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Systemic Treatment of the Gastrointestinal
Stromal Tumor (GIST)
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1940 djoll= Stout Hol wtZ3tvlE YAFANA A7]E stromal tumors leiomyoma, leiomyo-
sarcoma, leiomyoblastoma 9} 72 o] FolA % & F 9lRo] HATA 7|9F FUdoE TFEHIA
I ol 1960\ ti7tR] A<=t 19700t ol AR}EAw o] =EHA olF FU4 F LHu
o] FATo o] H3E Hlo] uhaFn, 1980\ Zol] WAzZ g o] EYUEHA o] F
% F B g7 HEZY WdTgH E4E BolA &Fol ¥ A, Mazur®} Clark 52 19834
stromal tumorgh= 8ol & =eHAl =AUk 1990t 2R AF 3] ol F F4e 7Hel o
3 =ao] lolgka, spindle cell#} epithelioid cell type 254 CD34 immunopositivity7} $1-8-0]
g2 A GISTAA Fr] AT F v FAAZ AAXA =HArk a2 GISTS 60~70%%to]
CD34E Jelllx, =3l Schwann cell koLl HIZ Fokd|AE CD347} ko g o= S
7} 3k, oAl GISTY 71¥ol] igt =3 2T o] Fofo] kit wdto] g3 AWA Y2¢
A7E 4A =Yt =, KIT immunoreactivityy 9 AF3-2] 7bd A & Cinterstitial cell of Cajal’ol] 4]
ZoFo] 719S-& ou)gic} weld], o]A] GISTE CD117 antigene 2 HAEH = KITZ7F 4AQ0 A5
2 BEF5)A 5g9ch(Table 1). KITE proto-oncogene?] c-kit®] ghul ALEZ A Eulo)] EAsl= 4
ZA] tyrosine kinase FA-S 7}R 3 9w, GISTol|A] c-kit?] gain-of-function mutationo] FF Lo}
31, FAJ3HE KIT signalingo] o] o] whay gl Aol - Fadt 2oz LejAA =3t

GIST9] A =Eoll o] FL% X4 x5 €3 AAeld. 4R Ne] Adate gl GIST
T "HZAd HolxEle A9t =87 wiid H=ZA HAEL FeA gl 20049 GISTRA
£ A 8sta Aoz 3 A3 MSKCCE AxE Bl Ho|rl gla shAAA7) ol Foizw
807 2] 2hAellA g oA Atg ste] 5 AEEL 54%gch ALY WEE B siFo]
w7 Rolg ke Bk ¥ F4Y AUt AFE F28 AFAARET 10 cmo] e
FE A 4RAAATY o]Fo] FHokE 5d AEE] 20% EHsRAc)

Aol7t AU F¢& F AL GISTol gk X FAH 2w L£3Fsidch. a2t 2 A9H
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Table 1. Immunohistochemical Schema for Spindle Cell Tumors of the GI Tract

KIT CD34 SMA* Desmin S-100
GIST -+ 60% ~70% 30% ~40% Very rare 5%
Smooth muscle tumor - 10% ~15% + + Rare
Schwannoma - + (Antoni B) - — +
Fibromatosis Disputed Rare -+ Rare —

*SMA, smooth muscle actin
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Q) tyrosine kinase Z3}Al°] STI-571(imatinib mesylate, Gleevec, Glivec)o| GISTol tha}e] E )0l
AAAA =HHA o] F4o XNEE MEZE AVE DA Sk ARE Hol4 GISTA X8 &
STI-571 £¢] A7t 9] 32 o] A Bl

Before STI-571
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GISTo) ot B0z 445 FUA) TE oA AT oSt oA 1S
o] 10% olst2 ol Mzsic). GIST/H VL% TR Zo| AT Yolx 2 Bk o] Fof
A R QAR B d2A5F AAE AR skgly) wiEel GISTE YAl 24
& Wrlhe Yol 44T gb ool AW FVTFFTOR BFAYY URE FUEE

GISTeh2 7443ta o5 ATATE PANLH st F72 FLAN A% WSES 0~15%

I8 2R A HolT YrkTable 2). YY ATIAE GISTE FLTEES FHabe] A
FA AFE APl =], Mayo Clinicoll4] A)3§%l o Fol|A]i= dacarbazine, mitomycin C, doxo-

rubicin, cisplatin®] 533t HE AWPE o, HETHFFU Aol dbEEol 67%% ®bH,
GIST2| Zfoll= 4.8% E£3sldrt. ol& Kol GISTE 543 FgtAlel g2 & A o7
el o] 53 PHAE o] F4Y FEXNEE Y = Yok GIST Al dE =3}
A& o] Fakol| A p-glycoprotein?} multidrug resistance proteino] =& ®HIEZ W 7] wfiEel Ao

2 A= de

Ir

2ol AMEG GISTS 7%, £44 AAlolde] 24Uz PFAT YE 27N Fesete

Table 2. Response Rates to Chemotherapy in Patients With Metastatic GIST

Partial Response

Regimen

N N (%)
Doxorubicin+ DTIC 43 3 (T%)
Doxorubicin + DTIC 4/ — Ifosfamide 60 10 (15%)
Doxorubicin+ DTIC -+ Ifosfamide 11 3 27%)
Ifosfamide + VP — 16 10 0 (0%)
Paclitaxel 15 1 (7%)
Gemcitabine 17 0 (0%)
Liposomal Doxorubicin 15 0 (0%)
Doxorubicin 12 0 (0%)
Doxorubicin or docetaxel 9 0 (0%)
High-dose Ifosfamide 26 NR (0~8%)
Epirubicin + Ifosfamide 13 0 (0%)
Various (e.g doxorubicin, gemcitabine) 40 4 (10%)
DTIC +MMC + Doxorubicin + CDDP 21 1 (5%)

Total 266 22 (8.3%)
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Ho| Alxxo] gk=dl, cisplatin?} doxorubicin® 4831 A ¥ doxorubicin®] -§% Q) mitoxan-
troneo] B zZ o) W] RAEI £ FTLFEE Bl AAo] Ul wiEol wel AEE
ot 7+ Aolrt Qe A F-ole o3y HTol AA ATl AE FAE EPATL Bdut I
49 el Aol BRNE mitoxantroned FUPE o ALAAL] FF A7kl SHBIA 2170
92 = Ak Bavt 9o, olgigt HFo] Fako]l ¥l F3d AdME nNE F
gE A2z A4a
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GISTE HERYA Fdol7] Wi, 7+ ZHol7l U= GISTIA A 75 HHE afH A
XA 287 2 5 o)k 7+ "olrl 9= GIST 3} 1490l A] cisplatind} vinblastineS- o] 831 7}
Y HAEE AP, 109 2] AlollA SAY3UNL7A A &s= FEBNE Bk = o
£ 97ollA = cisplatin, doxorubicin, mitomycin CZ o] &3t 745w MAEZ 1199 Iz 5 BB
3 13%, 29 69%°) WSE WolFEgrk. EW Mgl EHE Rolx slMo] T Aol 29
2 qEAe Ado] v] 4= dEUA ohw FHE FFo] AEI] wlEAAE HEA
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After STI-571

1) GlivecOlgt 221717

1998130l Hirota 5o] GIST3FR}F 59l AlA] c-kit proto-oncogene®] exon 11} mutationo] Q18-S
wEs e, = A3 tyrosine kinase2] #Ao] Z7}E|E gain-of-function mutationo]lr}. whalA],
KITS] #4317} GISTE] WhAell Fo3 A4 Y Aoz Azsidw, KITY 757 £& X84
ol I F & Aoz dFh

STI-5712 A &}& 9l tyrosine kinase 73} A& ber/abl, PDGFR, KIT2] tyrosine kinase 243 A€
Moz ofAlfh STLSTIE berjabl P4 WA T4 WEA FAE Hast g8l WA,
20000d vl FDAOIA] WHA E44) wid o] 7147 9 FA7ld|, 22z A HE X Fol] Aalid
urA 1ol A 8ol A& BA Sl
ol#3 Aol Fho] STI-571-§ GISTY] X Foll A&ataal st AR o] w2 A RsP= o).

2) GISTYl tH&t in vitro study ‘

Tuveson 32 GISTollA9] STI-5719] AHE dolHr] $Js}ed, ckit®] exon 11(juxtamembrane
domain)ol] mutationo] 9lo] ligandQl stem cell factor7} glol% KITS) Q1At3lr} Uojil:= GIST A E
FE ol&3to, STI-571¢ Fofsla 1 o3& Psigivt. 1 A3}, STISTL $o] 1417 ghol] KIT
o] QA3 FAs FaEAa, A Helle A8 gloizivh 3 0.1 mol/Le] STI-571 Sl
19 kol GISTAIES] Z4lo] ojAlslx AEAEo| Aolgg WS o] AFE GIST ol
A STESTIO] ABAAE PHE & YL T AT2A, o F YRAUE Agelenl Toy
o2 =A% vhadsl Flc

3) HHM &Xel MBH xR

STI-571& o] &3 GIST 3xte] X g2E 20000 2¥9 HAA/ oA AZ=Ech AL 504 A2
At Eatol]l A7 GISTE A B3, £4& e o] ¢ Aol Awsle] o]F o7 Hel F43F
Z A2} doxorubicinfifosfamide/dacarbazine-g o] 83 7x}alle] A X7, 28l 5 o]L thalidomide,



B . O Systemic Treatment of the Gastrointestinal Stromal Tumor (GIST) 57

interferon- 52 X 2o} A APl Asloldut. A FFL ckit FHA exon 119
gain-of-function mutationo] i}, STI-571 400 mgS =Y AT FosdA=wl, X5 AR 25 30
MRIZ 41%2] Z9k =719 747 93, 6/LdAE 70%, 14709 o] ol 80%0]4He] F
2719 Za7d AAck 7 Fol® 28719 ¥4 F 63X A LA B W2 A
A okgkrl X8 45 Zo| XY= PETAANAE F43 metabolic responses HE.g 3 X139
2 ZARANAE S AESL A3 2oz dAE A BAT T Ui

4) H 14 AMAIH
van Oosterom 52 GISTo|A} 2] STI-571-& o}&3l 14 AAREH-S A3Pstgd =, 3699 2] GISTSH
25 X388k 401 o] X =2 8-E3kAl oA GlivecS 400 mg s}5 13], 300 mg 3}F 23], 400 mg
F 23], 500 mg 35 23]9] §Fo T FoJels dff, 500 mgs F 23] Fof bR 57| A
oA|A] grade 39] 24, FE, ¥F, ”LX]«] £F A 4L Bk 35 800 mg o3}e] FollA
= H]'\*} H2hgo] AR, 23 JHed AEYRR =EA &% 2ol g =i T4
T4 g8y gkxle] A9olA BHed A F5 AAle AL HolA Yt X gl wE S
% AH B, GIST3A= 48 & A BE Zatolld] Fgo A4 AAIE Eedl, 199¢edA=
PRV, G 0%l $ 718 Ak £AE B3k SR Thol A3 27
F ugeld 49 1AE Bk

5) M 24 AAH

olglgt 14 U APZANE EUNZ Demetri 52 FA9, nluid, drl#e 24 d4AEE A
stk AR BrlEslAL =MolA o] GIST 3zt 1478< iAo 2 STIS71 400 mgd 600 mg
o2 uwjAste] 1 ubES Hrledeh 1 Al Table 33 k. AAl 3hA4e] 537%7F PR
279%7} SDE& XoiFa, PD7t 13.6%%th b5 Holedl 714 ZAd HF Ak 135493,
46% o)A Hle e A<LE|g o} o}F HFL R LA|7be Fekzlolly E=2slx] Ealglch Fig. 14014
HXol 1 AEEL 8% F BE Fole obF =dslA X3kt 400 mg# 600 mg- 1
oA FAAH R Fo3t Holrt glgieh BAEogE B, o4, AA, 5%, &3, F
% 5% *—°1915’— o et 78591‘:} Grade 3, 49| 3282 21.1%<14 Jg=d 7B A3
FA8-2 5% AR A e EPRUEe 8ok

6) GISTUHIM EXRHo2 M| Glivece| &t

Aol4 GISToIAS a7l YZHY T, GISTAA 45 AAl ol Foll A% At A, 27
I ZaAQl sekAle] BHAlS el o]8-2 GISTiHA oA STI-5712] adjuvant roleol] tidh s37}o} x128
Z-o]t}. ACOSOG (American College of Surgeons Oncology Group)- 10 cm 7], tumor rupture,

Table 3. Response to STI-571 in patients with advanced GIST

Best response 400 mg (N=73) 600 mg (N=74) Either dose (N=147)
Complete response 0 0 0

Partial response 36 (49.3%) 43 (58.1%) 79 (53.7%)
Stable disease 23 (31.5%) 18 (24.3%) 41 (27.9%)
Progressive disease 12 (16.4%) 8 (10.8%) 20 (13.6%)

Could not be evaluated 2 2.7%) 5 (6.8%) 7 (4.8%)
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Fig. 1. Overall Survival and Time to Treatment Failure for All Patients.

multifocal tumorE 7}A ¥ T9 GISTE AL A AAAA ol STI-571 400 mgS vl 1A7F A
L35l 24 JAAYS R8PS0 3, =3 highrisk®} moderate-risk (>3 cm) 3AE 4o g STI-571
400mg& 197t Ag3le 73 g Adsts F2o2 o] 34 dARIES AgFold

3k RTOG (Radiation Therapy Oncology Group)oll4] ¥ neoadjuvant® AH-£% STI-5719) f.3ol o
g 24 JBAEE Al Fold.

7) STI-571 AL20| UM o1F SHA=X et2 H

KIT-activating mutation2 %} 2o} juxtamembrane domain (exon 11)ol|x] A7|& Ao Z HIEY)
Z)uk. o]& extracellular (exon 9)u} intracellular (exon 13, 17) domainol] 4] 2] mutationo] X 3% it}
c-kit®] exon 11 mutation® <} 57%7}ekollA] WAL 9}, exon 99} exon 139] mutaiong BF XL
s oiE 85%71koll A mutationo] WAl o3 KIT mutatoin®] F7F7F 484 7o,
STI-5710)] tidt Hb3-& olZsle dol Fasida Eagdel 9o, obxe =39 A7}t glof
DR FH o7 By o2l Aeoltt.

Qozol Mg

o)A STI-571& AA Brl=slAvt Aol e GISTA first-line treatment® Al Folrlal e
ol, olol] HIS-& Heolx 4R A ¢ HAE 2 & 5 7T, stable disease2)
HHS-g Hol Aol disease progressiono] & wi7lA] Al STI5718 AL 4 zlch. =3
STI-5710)] sl WFS-31RA] ke ZSell= 2 59 ALsoistd A3 Wy E, F, 59 43
solu} A 23+ A AAlg, B d¢A X8 & 2y & F JAh GISTAA <&
< A3 M F2 Ag3ubgelAY, e A AHYao® wE FE F EZQWoeE STISTI
£ A&t o U A3AEE BY F JA =z JldEd ey STIS71E o= AE9
£F0 2 o 7|7Ee Aol slEAl, Ll c-kit mutation®] FFI7} of]Foll o JgE ]

AR dalAE ok HUH uir glo] $F ¢ WS ATt Bestele oA



Y . Q0 01: Systemic Treatment of the Gastrointestinal Stromal Tumor (GIST) 59

10.

11.

12.

[

51

MO

o

Demetri GD. Targeting c-kit mutation in solid tumors: Scientific rationale and novel therapeutic
options. Semin Oncol 2001;28(5, Suppl 17):19-26.

van QOosterom AT, Judson I, Verwell J, et al. Safety and efficacy of imatinib (STIS71) in meta-
static gastrointestinal stromal tumors: a phase I study. Lancet 2001;358:1421-1423.

. Joensuu H, Roberts PJ, Sarlomo-Rikala M, et al. Effect of the tyrosine kinase inhibitor STI571 in a

patient with a metastatic gastrointestinal stromal tumor. N Engl J Med 2001;344:1052-1056.

. Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and safety of STI-571 in advanced gastro-

intestinal stromal tumor. N Engl J Med 2002;347:472-480

. Dematteo RP, Heinrich MC, El-Rifai WM, et al. Clinical management of gastrointestinal stromal

tumors: Before and after STI-571. Human Pathol 200233:466-477.

. Fletcher CDM, Berman JJ, Corless C, et al. Diagnosis of gastrointestinal stromal tumors: A

consensus approach. Human Pathol 2002;33:459-465.

. Miettinen M, El-Rifai WM, Sobin LH, et al: Evaluation of malignancy and prognosis of gastrointes-

tinal stromal tumors: A review. Human Pathol 2002;33:478-483.
Plaat BEC, Hollema H, Molenaar WM, et al. Soft tissue leiomyosarcomas and malignant gastroin-

testinal stromal tumors: Differences in clinical outcome and expression of multidrug resistance
proteins. J Clin Oncol 2000;18:3211-3220.

. Andersson J, Sjogren H, Meis-Kindblom JM, et al. The complexity of KIT gene mutations and

chromosome rearrangements and their clinical correlation in gastrointestinal stromal (pacemaker cell)
tumors. Am J Pathol 2002;160:15-22.

Longley BJ, Reguera MJ, Ma Y, et al. Classes of c-KIT activating mutations: proposed mechanisms
of action and implications for disease classification and therapy. Leuk Res 2001;25:571-576.
Heinrich MC, Blanke CD, Druker Blet al. Inhibition of kit tyrosine kinase activity: A novel
molecular approach to the treatment of kit-positive malignancies. J Clin Oncol 2002;20:1692-1703.
Tuveson DT, Fletcher CDM, Singer S, et al. STI-571 inactivation of the gastrointestinal stromal
tumor c-kit oncoprotein: Biologic and clinical implications. Oncogene 2001;20:5054-5058.



