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Abstract

This study investigated the clinicopathological features, molecular subtyping, detection technologies
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and treatment progress of wild-type gastrointestinal stromal tumors (wt-GIST) to provide a refer-
ence for its precision diagnosis and treatment. Approximately 10% to 15% of gastrointestinal stromal
tumors (GISTs) are wt-GISTs without classic c-KIT /platelet-derived growth factor receptor a« (PDGFRA)
gene mutations, which exhibit distinct molecular mechanisms, clinical phenotypes and treatment re-
sponses compared with mutant GISTs. Next-Generation Sequencing (NGS) has promoted the improve-
ment of the molecular subtyping system for wt-GISTs. Based on succinate dehydrogenase B (SDHB)
immunohistochemistry (IHC), wt-GISTs are classified into two major subtypes: SDH-deficient and
SDH-proficient. The former is driven by metabolic reprogramming and aberrant epigenetic modifi-
cations caused by loss of SDH complex function, whereas the latter is mainly characterized by abnor-
mal activation of classic signaling pathways such as RAS-MAPK. Surgical resection is the cornerstone
of curative therapy for localized wt-GISTs, and routine lymph node dissection is not recommended
for SDH-deficient subtypes. Conventional tyrosine kinase inhibitors (TKIs) show limited therapeutic
efficacy, while novel targeted agents such as olverembatinib have demonstrated groundbreaking ef-
ficacy in the treatment of SDH-deficient wt-GISTs. Imnmune combination therapy and CD36-mediated
metabolic targeted therapy have emerged as promising new therapeutic directions. At present, the
clinical management of wt-GISTs still faces bottlenecks including incomplete diagnosis and treat-
ment strategies and the lack of effective therapeutic approaches for some subtypes. In the future, it
is necessary to conduct in-depth research relying on multi-omics technologies and further improve
the precision diagnosis and treatment system for wt-GISTs.
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1. 51§

5 )17 (5] )93 98 (Gastrointestinal Stromal Tumor, GIST) & [ Ji7 18 & & 0L (1) [ rH-J5 14 1987 » ¢-KIT 5 PDGFRA
LR D REFRAG M AR R HAZ O R AL, HF 10%~15%[K T8 ik 28 i 98 A8 gl s O BT AE RS B 1 18] J5i 98
(Wild-Type Gastrointestinal Stromal Tumor, wt-GIST) [1]. wt-GIST [ FHLHI. IGARFR I IIGTT N5 5
AR GIST Z R BE, RIGKSITIE S SHE . B AR ¥ (Next-Generation Sequencing, NGS)H Al
PRILA, wt-GIST 4373 BUZET A, 32 E2E0 5 3 IR i ZUH% (Succinate Dehydrogenase, SDH ) |
RAS/BRAF AR | fH A1 4598895 1 % (Neurofibromatosis Type 1, NF1) /& JU F B AE AIZE WAL, %0 A B A5
RS (R R 95 BEARFAE 5 2E 02447 N[2]. 48T wt-GIST 297 I AEAE 18 2 A 8. 1% 4 198 2 R SRl e 400 1) 7]
(Tyrosine Kinase Inhibitor, TKI) 847670 N 2 HAK, A7 BRAF/RAS FEA8 AL S AL [m) 461 77 A
R, SDH il 5 U = B A Rk = A 0BT B 1] MAIISIT SIS MR 5L, 7r AR IR R AT 75
e, T NGS FARME KO8 290 RV T R AL 1 OCHE SCH¥ (2] AL RS wt-GIST 1
IGARIRERRHE . 0 8. R R EoR i, NHASHESIT IR IE S,

2. B4R GIST BIIGERRIESHE

wt-GIST [l AR BERFAE B A 22 R S i ik, 5 R0 GIST 25 W1, AN[F) 70 3~ Y RS IR 2%
DEE, D9l R 75 W B 3 AR A
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2.1. FATRRFHHE

wt-GIST AT R ZAT MBI . 08 S ISR R, 500 B AE R, 59988 GIST %57
REB] ZMEEN AR ZER, S EREERHE, SR T HE LS EFERA4]: RRTRAL
PLEAE, HUCH N, 5B RS R AR 10% [5]e AT IR AT S E 5% FLps S
[6][7]: SDH #FEMY 2 wt-GIST & WA, &F K THELMEBT, £ 22 MEME; BRAF RAEH
UM RIRZ W, 3G E; NF1 AR GIST ¥ N2 IR AS, 5 & 41 4585 % UIH 5581
2 FR wt-GIST KR H 2% ETF, FEIHET NGS FiAR K R K2 WibsitEse 35, His(a) (1) 4L 55 A 2 R AT 75
KAEA BAF I FE B0 ALE o

2.2. IGRFRI

wt-GIST ImRF I EAT WAL 7 i, i FHEIRE R, 28083 MR R RN & 2P, iy
PRIZWr s G B hEtk . fA8 5 Mo TRl S5 (5], 28U E DIHALTE i v AR, K08 1 H if vy 4%
RAPEETT, RN MK AR R A N R R F IR B2, ] 51 K sl . SDH
GRRE A GIST B ImTETE, (Hibk 4 Jom A 2 5wy, 50 il & 3 Camey —HBX{EEL Carney-Stratakis £
HAE9]. NF1 AHRA GIST 3% Z AL RE & - 4Eya i W AUARAE, iR 2 4 vE Baf R T/ 10]. DY =B A4
B GIST B KIFRMWR, Wkt 2 T B, Sa250npit ik, B G, RGBTk
HIR[11],

2.3, FREBFLASHHE

wt-GIST 5 GIST £E KARLE ) . HE %R K 5 KA TT THAFAE I 22 e[ 12]. KAk B2 il
FHEUHE W TIRE S SR, I BIRIEMEAK, BAR 2~15 om A%, BORMEE R I, KR
HY., SDH BT FEMEAR o A= %8 B 2 T [ 13] HEVE R ARIEARAL, B A iEA %Y, SDH
B R DB AR AR A, 5 I ERIRE[13]; NF1 AHSCME GIST 46 K2 BRI R, 1a] 5 & £E/ 0
TR EAIMRE[14]; PUEBF AT DIRA R 2 W[15]. %)% RA -, DOG1. CD117. CD34 Ji%.CoBH b
EW[15]; SDHB fH HRIATEAHR KL SDH IR FIRHEMESR &, FHUBRME R R E31L 95% 0L |, 2
%R A A vE[16]

3. FER GIST FEHTFE R B %O ETHHE

wt-GIST LA SDHB G HALKE M NIZ 0o & T B, S BRI 5 80K, 173y SDH 8k A1 SDH
IIREIEF PR, %0 T IR R A MR (I PRAFAE S AR L], RS HERL R T S fit 1701 286l

3.1. SDH Hp&E! GIST

SDH #R[ER! GIST 25 BTy wt-GIST 1] 50%, 2848 GIST H e AR MR WIKS R, HA%
O FhrEHN SDHB B HEIEGA, H SDH HEHAHREER 75 FE(17], IR THFELEDFENE, &
P2 W, GFRMALEE T, HEASEKR. BRI, S8Ry SDHB B HFRIARRK[18]
[19]. ZV R EEALRE SDHx IR R 27487 . SDHC J3 51 H 340 A Hoflh SDH BREEHLEI =2, HAZO
KM S SDH B AR ThRE ek S8 E g MB BB R F[17]: © R RS HIFla f
5€: SDH E&AThaeshk SEISARR K EM R, HEmmh] oWk BRIKH XN AR, {f HIFla f2ER
IK, WO T U R DR e I A RN AN I B 17] [20]; @ VLB AL 45 58 . BRIAER v i) DNA Al
YR 2 AR, SECEE A m AL, AR R SRR [20] [21], 5 SDHC A3+ AL
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BRI, FE— R R E[20]; @ IGFIR 15 SIS ZIEEAE 89% M5 2k Fif[22],
3T PI3K-AKT A MAPK Gl EHE MR, H5 HIFla TERCMNEIIREIHLEI17], 1% AR G740
Ri[22]. b4k, SDH FEF DhREHEIE 2 SEAMEE BT ZEL . FALNIER T A5 5 WS = 5 S 123] .

3.2. SDH IhgEIEEH GIST

SDH MREIEH % GIST Bl SDHB %% ZHALBH ) wt-GIST, 2T ML = B K HoAth (5 5 18 1 52 i
W, SRAEXTFEIL[24]: @O NF1 FHKEHE GIST: RO K WHLEE NF1 B D) 583 e R A8 33 RAS-
MAPK 3l # R AL 0G5 [25], #8018 £EBE NOTCH i % 948 sk Ye (i R B ok, 30k — A 18 g iR 12 28 14261
GRS, %R 2 N2 bt tE, FRT/ANG, 8RR E IR BT R[27], T EUR M wt-GIST
AT BEAFAE RN NF1 28745 [28], HAEHALS TKI BT T RCE R, 697 R m[29] [30]. @ BRAF &
AR R GIST: LA V60OE Mt WARAEZKA[31] [32], HAZO A ImALH] 2 BRAF V600E RAE{F BRAF i
FRELUOE, HEEBERR 1L MEK JF80E ERK, J3 ShiGEAH IR 5%, 53 RAS-RAF-MEK-ERK 15 5 i %
FEEEAL, I R 40 i S BB [ 29] [33] [34]. 1% 5 5 KIT/PDGFRA ZRAAH H HER[33], MAPK i@ %
BORFEE R E ST KIT RAZA! GIST [31][33]. @ Rl HERF KA GIST: CHkIE &2 F a4 ETVe-
NTRK3. FGFRI-TACCI1 %§[35] [36], #%:Co A IpATL i A2 -2 25 DK G R P 8% 5 B 1 T P 2Ll P 8 P 58
B, WO PIBK-AKT F1 MAPK JE s, BRANMR A AR RE[35] [36], #0439 51 % Fik-E 25 DRI 00 ) 770096 97 UK,
FEAZ Y R T RE N [37]. @ DUE AR GIST: Z I AE > KIT. PDGFRA. SDHx /% RAS ifi
HEIEARAR, Hor 7 URE AL H AT R BIR6[22], PR B A e O R, k2 LT B, s R
FORGIERED HeRE AE, REHBGT IR M AR 11].

4. FFER GIST NEREEMFAR

wt-GIST [ 4> F 2 Wi &R UE2 T RT3, A IRRE 75 e HERR 248 it KIT/PDGFRA 248, Fdt— 5
WAL, KM HAR MAESG K Sanger Ml /F . ARMS-PCR %45 & Ji# AL NGS NiZ0, 456 H Fb 7 PCR.
BARTEASEEHT MR Z ek R, AR SRS HEME AR Wi T+ . AT BE4el GIST B BT S & KIT

A 85% LA R IAEAY GIST [38]: A4 H AT IIFA 7, FLw B sIG RFFIESE /R wt-GIST B, #E A 7AY
Kl FE[39] [40], 2023 4 GEIS f8mWIHAHETE CD117/DOG1 BF 1 A SEALUR 1] 06 2538 3 437 A8 I At A
KIT/PDGFRA R#5[12]. Sanger ll[7>5 ARMS-PCR 246l 5EAt, HAFIEHEAE: Sanger Ml 7k LU 42
RFRERAR, PSR, HLIGVA I R il 55 B2 2% S #5121 [40] [41]; ARMS-PCR X RSl 7 4 #4
M, BRI 9RAE[30].

NGS HAREM 2 FEF AT = REUE &) EEE, BN w-GIST 4> T2 Wi ey ig TR [42] [43].
SEHil4k panel AT — R VRGNS . 48 DU e 4%, BB IRTHZ MR [38], gt THEEE W
FRE[12] [44], CREFHIE KIT 4R MERAR, Nt 2] B E SRAEIT kIR [45]. tboh, FEALERE = 1% PCR.
FEMERRIN 7 SDH i e 7L 1) B B AN FAS I T B[ 12]s WIS RNE H T VR RV SR EAR e i & 3, B
AT REUBERAR[38]s H4H I P mT AT AR S ik, DRI RROA B i) V2 S [38]; [68Ga) NeoBPET/CT
Iy F RUE AT i B SDH Sk Fa AL 2 W 5 R 97 Tk [42].

5. B4R/ GIST BT R
5.1. FRETT
FARYIGE A AT PIBR wt-GIST FIFR A VAT #Z 0, T AESZEL RO VBRI [ ) S 2% B Thae LR BE [46] [47].
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B oRVE wt-GIST MR M BARIE A B TR M SRUE VIR AR B S S VIR NIRRT I AR B
Wi, HEAEAT I B DI B AR IR A X ik B 45 SR [46] [48]. SDH BRFE Y GIST ik B 45 3 % K ik 20%~30%,
B2 OB LIRS M L T R B G AR TS, ST 3 I ARE & A 26 [49]

HATE WAL AR IR AE R, R RIS NARET: Carney ZBRIEAHK
I 19 75 RIS HEAE P A A4S, DA EERT 2 2 RH R R [50] [51]. AJSHEBIATT TN R B [46] [47]:
KfEBFH LT RWIGYT, PaBEERIEEEIT L, EEREEEKE 34, smula2inir 3,
e v R 5 4. IR TT AW E IR BB e, (0 SDH SRIE AN HyT RCA TR, R MM 10%
FAA[23] [52] [53], &F)e B eSS 2RI R Mk = i 2O R P SRR [23] [53].

5.2. $R[EIFRTT

5.2.1. LAMEEHE Y %088 r O i S BE BEE HD 51551

I 2T R 25 DAL AS 9 R AR KPR T 2 A (VEGFR) I /INRT A A K R 7 324K (PDGEFR) A A% O
B, T ) R T A I A s BELIT R A M R SRR, R I R A R U R R A, R
KIT. PDGFRA S5 AH Gt vl 7= A — g (AR, 8 Tz e i )i s b s 259(54] [55]. #FJ8
B JRAE N — AR i 22 S A BRI A0 1 S TK) , 5E%% RIS /E A+ VEGFR1-3.PDGFRa/A-KIT FLT3.
RET 252 R, £ 2N H T 5 & BT 5 BN 20 s 2 e i 3 . s AR R B Rt 547 )8
B BB EAHLE, X VEGFR. KIT. RET ALK RAF FGEEE ) B & s e, B ILhum e & sk
B 52, nK 3 ZH TR TKLIRYT RIS (M) GIST Ja 277 [54] [55]. 1ZKZ 4L i Hibie
LI IS TG 75 S ik 88 200 A7 AR R 8 R IR BN B R R A, HR T %O BARTE TR 8= hl s i e . K
B TCHE R AT, (BIGRHE Fe R, Xt dE KIT/PDGFRA 58280 R [ il s, 97 25l o oA TR,
M DL 21 BEAR BRI R [55] [56]

5.2.2. x4 R EEREEREZSY

BEE 7 T BUE R AW 523, 4H%F GIST ' FGFR fii 4. BRAF %845, NF1 #tffi. SDH s/
LX) V28 (1) S P L ) 2400320 1E NI R 2

FGFR2/3 fili& 8B HE () GIST, FGFR 53 VE i F 2 A% 0V 7 18 5 1228 25t 56§+ M 45 A FGFR
PRGN ATP 4561048, A RUPE W I MAPK/PI3K 15 510 B (1 5 4 Wy, b i # il friRa 4 i 34 . 4228
SO HE MV AR, SRS TKI I RUR AR %S 24 37284 R 30t PR ELAS e B R s PE[56] -

BRAF RAZWA GIST, LA BRAF V600E A2 AW W, % R4 A 38 RAS-RAF-MEK-ERK {5 5@
BEFFEATAG, AEHE MR A S B G TE[29] [34]. LAIAH AR J9ARFR ) BRAF et a7, rrRsHEss &7
HIHIRAZ R BRAF BRGETE, FHWHE S RwE S, W RESUMRIEN; GRS E S, BRAF #ii
FH 5 MEK I FBCA R, AT BT HRT T 720 RN BOE Mgy 25 e R A, e — e s
HEAELER29] [34]. BEAb, 4EFAERAE NS —2 BRAF #I7), B2 AR 43R, Riv IR S2591
BT RN, O TE BRAF V60OE JAZAY g il st BAA R EIT 2, AR GIST St 7 2 ufuih
T HE[34]

NF1 SRBEA GIST A& 5 —JREE N LIRS, NF1 ZEEThREHAE ] S5 RAS 15 518 B 7% %
5, AES IR R AR R, 2 B F AL S TR IR TIT RCA R, J097 M B0E[29] (30]. HAT, &% NFL 6k
FaZ! GIST MIRERMEEEMEIT I RFELIRN, FERET RAS 15 S5 IE B AHCHE Sl A A&, Horp
MEK #iil57 CEI H — e a7/, sk i MEK S5 1, FHWr RAS-RAF-MEK-ERK {55 1H
PRIEAG, TIPSR A M G 5 RN, G HAREE R 25 a7 7 R AR R, AR PR
A B R YT 3R 71 [29] [30].
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5.2.3. SDH #f&& GIST SR EERE R(HQP1351)AIIATr =K

SDH kR %4 GIST LA SDH W #.£7(SDHA, SDHB, SDHC, SDHD) 5 AR Bk 2 % 004> TAFAE, 7 S5
BEHIRR AN HIF @GBS LR A SRS ES, D8R, fFe8 RS~ES TKI 25K i 24,
BEWG B2, 2 GIST ImHRIATT I B B 5[ 18] [23] [34]. H7R B % JE (Olverembatinib, HQP1351){E v
—ARE R B, HAERNLE 54559 TKIAAEARTRZE R, @il 2 4 E R HEE % SDH #Rtfé
Fowitzly, AROTRES TKI R, BOZ ARG IT ) BRI 23] [57] [58], & %0 X il X B 2
BIRIEMMEIIT: © 144 TKI (58 54+ T KIT. PDGFRA Y, VEGFR, #%CoE 2 BELIKT iR g/
FHIEGYE(S S, (2 SDH S GIST AR HLEIA KB RA, FEUES TKI Toifih J 1% A 1)
Btz HEMFEA AR 29[ 18] [55]. HEER B e B 5 )iz HAM X MESE sm 80 fily, AN AT 32K
] VEGFR1-3. FGFR1-4 22 MLy, T Re ERAEH T SDH SREE RS FIAZ L BU% 701 HIF-1a/2a, MIE
Sk FH TR FA TR B AR 51 R I B AE S 5 B R R U A e A PR S S A5 ) S B L AR HE B B
HFohe s AR AT HIH] CSFIR. DDRI1 ZEARAM &, i 2 80 2 U R TR BT AR 2408, X 3 A5 40
TKI 5 —88 S E AR E[23] [56] [58]. @ 4&4t TKI (X e BHWr L — Mg G sl i 8 A ief5 S alieg, TRiE4 Ik
SDH $l [ 51 & AR KL -5 S oA B i, M LASEEL A LR R 18] [55]. BELTR (L8 JR I A X —
JABR, I “AES - AR - T =0 — R A R S5 @EE% 2, FPHE VEGFR. FGFR 4
SR A RS 5 K KIT. PDGFRA /1 S IS S, WU s g 4i i A=K 5 5 A . DI igg s 77
BER . RACHH R, R EIHI IR R EE 1 CD36 ik, 2UIE SDH Bis S EU g A R 4w,
DI g A P A MR i AR 25 . kI BB AR, AR & B R 3 5 s S WO R T, i )
CSFIR f#% Mg Al o EELNAR(TAM) R BLFE 4, Jd/b M2 B I8 BN IR, 0 5% Gu e b A s, 136
SRATLRBUI R G N2, SRI “HEMYAYT + Sle s REMN, 77 R TR R [19] [23] [56] [58]-
® 4t TKI H%E KIT/PDGFRA 7EHF &, {EF#E S5 SDH SkEER GIST HIEURHLHITE Bk, Toik
EFXTHRHIIR B AR HIF JEERIBOS S O BUR A T RIEIE R, XMERLA sl m (18] [23]. HWEREEEE
B AL S8 TKI B R AR, AFET KIT/PDGFRA $E 5, 1At B3 #E 5 SDH BfE N i 80mAy, A
FEGRIAMR & 5| A1) HIF J8EE 70 WoE . MUl e S s i or s 55, @il 280 . 24 IE
VA%, MARIE EBEWR A K R I D4R, A ROEIRZIE RO E S TKI R R VRN 2, SO AR
SDH #RFE R GIST MIASHIATT Mg, WoZUREHEIR T He 6t 1B g (23] [57] [58]-

5.3. HAthiaTT RE&IRER

wi-GIST iR RAS AT AR, SR 2 AU ) B 24597 A BR[S3] [59], {H SDH Bk B 3% RIBEHA
TR & ARSI R A 5 g%, BT R B Be e S g R G SR P IR IR PR 3R 25 28 40% [60], PD-1 HUiRBR &4
B ST Ry R K AR E[61], CD36 IS5 PD-1 HiikBE & 16T Tl BT 78 2
R FEIEFI[60]. SDH A wt-GIST 7775 2 AR AR B 2L, CD36 79 mydik 5 2R 4n fuxt 4
V5 R A0 i FE AR, X —RRAE DA N 4 22 TR S UE S [59] [60]0 &HRX — MR RHHLE], TR &
HH(Fatty Acid Synthase, FASN)I#I71 (40 BF] E4ih) . CD36 ¥ 78 F HLARLE SR AL v R H 5635 A iRe
bR R . H AT E bR _EIEAETFRE CD36 #7747 SDH BREEG T wt-GIST (1 T Wl A RS, #1245 B8R
SR AT AT RN R B PR, SE SRR RE[60]. X —YRYT 7 A SDH S wt-GIST #2417 4
BRIT RS, ARV AT B E AN A .

6. REERE
wt-GIST {55k GIST WA, FA IR, Hilm AR B AL & 70 LS5 AR GIST %
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FRE, S0 T AR S SUREEKIEAAE . SDHB %44 & NGS HARMS) T wt-GIST 4 14>
MR RN 5ERE, Kl CIEEL NGS %L ARG ER SHMEA TR 2 ek & 1697 L E TR
TR BEANARIT AT B SRS RN TSRS R, T AR SRS 1 MR E A L 2R Bl TKT
M P S 2 G 1 R T, B R JE S A A 25 4E SDH S B JEBL RS T R 2T
I3 AR BE 7] SRS AR A0 5T

FIAT wt-GIST 297 /3Tl i 2 st U S8 A R A 0 Y F) 7 5 SR B AL R W, A > I B = A
BEaTT FB 88 TKI X 250 wt-GIST I 2CH R, B 25 W B I AL 22 08 /MEASAIT 7t sl PR3 B B
T T AT R S SRR EEA RS 5T, vRg 5 Bk o2 W SR T oRpbiR . ROk, @K
B2 HAEARTACS MRS THLHEIBETT, 2B TR R B8 TRE R, HESIR I B PR L
SIRARNA; TFRAFEA. 2 Om AR Ss,  Biibg R 25T 2.
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