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Fig.1 General Process of Preclinical Drug Development

O M S R K. BEAh , ST 20 AR TR FH I
AT TR AR B, TRl D By 7 S
— BT AL 25T AT IR A YT 25 R kAR
T 24 ) 5, AT LA B (8 T R . v [ P i 24
J2 H AR — B s, B A Wi el — £ {5538
A BB SR A% e (k] ) Hh B A PR i D 4
Fetads. ICRZEIPHLHIBA IR T 1E 5 A4 R G AR EE
{BAERGIE VR 5 DA U K Pk ik . BRAFSAZ RIS,
ELJ%¥E (Colorectal Cancer, CRC ) XTBRAFI 1) [ 45 i 2%
MBI — 25055388 B A 90 19 ) — A= A5 5 A At
%, A, BFSE I RN AR EER TS TR KL 24
rh S 18BN AT — PR B R BN T S BRAFHT
HIR IR A RBIERUN e S LA AIF ST & BE . i
HIEGFREBRAFIG I Z 2R 5 5 U S5 B0 o
FECPE, AL EE ST, 3 2 F T BRAFBEA il ik &
TR EGFRAY S BAA R . 4RS00 R CR P
ZH YUVE EGFRINGIF | B 2% 75 e /E Ay BRAFH il
) SRR 2 5 , BRAF S5 EGFRIN I FIH: 1
75 %8 HAT O 76 26 EURIRCRE SR H] T BRAF A RIZE 7
DR 258 it 280 S UM R PR T TR
PEIGIRZE B Z — o L2 B R A ZE 5™ . 1 TR 245401
il 75 & B 5 BT 25 Bk T 2 R P s R . R
M7, WU R I 24T 25 TE BRAF 5 EGFRIN 1 77 6 FH 5
B RERE . AL, 4 25T LA SE IR SRSk i 24
V¥ 250 A 7 F S A P TSRS o R A O 2 R, 97
HIKRASZE AL [ N I FIMEKIS 255 | & MAPKGHE %175
51 PR I M S B (i i HER M 8 FGFRAY
SO LARRG TR KA1 s b 32 HERA 81 71
ISR JE S MEKHIN il 7715 FH 5 s R R0 EL T 232 3 el P
FEERCR K se B JE I A MEKI R B T A AR 6
R REEE R SIRRIEAIEA F 2G RE A
TEJR R o L[] — 1555 30 1% 1) SO0 BEL Tt Ay < T

FLIE FEAM A o 2230 PRATAT S S35 18 43 MA PKGE #% XU
T S e R 24 o [R] IR AR 38 i3 5 R T O e 25
H BRAFSMEK Ml 255 | K RTK s . |1 T SHP2MER
fitpfE JLF- I A RTK s Fief%id 77 ZMAPKIE#H , 2t
FEHIBABTSE T SHP2AI il 3715 MEKAM il 57 BRI X MAPK
S O RVEEAE AT AL, & IIZ AL A LRI R RTAST A g
ST B KRASSAS RUEAE ThMEKAM 3 Py 78
M2, MAP2K4( BIIMKK4 ) SR TE S Bt 7Bk &in
JEHLE . SASRTE, B AR H R POR 4L A 259 1 B
T LA R 1A PR 24 LA SRR 25 TRl , AR 2
PR R B ICR . (BALGERLL & 29I A 2
1] 55 80 1 RUSA B35 55, il e Z2 TP 241 7E AR
WL BN B B AR 25 W 2L 5 25000 i AR et i
WK Z R A AR R PER . UL, H RN IT AR T AL
e RE ELTE 7/ -2 |7 S i N i PR SR /R (AL
— 4 ST 2 T LU T RO se IR 24 R]
Zi BRTIR A AT LU IR 25, 2T 25 9 1
ROR, HETC A RE BRI R 201 SR RA G2y
PR e 1 R RE R IR AL & 25 W RO B i B2 (H v e o
6 3 7 S8 IR RO S Bk A, 75 2 R A I 23 A
HWIEIHEFE. AZR TR ELS T AL HITA S
MR P B R I AR HE SRR A, DL
IRFANELL & 25T K S A SE PRS2 051, A BE T LA 2
T AU T 24 B2 AR | SR J R RO 126 34 s 4 L T
RIAWIFE TG 2 e AW R BUSCR . il
ARSCAT LI 25 25 Mk e S AT T e 34 1Y)
A 25 AR BERE By , R 45 25 W T A T e B R T 24
MZRATIES S AN B R G fe BBl

1 ETAIIT SR EANASHYHREL

P A8 T A SR N R T 8 S 24 1 e
PEAS L S TR, HARAR SR A 7 T 52 o i o o 22 2% 15



230 hoE R

¥ B & 2026 4F

S PE PRI o R AR BRSO B
TR OCIR A3 B O v AT R GE RO B U IR T Y AR
FIEEAR , T ] — B A )8 B b i OGBS TR G,
PNIIPSEZ S8 e i Wi b3 7oe S i P s e~ 3 i 1
X A PR EEAR L2 G 45 2, A B I AR IR YT
ROR PR R AR 25450 . DI 2280 5 20 6 S 2
UG IR 5250t A h B B T . R RS
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R Y414 ;MiDrugComb . DrugCombDB Al
SYNERGxXDBIX3/Mi#lit PEAE 2454 8 8 i 5 240 5 S0 7 TH
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TEGE Bl iERR BRI S)EE E
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S PER3DIAS T SRR, & 3aE; (2) KK
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FEPEAR R T IE ML 5 AR 0] 5 2 [ AR 407l o
5| A B8] A1 3¢ 32 3 43 #F (time-lagged correlation
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HLERF I HESE Xt FPocketHE BUAY 3 24 M) B AL A4 i A 7
AL AL AR FEAEDA TP 2R 450,70 LI F 15385 (48
WIRRAET11.2% ) ; Top 3TRINAER#3150.827 , R HAFIE T,
R DAL KT i LAY e M S 00 AR iR R
FIEE RS 48 )5 1, PocketMinerif i3 B & 4> 730 J1 %
(Molecular Dynamics , MD ) 34558 Ak FR B4 /2% 5 1
AR AT, #E7 T ShAS BB AR IR 2250 =)l
GRAEMEEA B ERHM R EE AR EAY
SARS-CoV-2 3= ELHE A B 25 TR0 7 8 1 AV I REMD#IL
HECRIPEAUIN R > 50 ps) ; BPI R UESE A0 5 R IR
B VP35 A R 3 28800 S 161 e (A5 AU B 1
S ZER I . RS PDBR TR A 37 A (391 REAR
244 BRPE/ A BRI il o5 2R B 0,901 &
PRHERTR P X AR 25 BCR-ABL AU T3 15158 A5 1A 5
A4S R T 5 OSC R 5 E 45 R oE O —
(RMSD<1.2 A). iXEEAHLR ] T SARS-CoV-22K 1 i
R ZHCE AR BEAL 48 el i 5 e 4
VP35 5 , DL K —2H 167 B RN IARSE & Bl 11 4%
B, XS [T T AR R AT TR
KeyAlloSite> A EL G 437 (Direct Coupling Analysis,
DCA ) it AL AR A B B (0 Ak OG0y 138 3k o xof
HER ARG T A N REA BRI S5 TR s AR L2 ] A fE AL
BRI S A M gR 352 %07 ik B LR A
% (IBCR-ABLI1  TarFIPDZ3 ) { 5E R S2 5 7 rh 5 2]
B9F. AlloReverseifi it [ 4holo/apo R 7 i RII A AL 453
F 3l /1% (Replica Exchange Molecular Dynamics, REMD)
DL, Wt 1l AR 2 AR A S S I A
TALE S8R (B IR AR AT T 3 izl a4
A4E 9264 11 48 FE X S5k, o rh 834k 1 Bl “ ARG v 47,

AR A I T71.0% . Ak, ROCHTZR T I FL
0.758 JXSEFEbRR ] T IZA AL 52 Z B 4R A R0R
BRI RIBE S o SRR, ARk B 22784
AL I AR O B S dE g R B AR,
TERL T HAME R, 441, TopoAlloSitedk T4 Fh W 45 4%
AU SRIAEE 1 BTAS I 4 JR ik 2 , HARFATE TX B
FEAEGRIIHHERE ) (EXHG RSB HR A R 5
PASSerRank/KFE T LambdaMARTHEFHESR , i i) £ 1 2
TR T EEE AR AR | 155 R R DA 12 , (HL T
S50 B A X 55 5 BiteNetfi B — 45 B4 N
2% (3D-CNN) HH MR R ALY 25 (8145 B b2 2] 53 20
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Abstract Traditional single-target,single-molecule therapies have shown clear limitations in the treatment of complex
diseases, often yielding insufficient efficacy and rapid resistance. Increasing evidence indicates that such diseases are driven
by the coordinated dysregulation of multiple signaling pathways, making combination strategies an essential approach.
Clinically, rationally designed combinations have demonstrated significant benefits : Dual BRAF/EGFR inhibition enhances
objective response rates through synthetic lethality, SHP2/MEK co-inhibition overcomes KRAS mutation—driven
resistance,and PD1/CTLA4 blockade markedly prolongs survival in metastatic melanoma. Advances in artificial
intelligence (AI) are accelerating combination drug discovery. Leveraging large-scale databases such as DrugComb,
predictive models like XGBoost achieve high accuracy (AUROC 0.83 across 22 000 samples) ,while systems such as
DECREASE reduce experimental dose—response testing by over 80% without compromising precision,substantially
lowering time and cost. Beyond multi-target applications, innovative strategies are also emerging at the single-target level.
For example, orthosteric—allosteric dual-site modulation of PPARY synergistically enhances efficacy while mitigating side
effects, offering new directions for metabolic disease interventions. Immunotherapy has become a leading clinical frontier,
with nearly half of approved immune checkpoint inhibitor indications involving combination regimens—either with
chemotherapy , targeted therapies,or dual checkpoint blockade—underscoring the value of immune co-regulation. Looking
forward,the development of combination therapies requires multidisciplinary integration. Knowledge graph—based
approaches can uncover novel synergistic mechanisms,while multi-omics—driven computational platforms combining
structural biology ,pharmacology ,and clinical data will enhance model generalizability. Addressing challenges such as data
heterogeneity and limited interpretability through standardized frameworks will be critical for translation from high-
throughput prediction to mechanistic insight. The convergence of Al and experimental medicine promises to shorten
development cycles,reduce clinical attrition,and drive the evolution of combination drug discovery toward a precision- and

mechanism-based paradigm.
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