N\

|
e 1B e e tE e
MmEHE, KBETTE

2 GIST OFEEIZBE b LN Y 75 v

K1 GIST OHLAL & ERAR A1 R

Fiin (%) 1% EBAL W3 45 Al IERE BInFAER WA RE S
HALE GIST  >40 %, & H, M B WsEI, L KIT, PDGFRA  KlTexonll REFHAR
(FIkE, K (FMUZ BRAF %)  KIT exon9: /Mg, FHAR
PDGFRA : §, FHENWF
KITB#HGIST  >40 5B, & H HiZE Ll 2 PDGFRA T EIT
HLESNGIST  >40 %, & kil BHE ¥isET., ¥ bR KIT, PDGFRA — FHAR
I, B
/IR GIST 10-20 HB<& B Higg £ lle 2 SDH V) 2 RHIRFE DY E AR
L EICEE BE, RRIR R
BANEE'GIST  20-40 H<&x §B Hi%E, HH R SDH ) 2 NETR S S E A
=N 24 JE, SRR
Carney-triad 20-40 %<& § %5 $H R SDH 27 L ) Y NEERFE DY B
(SDHB &HKE) B, iEmfs
Carney-Stra- 20-40 5, & §H %58 $H B SDH DI iL: iz A=
takis AEfEHE (IR L) I, AR R
KEWEGIST >30 %, & H., M %5 WisE, M bRe KIT, PDGFRA %G
(IEHI L ~OL)
MRRMERERE > 30 B, & NG %% HESEIE NF1 R R

I GIST

NRAS, HRAS, PIK3CA BIZTFOERD S 2B 6h b 5 (%K) = 2 CHEELDIE, GIST O%EICH
b LEETEE Wb b driver mutation [ IAHEHMEAITH U, FARGIIZFE—EENICEE L TRO 5
NAHZ &L,

3-2. GIST (& (T % genotype-phenotype correlation

# 112, driver Bz FAROHER! (genotype) & EEARIHE-AIFEE (phenotype) DBIRIZOWVWTE L&
%. KIT exon 11 ZZ81EN7, MIGIEREICE D & §EHEICRRO 515D, KIT exon 11 DR EFIZEE A
EFHEARTH B KIT exon 9 5T RE % FHOBIE, NEOMEIANERE GIST 124, FHRAA
TH AW, PDGFRA ZRIIE O LA GIST 124 < Ao b N, B TFEN L WY PDGFRA
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EERMO—E, KIT &EAERETHS. —J), PDGFRA ZEFII/NGIZIZmOTENTH S, KIT exon
8,13,17 2254 X° BRAF, NRAS, HRAS, PIK3CA ZFR IO TENTH V), MARRIEANFERE L TFRED
BEICOWTIRE L F o727 — 7040 S ZERIE, NRREERADFI5ET 258 R
B GIST ICIZIZIRSNTEY, ) v SEiEBIEHECH L (k)2

3-3. 9FIERIAE & genotype DR

KIT, PDGFRA Z#HES 2 F 1Y ¥+ — ¥HEH TH % imatinib ¥ GIST OHEEIZH S5 25,
KIT/PDGFRA Z5 %% (genotype) & imatinib #5123 BI3E A 517 KIT exon 11 ZE #4113 imati-
nib ORENE L, FHRARTH D KIT exon 11 RELEBRHFNZ & > CTIHTEETH AH. KIT exon 9 22 H.14
I¥ imatinib O FER S TIIRNRSTEETH 570°, FERGT5 2 L THFEIRIE L. — K
PDGFRA 75 #8113 imatinib ®FEAML , & 12 D842V ZE #4513 imatinib i1k % =31, SDH 25 541
13 imatinib D&Y FAHED TV,

EFETIC imatinib 258752 7% < % O ESEASEB A 2 RIS ERR IR & 22 5285, 40 F LNV T,
KIT exon 13 % 17 \2 ZRMEICERPHINENS 2 EHFERO—>TH 2. KiTexon 13 % 17 83— ¥
THrFuY rFF—CHEBOEHEMENZLT 5729, imatinib OFEPMET T 2720 TH 5.

4. GIST OFEY

4-1. KIT & GIST

#15% @ GIST I35 T KIT Btk & 4 0, BWICHESS 5 2 L% %%, ik L7z PKCA % DOGI
DM ORI A KIT B GIST 3 B I2iF3 L, B MIaR T PDGFRA 7 RO D E W20
I/ BT HRIGBIFTH S, %3 PDGFRA 2% GIST 4 TH e tn T KIT Btk L v ) bIF Tid
72 <, & LAKIT BEFIODIZ S 2%\,

4-2. HEES GIST

FoE. BRI AR BRI 2 L SRR AL T D TALAS GIST & A MRS & KIT /S % %
W, KIT'PDGFRAZER%ZH T ALEE, \Whwb extragastrointestinal stromal tumor (EGIST) 2SfEAE
THIb%, FARREL, Z0RMEPES 2L, 2hud, LS GIST 25 R R EE & S <
T2 ERC A, BRI O T8 5 REES & Tl LIS o 7R Ch 5.

EGIST & B} % #{x T2 %13 KIT exonll (41.4%), exon 9 (6.9%), exon 13 (0%), exon 17 (0%),
PDGFRA exon 12 (3.4%), exonl8 (3.4%) Td v, {HALAE GIST LkkD/¥y — > Th o7z, JEEHFEIT
10cm DL EOIEBIA S {, Zive KL THFRITHLE GIST £ 0 b EWEahH - 7.

& 51T A 1L BIEY T KIT Btk EGIST AFEST 5 2 L 2 A L7722 2o, Jcsia L,
R MR C PDGFRA ZRPEHETHAH L) 2T ETHY), HOKIT BN GIST LHM L Twiz.
R L IR R IS s, R ) EREO R S VIENIIIFRE, BEREEY X720, BET5600
Ho7z.

FRIRIG 22 814 1%, EGIST 124 LT3 imatinib 25 S L% D294 IR 7258, EBIIGEEM R % RO 72
FEF 2 T4 DIEERL TV AP X )T, BTREER RIS W B OB EA, AR %
BEROBEAETDL 2 DB D, #IZ GIST & L CIEIRIMAIE 7 58 RRA Re sh s e ta REE  (KIT &)
OYtr, GIST LM SN TICHY R GREROMEK AR THEG LD 2720, INLZHEMOGFEZEHZLTE
S T EHRBE - BRIRERFICE o TEHETHLEEZLNS.

4-3. SDH X %E! GIST
a7 WK FEREZE  (succinate dehydrogenase; SDH) 1 SDHA, SDHB, SDHC, SDHD &9 4 D
Ta=y M SEEA? . SDH complex (£ 3 M KUY TIZHAEL, TCA cycle 128 T I/ 7 f# succin-
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AL /NRIZEEE L7 ERAIIETY GIST (HE #efa) B. /MR GIST I281) % SDHB 3L (fEgef)

ate % 7 ¥V fumarate ([T A8ETHAH. SDHY 7=y FOWT NI HEREREIAIZS 734 0
% & SDH OEFEAMET L, MlENIC ans BrERKT 5. 20Uk ), KEEMER T Ch 5 HIF-1a 28
B EN, ZORNBETOBG O TLET A48, MIEMEC MBI EIHESI NS, SDH #nTARIL
RN ST B2 70) F —<IEFEBROBEIEET & LTSN TWizds, KIT/PDGFRA ¥ 4R GIST O —
OGS 5 E AR S Ao T E P

H GIST & /85 % v 7 ) + —<23&8t$ % Carney-Stratakis i 5% Tl SDH #{5¥ (SDHA, SDHB,
SDHC % 7213 SDHD) OIS L ~LTOEREN S Y, EWEfET 527% . Carney-triad % 7-F GIST
ERTGH T )F = EPEL, A CHiEREIE S & U 27225, SDH #{n 2RI - A
WFENIZH D S NT, FKiRMED 212 Carney-Stratakis fE5:# & Carney-triad \2BI3 % A1k,
GIST &35 A7) F—<HEHT 5 L) HAER SR, KEW ST K > 7)) +—<OFRNEIET %
BETHIZE S0, SRR REEOMASHLETO R LMK LTRIBT S FI25EEIC
L, MG EEMT LI EOEEREZRIZL TV,

5T, SDHZERIZ/NEREERACEET 2 GIST IZBWTHEHEICHDLNY2% —nso
GIST &, B34k, MR SRETEME/ Y — by B L 2 H#rd 2 (F1, K 3).
F720) YNBSS VD DI, RBEEEIIRETH Y, ®HBEEE XL Te0 b REAFT S,
WHEO (KITZZRM) GIST Tlid) Y/ SHifimB 3o TE N0 T, AWFNERZ I 2 ) 22— 2 Th
5.

TeE gt Cl, Carney-Stratakis JEf#E, Carney-triad, SDH ZZFAI/NE - B A GIST (& SDHB D488
WA R L (M 3), SDH KZEH GIST &#fra s 2 iUz Lt o KIT/PDGFRA % 5% GIST
Tl SDHB 3t TH b, XBIT 2 DIRLD. BIREWC &2, SDHBZZEM7Z13Tid% {, SDHA,
SDHC, SDHD 2758493 5 ¥4 b SDHB OFE AT 59205 Ziud, SDHH71=v how§h
MR H UL SDH complex AR LEILT 4728, SDHB OFHOBK T35 2 & A3 RIA & il <
NTWwa, 562, SDHY 72=v FOWTIIZH WS 2B FARDY % W6 TY SDHB 0% A
HELTVRHEYH D, 56l A7 = X LA OMWAHEE NS, WFIZE & SDH K%M GIST 13 =
RO L) O L= — 7 BERREENES A OB TH Y, SDHB I Z DB WD,
¥ 72, SDH KM GIST 121% imatinib ORI F I 726D, AN RIEHR Z 8T 5 BRTH Z OH RO FEH
IEETH 5.

4-4. %% GIST fEfRE
Hi 7k @ Carney-Stratakis JEfEHE, Carney-triad |2H1 2, FKEEME GIST, MM I % (von Reck-
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£2 GISTO A2 458
Fte POREE e f 2o
<2 <5 - very low very low
>2— <5 <5 - low low
>5—<10 <5 - intermediate high
> 10 <5 - high high
<2 >5— <10 - intermediate intermediate
>2—<5 >5—<10 - intermediate high
>5—-<10 >5-—<10 - high high
> 10 >5— <10 - high high
any > 10 any high high
any any + high high

any, #4HHOLE, FEIIBEH SV
HPF, 58 R B

linghausen ) 12 2% GIST 234 LA 2 EAH SN T WA (F 1), KRN GIST (ZIEMIEL L~V T KIT
%7213 PDGFRA RN V), FHAEM AR HE LI E /N2 GIST A3%553 557 . —75, Ak
JETRNCAHET 2 GIST IS RAEL, BIZIZEA LD SN2V Ferid, WRBHEREE T 7R
# GIST 1243 KIT/PDGFRA ZERH 7255, MAPK 2SR IEHAL L Twa S e 2 R LAY, 2,
AR E [ B O JE R ER T CTd B NFLIZAK, HIlaHN T RAS OEMHALZHHI 2 D725, NF1 O
HETERSH 5 & RAS LT O 2 7 IV HMEEICTH AL T 5720, KIT 2% %47 L T GIST O5EA4 123
G35 LS.

5. GIST OF#RAF

GIST (IMEIA VAW FEBEZ R L, BIRERS k4 Th o, BEHEIL, BEEFESCHERE X729 &
FTEARTHL., LorL, fMigirhoinrs, B, EHEOXHET5Z LIERETH L7290, 3 - R
B0 A7 & EMiT 5 HENES L TWS, EEE ORI\ Fletcher 474>, Miettinen 43
F2 A, R TIRIESREZ % Ik L 72 Joensuu 33O H LA ST b (F2)10. 15 - i
DfEkE®IEB L7, B 227 (very low risk) T2% LT, Y 22 (low risk) T5-10%, W) A~
(intermediate risk) T 20-30%, ') A% (highrisk) TlX 50-60% TH 5. 7% BIESZEBUIBEMEERILKA
CRF9 40 %5, 208 10 %) 50 #HEF TERAIT 525, WAL Y ADEWIZ L YV HES R L L 2 L HiEfHINT
B, SRII—EOHEMD ) OEBICKD L TREMD D 2%, 7220 X 7 535IF— /9% GIST 12
BWCTHHTEZ 230 THY), SDHZERR GIST OFHTFENIIEH T W HL2 W EARHIN TV 5.

T4 1L GIST OFEZEES B W CIERE FHIRERHE) 27hiU, £ 80% & IEFITHEIL, BRI
REX7TIEARMLZY, B A2 GIST BICBR - TY, MR Ry BN BB 12 o~ C PR O 3
EhE < (80%vs50%), WhiX “HWEY A2 GIST £ 524, /&) 22 GIST CH#ERE2 &7-L
7EBNE T R TEEREICB W TMERESEETH 572, K1) A7 GIST TIEERD ) A 7 55Tl
Vo 720 EOSEBIDSHRFE & T A BRI D B O 0T HIAEE LA, FEELHREE AR BT 5 E R O BF il
FIhzfioLEZLNE.

F 7R A I BB L ARHRE A TR Z, PRI K o TH, GIST OB IR
bLSTREEZ R L7, 4 20 RNA 7 LA ZH, miR-133b DAL TR, miR-133b DIEHTH 5
fascin-1 OEEHA GIST I FBARRTTH L L R L2, F72, ®1) A2 GIST T, 22 F4
BRERIC BT 2 INLBIETFOAT OEAEOT% (LOH) 2SEHEEICE L Th Y, bR
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KIT/PDGFRA ZEF\ZIN £, ¥4 e F-REDINH A Z L2 X Y GIST DAL EFEIC progression 75 & &
FRLTBY, FNRMICIZEEEOIRERHEBEENON, F~—h— LTUSHEIN S Z L ifEEsn 5.

YIS

GIST & KIT &fE T ZEDYEHRICECHESG LT b 2 EHB L, 508, W, BEDNT T AL LHK
XL, BRELTCEZBEL LT, BROBADOBW, BWEOLVEFVEZ-TWEY, 21T,
KIT/PDGFRA DAWMZ b SDH 7 SO R KB R T2 L, #n 755 & RS o R S RE
ORAFEIZONWT, ZOEPPHSPIIRALH)ELTWE,. —F, ST EERIIE RN 2 Sk
EREPELFLEIN TN D, BRI OICHMZ S TREICES W S IREPHEIRT 5 2 & 3l
SNb.

Z £ X M

1] Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida T, Ishiguro S, Kawano K, Hanada M, Kurata A,
Takeda M, Muhammad Tunio G, Matsuzawa Y, Kanakura Y, Shinomura Y and Kitamura Y : Gain—of-function
mutations of c-kit in human gastrointestinal stromal tumors. Science. 279 : 577-580, 1998.

2] Miettinen M and Lasota ] : Gastrointestinal stromal tumors : pathology and prognosis at different sites. Semin
Diagn Pathol. 23 : 70-83, 2006.

3] Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, Longley BJ, Miettinen M, O'Leary TJ, Remotti H,
Rubin BP, Shmookler B, Sobin LH and Weiss SW : Diagnosis of gastrointestinal stromal tumors : A consensus
approach. Hum Pathol. 33 : 459-465, 2002.

4) Heinrich MC, Corless CL, Duensing A, McGreevey L, Chen CJ, Joseph N, Singer S, Griffith DJ, Haley A, Town
A, Demetri GD, Fletcher CD and Fletcher JA : PDGFRA activating mutations in gastrointestinal stromal
tumors. Science. 299 : 708-710, 2003.

5) Joensuu H, Roberts PJ, Sarlomo-Rikala M, Andersson LC, Tervahartiala P, Tuveson D, Silberman S,
Capdeville R, Dimitrijevic S, Druker B and Demetri GD : Effect of the tyrosine kinase inhibitor STI571 in a
patient with a metastatic gastrointestinal stromal tumor. N Engl ] Med. 344 : 1052-1056, 2001.

6) Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD, Eisenberg B, Roberts PJ, Heinrich MC,
Tuveson DA, Singer S, Janicek M, Fletcher JA, Silverman SG, Silberman SL, Capdeville R, Kiese B, Peng B,
Dimitrijevic S, Druker B]J, Corless C, Fletcher CD and Joensuu H : Efficacy and safety of imatinib mesylate in
advanced gastrointestinal stromal tumors. N Engl ] Med. 347 : 472-480, 2002.

7] Lasota J and Miettinen M : KIT and PDGFRA mutations in gastrointestinal stromal tumors (GISTs). Semin
Diagn Pathol. 23 : 91-102, 2006.

8) Corless CL : Gastrointestinal stromal tumors : what do we know now? Mod Pathol. 27 Suppl 1 : S1-16, 2014.

9] Doyle LA and Hornick JL : Gastrointestinal stromal tumours : from KIT to succinate dehydrogenase.
Histopathology. 64 : 53-67, 2014.

10) Yamamoto H, Handa M, Tobo T, Setsu N, Fujita K, Oshiro Y, Mihara Y, Yoshikawa Y and Oda Y :
Clinicopathological features of primary leiomyosarcoma of the gastrointestinal tract following recognition of
gastrointestinal stromal tumours. Histopathology. 63 : 194-207, 2013.

11) Liegl B, Hornick JL, Corless CL and Fletcher CD : Monoclonal antibody DOGI1.1 shows higher sensitivity than
KIT in the diagnosis of gastrointestinal stromal tumors, including unusual subtypes. Am J Surg Pathol. 33 :
437-446, 2009.

12) Martin J, Poveda A, Llombart-Bosch A, Ramos R, Lopez-Guerrero JA, Garcia del Muro J, Maurel J, Calabuig
S, Gutierrez A, Gonzalez de Sande JL, Martinez J, De Juan A, Lainez N, Losa F, Alija V, Escudero P, Casado A,
Garcia P, Blanco R and Buesa JM : Deletions affecting codons 557-558 of the ¢c-KIT gene indicate a poor
prognosis in patients with completely resected gastrointestinal stromal tumors : a study by the Spanish Group
for Sarcoma Research (GEIS). J Clin Oncol. 23 : 6190-6198, 2005.

13) Andersson J, Bumming P, Meis-Kindblom JM, Sihto H, Nupponen N, Joensuu H, Odén A, Gustavsson B,
Kindblom LG and Nilsson B : Gastrointestinal stromal tumors with KIT exon 11 deletions are associated with
poor prognosis. Gastroenterology. 130 : 1573-1581, 2006.

14) Antonescu CR, Sommer G, Sarran L, Tschernyavsky SJ, Riedel E, Woodruff JM, Robson M, Maki R, Brennan



164

15)

16)

17)

18)

19)

20)

21]

22]

23)

24)

25)
26)

27)

28)

29)

30)

31)

Pl

ihoJc & HOH T OHE

MF, Ladanyi M, DeMatteo RP and Besmer P : Association of KIT exon 9 mutations with nongastric primary
site and aggressive behavior : KIT mutation analysis and clinical correlates of 120 gastrointestinal stromal
tumors. Clin Cancer Res. 9 : 3329-3337, 2003.

Lasota J, Dansonka-Mieszkowska A, Sobin LH and Miettinen M : A great majority of GISTs with PDGFRA
mutations represent gastric tumors of low or no malignant potential. Lab Invest. 84 : 874-883, 2004.
Agaram NP, Wong GC, Guo T, Maki RG, Singer S, Dematteo RP, Besmer P and Antonescu CR : Novel V600E
BRAF mutations in imatinib-naive and imatinib-resistant gastrointestinal stromal tumors. Genes
Chromosomes Cancer. 47 : 853-859, 2008.

Heinrich MC, Corless CL, Demetri GD, Blanke CD, von Mehren M, Joensuu H, McGreevey LS, Chen CJ, Van
den Abbeele AD, Druker B]J, Kiese B, Eisenberg B, Roberts PJ, Singer S, Fletcher CD, Silberman S,
Dimitrijevic S and Fletcher JA : Kinase mutations and imatinib response in patients with metastatic
gastrointestinal stromal tumor. J Clin Oncol. 21 : 4342-4349, 2003.

Corless CL, Schroeder A, Griffith D, Town A, McGreevey L, Harrell P, Shiraga S, Bainbridge T, Morich ] and
Heinrich MC : PDGFRA mutations in gastrointestinal stromal tumors : frequency, spectrum and in vitro
sensitivity to imatinib. J Clin Oncol. 23 : 5357-5364, 2005.

Antonescu CR, Besmer P, Guo T, Arkun K, Hom G, Koryotowski B, Leversha MA, Jeffrey PD, Desantis D,
Singer S, Brennan MF, Maki RG and DeMatteo RP : Acquired resistance to imatinib in gastrointestinal
stromal tumor occurs through secondary gene mutation. Clin Cancer Res. 11 : 4182-4190, 2005.

Medeiros F, Corless CL, Duensing A, Hornick JL, Oliveira AM, Heinrich MC, Fletcher JA and Fletcher CD :
KIT-negative gastrointestinal stromal tumors : proof of concept and therapeutic implications. Am J Surg
Pathol. 28 : 889-894, 2004.

Yamamoto H, Oda Y, Kawaguchi K, Nakamura N, Takahira T, Tamiya S, Saito T, Oshiro Y, Ohta M, Yao T
and Tsuneyoshi M : c-kit and PDGFRA mutations in extragastrointestinal stromal tumor (gastrointestinal
stromal tumor of the soft tissue). Am J Surg Pathol. 28 : 479-488, 2004.

Yamamoto H, Kojima A, Nagata S, Tomita Y, Takahashi S and Oda Y : KIT-negative gastrointestinal stromal
tumor of the abdominal soft tissue : a clinicopathologic and genetic study of 10 cases. Am J Surg Pathol. 35 :
1287-1295, 2011.

esess, JNRBRESE, SAA—, dftiig, /NG %, [EHIEE @ GIST ORRRH SRR & ER TR
B &N 43:127-136, 2008.

Ando K, Oki E, Sugiyama M, Zhao Y, Kojima A, Yamamoto H, Yamashita Y, Saeki H, Taketomi A, Morita M,
Kakeji Y, Tsujitani S and Maehara Y : Secondary resistance of extra—gastrointestinal stromal tumors to
imatinib mesylate : report of a case. Surg Today. 41 : 1290-1293, 2011.

Gill AJ : Succinate dehydrogenase (SDH) and mitochondrial driven neoplasia. Pathology. 44 : 285-292, 2012.
Janeway KA, Kim SY, Lodish M, Nosé V, Rustin P, Gaal ], Dahia PL, Liegl B, Ball ER, Raygada M, Lai AH,
Kelly L, Hornick JL ; NIH Pediatric and Wild-Type GIST Clinic, O'Sullivan M, de Krijger RR, Dinjens WN,
Demetri GD, Antonescu CR, Fletcher JA, Helman L and Stratakis CA : Defects in succinate dehydrogenase in
gastrointestinal stromal tumors lacking KIT and PDGFRA mutations. Proc Natl Acad Sci U.S.A. 108 : 314-
318, 2011.

Carney JA and Stratakis CA : Familial paraganglioma and gastric stromal sarcoma : a new syndrome distinct
from the Carney triad. Am J Med Genet. 108 : 132-139, 2002.

Pasini B, McWhinney SR, Bei T, Matyakhina L, Stergiopoulos S, Muchow M, Boikos SA, Ferrando B, Pacak K,
Assie G, Baudin E, Chompret A, Ellison JW, Briere JJ, Rustin P, Gimenez-Roqueplo AP, Eng C, Carney JA and
Stratakis CA : Clinical and molecular genetics of patients with the Carney-Stratakis syndrome and germline
mutations of the genes coding for the succinate dehydrogenase subunits SDHB, SDHC, and SDHD. Eur ] Hum
Genet. 16 : 79-88, 2008.

Carney JA, Sheps SG, Go VL and Gordon H : The triad of gastric lelomyosarcoma, functioning extra-adrenal
paraganglioma and pulmonary chondroma. N Engl ] Med. 296 : 1517-1518, 1977.

Matyakhina L, Bei TA, McWhinney SR, Pasini B, Cameron S, Gunawan B, Stergiopoulos SG, Boikos S, Muchow
M, Dutra A, Pak E, Campo E, Cid MC, Gomez F, Gaillard RC, Assie G, Flizesi L, Baysal BE, Eng C, Carney JA
and Stratakis CA : Genetics of carney triad : recurrent losses at chromosome 1 but lack of germline mutations
in genes associated with paragangliomas and gastrointestinal stromal tumors. ] Clin Endocrinol Metab. 92 :
2938-2943, 2007.

Stratakis CA and Carney JA : The triad of paragangliomas, gastric stromal tumours and pulmonary



32)

33)

34)

35)

36)

37)

38)

39)

40]

41)

42)
43)

44)

GIST D43 T RHERTFE DS 165

chondromas (Carney triad), and the dyad of paragangliomas and gastric stromal sarcomas (Carney-Stratakis
syndrome) : molecular genetics and clinical implications. ] Intern Med. 266 : 43-52, 2009.

Miettinen M, Wang ZF, Sarlomo-Rikala M, Osuch C, Rutkowski P and Lasota J : Succinate dehydrogenase—de-
ficient GISTs : a clinicopathologic, immunohistochemical, and molecular genetic study of 66 gastric GISTs with
predilection to young age. Am J Surg Pathol. 35 : 1712-1721, 2011.

Rege TA, Wagner AJ, Corless CL, Heinrich MC and Hornick JL : “Pediatric-type” gastrointestinal stromal
tumors in adults : distinctive histology predicts genotype and clinical behavior. Am J Surg Pathol. 35 : 495-
504, 2011.

Gaal J, Stratakis CA, Carney JA, Ball ER, Korpershoek E, Lodish MB, Levy I, Xekouki P, van Nederveen FH,
den Bakker MA, O'Sullivan M, Dinjens WN and de Krijger RR : SDHB immunohistochemistry : a useful tool in
the diagnosis of Carney-Stratakis and Carney triad gastrointestinal stromal tumors. Mod Pathol. 24 : 147-151,
2011.

Dwight T, Benn DE, Clarkson A, Vilain R, Lipton L, Robinson BG, Clifton-Bligh R] and Gill AJ : Loss of SDHA
expression identifies SDHA mutations in succinate dehydrogenase-deficient gastrointestinal stromal tumors.
Am J Surg Pathol. 37 : 226-233, 2013.

Pantaleo MA, Astolfi A, Urbini M, Nannini M, Paterini P, Indio V, Saponara M, Formica S, Ceccarelli C,
Casadio R, Rossi G, Bertolini F, Santini D, Pirini MG, Fiorentino M, Basso U and Biasco G : Analysis of all
subunits, SDHA, SDHB, SDHC, SDHD, of the succinate dehydrogenase complex in KIT/PDGFRA wild-type
GIST. Eur ] Hum Genet. 22 : 32-39, 2014.

Antonescu CR : Gastrointestinal stromal tumor (GIST) pathogenesis, familial GIST, and animal models. Semin
Diagn Pathol. 23 : 63-69, 2006.

Miettinen M, Fetsch JF, Sobin LH and Lasota ] : Gastrointestinal stromal tumors in patients with
neurofibromatosis 1 : a clinicopathologic and molecular genetic study of 45 cases. Am ] Surg Pathol. 30 : 90—
96, 2006

Yamamoto H, Tobo T, Nakamori M, Imamura M, Kojima A, Oda Y, Nakamura N, Takahira T, Yao T and
Tsuneyoshi M : Neurofibromatosis type 1-related gastrointestinal stromal tumors : a special reference to loss
of heterozygosity at 14q and 22q. ] Cancer Res Clin Oncol. 135 : 791-798, 2009.

Joensuu H : Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Hum Pathol. 39 :
1411-1419, 2008

Yamamoto H, Kojima A, Miyasaka Y, Imamura M, Nakamura N, Yao T, Tsuneyoshi M and Oda Y : Prognostic
impact of blood vessel invasion in gastrointestinal stromal tumor of the stomach. Hum Pathol. 41 : 1422-1430,
2010.

Yamamoto H, Kohashi K, Fujita A and Oda Y : Fascin-1 overexpression and miR-133b downregulation in the
progression of gastrointestinal stromal tumor. Mod Pathol. 26 : 563-571, 2013.

Yamamoto H, Kohashi K, Tsuneyoshi M and Oda Y : Heterozygosity loss at 22q and lack of INI1 gene
mutation in gastrointestinal stromal tumor. Pathobiology. 78 : 132-139, 2011.

Antonescu CR : The GIST paradigm : lessons for other kinase-driven cancers. J Pathol. 223 : 251-261, 2011.

(BEYWD O B, BHFENITY v 7HETERENTVDLHEDIZONWTIE, FHICIVEELZ LD EIREENZSHTY.)
a7 4 =)

e #£5: (REde OTED)

JUHIRSHEEAZ ORBERBERZ TR - JWBLER) . BETE.

OBEEE | 1974 SEFERBIRICAED . 1999 IR AEAIRAEZE. 1999 4 UIH R AFBE A B b 9 e
B R (WHMEEE), 2004 45 E SR BEERE LN AS A & > & — BRIRIASERAR LS, 2005 4F JUM R 505 e
FWELERBY T, 2007 4 [FIBh#L, 2012 £ SUINRER A BERE S ZE B T RERR RE T B2 T, 2014 42 & 1) Bl
Jik.

OART —~ ERAE WEIES, HitiHE, BEHEEICBT 20 REORE LIREE DR, &
W - A OICH. BETREE & LCid, RCIERZZIOEI Z BIR L, TREA V05 ORI OFEER,
HEOBREF LS = =R FREZIHOEAHA TS

OB LY, FE, K HARE




