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Current progress and perspectives of self-driving laboratories for drug
developability assessment
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Abstract: Self-driving laboratories (SDL) connect automated experimentation, structured data, predictive models, and online decision-
making, shifting scientific research from predefined workflow execution to iterative, feedback-driven discovery. This review
summarizes the general technical architecture and maturity criteria of SDLs, with emphasis on representative applications and industrial
practices in drug discovery and development. It further examines four subdomains of drug developability—physicochemical properties,
ADMET assessment, target druggability evaluation, and formulation developability—in terms of available platforms, technical routes,
application maturity, and major bottlenecks. Current evidence indicates that SDL maturity is primarily governed by assay
standardizability, feedback time, readout stability, and machine-recognizable exceptions. L2—L3 wet-laboratory closed loops have
emerged in formulation, delivery materials, and well-defined conjugation processes, whereas classical in vitro ADMET remains dominated
by predictive platforms and human-in-the-loop systems, and in vivo pharmacokinetics remains further from online closed-loop operation.
SDLs for drug developability assessment cannot simply replicate materials-discovery workflows; their central challenge is to establish
verifiable feedback under biological variability, asynchronous multi-objective experiments, and quality and compliance constraints.
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Table 1 General technological architecture and maturity-assessment criteria of self-driving laboratories
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Fig. 1 Closed-loop architecture, assessment dimensions, and autonomy levels of self-driving laboratories

IR S A R L, AT R A — 2R 2
TAERBHAT BARX 43: LO: B A sl 2 [ 52 R A
6 RIS A FE BSUORE AR R PR i, 45 SR N
A, ABEAR S S, L1 I 458 B sh 4k
N EEFF A S AR R, (BN —Se fiEA eh iiE F3
PR L2: FERKAE A M B PR R HERE L S
Y. IRFEESEIR 2 4F, S N THNEHdT: 13: 7
T ik 73 [A] . SRR BEHURI I E 4N, &
Gunl Eahik e PATSLIE . PRI E BB e
A8 N % L4: AT, ADMET. il
FE LA EYUER:, 2 B4R T B3 T
B i. REEF RS bR e L,
AT A TF I 25 M VP IE SR £ | L1~13,
¥ Bl = ATk ST BRAIE 1) R L4 01
2 SDL IR IS F & PRI RN A R AR ERE
2.1 HYEEXERSIZML

TEZIIRIL B, WIE 5> THIE s 2tk 28T
AT 200 2 e 5 5 R TR AT 22— 3L
FALHE SIAL e SR R o R e TR], R R N
. AT AN T — R SR THERE R [ — DMTA
Hdfstrpiol, Hpalimn@ EsciGaitt, SDL ERA

FoGE A O T — 0 RS SR BRI I

M4 Tk RIS BRI A Eb 2 R Mk
1R, Z3IAE D5 BRI AT RE A5 7E IR 8 e B
2 [A TSI PAT - o0 AT A5 L 3 o5 - — R sk
367 HTR SR AIFRBT, IX 2R R SR I FE W AT 5
HHAlIA R L2~13, [Hest R R IUCR | kB
BT 25, A RAEED R TR . &AM s 5]
TR, Rk, RGPS5 24248 s A I B
S . UEHAAE I 24 Tl S B Ak 2 1 2
YIRS SR BRI I IC T 51 R EGE £ 3R
EAinp7p=EL N
2.2 YK I E DMTA 5Ll =74F

29 R I SDL 1E M “ BRI 45 B iF 7
fiszae” 1A B EE Y DMTA S22 78 Bt . 24
REAREHIF RS0 Robinl P SOk 554 /b RisE
F IR e AN S G 45 RS R E ROk, TR
7 AR B S 1IN R-SEREAR . X KR LRI
FEATIAR] L2, (HI SEIGHAT 5 O BERL 2 1 Wi A7 47
ENTZY, RGOSR BEARRE B85 H B Bl
FIE N L3,

Tippy( % & BEAK DMTA HSLHELE ) . Mozi (%



F49E5FE 108 2026108

LR AL Drug Evaluation Research

Vol. 49 No. 10  October 2026 - 3369 -

PIR I LLM % REAARAELL) I Artificial (4S50 2 4
SRS KK T 3 BAFE R Gtk 2591t
RHIESREL R G 7 AR R 2 2 Refk DMTA. 2R F
25 R BRI 5 4 200 = O L0421 [ YOG T A4S
ST AL it R0 24 9 e IR B AA A AT AR R T B R
F~ ERE bR A A 0] 2 1) B B 3441 FE T
SIS AT S5, AR ALK = 25 40 A R A e
HEHERR 5 A M S IR A B R W], X e 2 45 JE ]
Ui, Z5H I A R ) 5 AR N
PE” F IR SIS PR TE B 3T iER .
2.3 Tl SDL Kk

2026 4, Dvivedi SEBSIEATMEXP Enabling
Technologies Consortium (ETC) &1E, L& T4
P24 Tl FAEIR R FE e [ ERIE . Ffk s
TETEZGYD 536 ORI TR PR g oK R e 7 S8 R A, 9
AL AR AR g R i MBS A AR SR A1
AL IR E %O A - 1X 3R B Tk SDL [P A
CEFBRANLE N, BN FHAR AR, R4
S3 BRI A B BE T T AR E IR Tt o

25144 (WuXi Biologics) R 4 i 1% 55 S
IR EAESL (ISLFCC) #&4t 1 [FAT PR ok S -
BB B 2 WA L2 BORE, BRI R Ge 4t o3 AT
GE AR TR FE 2 IR, ALY T 40 B RAS R e
ARG FE RS, P H AR AT . X 3 N
v B EL A TR b, 1% R G AE BRI A SBT3
LR i 26.8%, [N f&7s 1 3L A 15 LAY R
AR E SIS ATIO, 4 A SR, 1XBR i dH R R
HFEEA L3 PO, EHASRETAEY TZ
TER, AaeEEIME N AT 2 B

G H 24 5 Dol kX254t (Takeda Pharmaceutical
Company Limited) 5 Atinary Technologies, Inc. (LA
TRIFR Atinary) FIAFFEAENER 7/ T 2TF
R T . Takeda &8 & 5250 5 A )16 H
PR HLES N . SR SR AL JE fOZE 28 5 3K sh ]
P& 7£ Buchwald-Hartwig [z N 241+, %28 £
4320 ARG, ATTEBIRAEGE N AN
WH 1~2 NH, MHRREL 1 572,
Atinary 75— A TF SRS D07 SRR H 78 3 58
IR AR ISR IS 50%3R 28 90% A 1481, ixX it
SERFFEIRELSS L3 MEHRHE, HERSRE
Bk B ML ATFARL, Bl 5 8 7 1k A B R Ak ST
SO, B “PHMER” 5 UG Ny
THFRIE

24 EEHESEZLE

i SDL - 1 R 4 R [R] BN 35 P B0 5
P IR E B KT RIEYE BT, A
RELL “TENIBAT” BN —brifE. JUIX Tl %
B, A TS D BE SR A 5 SO (- SR A B L T
VIR, ARG T H AR SR ML IRIE. & 2 Rk
¥ LO~L4 HTHER AR SEMARLE, RN 7R
J& — B 5 AT AR SR B L T

JyHgnE LO~L4 EHE T #RrEvE, Al —
BB N A R BN &b, B
Je, NTERIE (HITL) 9N TR A% (R_HITL)
FORTFENTHIMEE . LU0 F —PHEr
IR, Hik, mEEFELEZERE (R_exception)
FORTIE U H BRI HE R F ARG b E IR
TAERMI LS. FeA S S, Lo ANTE R T 5050
TR E E AR L1 R ESEOURR R L2 @A
RINE ) R_HITL; B L2 7] L3 J# N R A
R_HITL FF%, FHiZP H A& M R _exception, M
L4 IEESR R B FRE SR ALt . [sE
1 (T cycle) AI{ENHNRACERTEIR, FT LA
FRAAEER FAFE G 5E R —45 “ SE3-/r - sk -
NRJash” FTREE, EAMEN L R
{1401
3 EERAMITENE SDL: HARKE., $%itS
Rz
3.1 FBRAMTEN R ES B A RAREE

FREGHEAE B — R, TR RIEYITE R T ik
BebE. FEARMER . BRER. MU Atk diFFa]
i P 2 A B AT 252 AT I RE 7. ANFIZ RS K
N BB AWM R dEI RIS AN R 5
AR [ IS} ) ] p B S A . SRR R BLATEL,
ZiPE SDL [ 5 A & — AN A& e I i\ %t o
K, MRS RYR . AN [F BRI ] XU 25
P ILFIFI R R R G

OB HEARBAAE TSN 5 NMESIAT: Bk
W 24 2 1) BRI R AT I 2% s R B R 205K FLE ST
FREEAb SO H T4 S B4R AN H SR R
FA S5 B BRI 25 T A A QAR Y s i JS A8 A
FE e, SRORRRA RN B AR SRR T — R0
JE g RGOSR R A . N T A ANFE 1R
K. 5—f SDL #tk, Zi¥ygs i iR EeEH
B BAMEECE . HRES . ST LA S
NREGA R, MALFGEUH. LU 4 D78k



<3370 HE49EFE 105 2026 F 10 A

{; ¥righat 4. Drug Evaluation Research

Vol. 49 No. 10  October 2026

x2 HPRIMEFLHRFTMN SDL KA. RERERESIERE

Table 2 Representative SDL applications, maturity, and quantitative evidence in drug discovery and development

Nz 3 1) &V B /%061

PIRRFAE

J L H T A B SRS S

MM R A RS ME R IRRIZARIEU RN HAT > - IE f— IR O AR 55 AR R e S AU K

T2t SES A A=Al i

259 & PILSL 56 %= Robint3]

BHEADMTAL Tippy . Mozi
ALIGERE  Artificiall40-44]

RALSLIG IR

T AAMTZE % W £ W

M3 IR B AR MR
(ISLFCC) el

L2~L3 ST 3G 25 R AR AT R

PMEL

SCHRIBERE - SRR T — AAE L2: 3 Bk R_HITL: #% L2 2, K
FEIA SCG I — UF AR T

T L1~ ERSEI RSO H A THIA, AR
L2 A A5 750 il % 412 L 2 3L 0 5

A L3

« AESHR) TR TR AF)Z L2;18 54k R_HITL #1 R_exception;
HEANAAE 1% V6 2

B L0~ B IESE N TRENA, iS04 A
L2 T BT 75 B A BIE

BERIRA) = 2520 A U BORHE R — 40 i S — S5 R 8l L2; fE7870 A Bk R_HITL & T_cycle; % T~
i N R e

AT K —RDF/ALEANET L2,

fE N A RAEREDR NI H A L

i L3 B RS R 3 T —Fe I A4 %
i L3

C WuXi WL NI SToT fEH—iREE IR 52 4 M 3 3 /MR T340 fE+26.8%:; SRtk
SDL Biologics) TR Redl 22 >J ik — HANAMNELIRE  FRITFE L3

3L/15L; BTV TS

Tk F Aoy 7 L H 5 Atinary /N3 T HTE/BL & A — s R G —AL 2 2 JF 388 4 320 fh ok F; 1~2 1A 411

2 SDL 2 SDL & Zpt-

Tl AR EE Enabling
Consortium T Mk 47k

B (ETC) &1ER8
75

i - HIA RS ARAL

0L IR 52
{145 L3

AP I S I R i 7 A g
FR<50%— >90%FH A TR 518,
FE A ATTF R

Technologies ¥ E . A WY A AL 45 4 84T N A 5 Beg E g, B4k
(API) AL G HEF 4N
KAORL  (LNP) AT 75 25 1 36

L1~L3 BT EMEREINIE, 1RRES. B

v lINEE SO YRS Se Sub

A SDL &« FIATEORERZ . BRAAEEFI A
REEAZ AT

32 MRS

321 WAVFESZEE EAERESEEEE.
TEVE. MRS, AR R R 5
B IEAH G 73 THRAE . AHRHLE IR T2
Wik, HATPHE, BT ATE
BACPEFUXT R RN R A R SC B A T — 4
Iy TR FER) SDL 54D « BUA BEa ks 20K
B HIRshHLas AT RGNS 6 BT
£ R AR 72 2 5 v A PR S 36 e B0 v R P52 T
Ui, i HEhE. A Z H bRk R
iﬁzlk:ri[SO—Sl]o

X S5 I VA AR PR M T 5 T DA N P

W, BT G R 52 25 RN SEIG 25 AR 2
ARESE A RE S TN TERALMER . 0T 27 iR
PAATS E EAR A QSAR . F5h 5 2] AN T SE6 56 IF
L PR B 45 B R 00 [l B R g 1By B 221230,

322 HRERE  ZRAILAWEL, BAYERT SDL 1Y
FEARBELE IO N B b 2egimt . e, A
JRZH A% pH - U5 BE FH IR 8] 55 3[R g B R 52 B R S5
TRIMATHA it VR IME, 38 X A0 B AN S P
AP A E s SCIR BRI AR NE . FRiE
AR B HIR AT . BRSPS AR o i T
Prs IRAEERMIAR R E A Tt B AR A briEE PA
J 2 NPT 2 18] ) Pareto 100, i N —F05L
5 ()i e %o GRH S8 2% A

323 HOAEESIRHT SLATFUESE S, MoL AL



F49E5FE 108 2026108

LR AL Drug Evaluation Research

Vol. 49 No. 10  October 2026 - 3371 -

PR 5 2 40 F L1, k@il ot g N LI
RATIEE] L2; MR G R 2 ML 5 26 A Tt
THI P R BObR VR A B2 S5, R L3 E B
FED B2 AR I 5t s [ 25 TR S AP i AR A DA
i i . ANE S E I OR—3, DR ISR -
75 PR 1 TR ) B AR R o A AT R SRR
ST HE I — AN TR R, T 2 L AR ST IS
I SRR B AT AR U PR
3.3 ADMET M RIFM
331 BIETES5%EH ADMET 228 ir
W2 AR O M B s EL PR R R R R I T A
—, OpenADMET/avoid-ome #2 ! |58 ADMET #H
KRB R BT RS . E B ST A
PR DXE WA B 2R, I KA S Rt R TSR
AR, WA R AN F iR S5,
ADMETron ¥4 % 1 ADMET Fuill # i i He 5
E N EE R IR R R T 245K 0, H
XEETAEMET “AH. THEERE” 1
/% g}E[53—54] R

TE R AN TS5, THEHEE S 400
EENYI S 4E A 1) MATCH/COMPASS, DA K i 74
IS ZGH G AN, o T SLIR SR ISR
R PH PR [ AT B 145551, HIR Be 28 p N5 ] TRk
ARG EME . dIBEaER P4S0 M. gk, NIER %
WA TEEIE P (hERG) B ARG # &4 i
ADMET W5, ASREHE SLAEWT 52 % ADMET M3 2
332 HAEL MIWAKRZEE, k4 ADMET ¥
3 R E ) SRS A S AT B — | T B AR A ) S AR
IR, A& —FURIERE A A R AR
HER PHEXTE . JREE-IF (R TH PR ATARER . i
AR AN S 5 AU AN AL, LA PS8R AN
PR AR SIS AN TR p B N T R R L S
By BRI RR B A — 01 i), AT
FURH PO 2R B AR, AT Pise 2 AL B
ST 1352 HH A 0% TR B0 4% 1 3R (R ] T B BT B U 40

RN EEIE S “BRAR” AR mArE Lk
IR ARGM-AR A AR AT B Sk s i ih, |
LAY 3T 56 BROFE o B, 5 IR A Oy SR
B R —HeE . REER R ERIEIERE . S, A4
22 S A R It Je B e T NAE [ K AR
333 EAELIRIT C4HET I ADMET 0457
HBREBLT L1, BHEAN TS S5MRREER RG]

BB L2; AIFCHRT, B2 kS ADMET 24
K L3 P e AR, RNl E AT
LO~L1. FEGHAEE AR ES A2 5
SORATAE TS 7 M 1L S ANF- 47 AT A4 s AN
B AR RS S RIS E Bl XU R A
ARANHE LA 8 AL AE I 2 AR hR Rk
3.4 RN
341 AT EEREE] LRGPP SCE R
TS TR 2 5 BAT AT AR ARG &R A2
EAFE R M 4 G e s 20, IEFE RS2 7S
RS, PARGR TR RS LA N A bR B . Sk
WAL EYIPEAHEL, 3 A e SRR R R B 5 A A
Ry, HIERLL “HE R RETE” 2 mUH R SDL
NIFRBIRD

PUTIESR EEORE 3 MBI 53—, 28
RE A A G0 R MRS b A e T e HEP 0%
WM RIR AR, B, PUASKIS S R
Gl PR AR TR A AN ah A S0 A EE i
PAC IS, 55 =, THE5I M Z R Rt TH M
5L Gk HE 7 5 R SRR AN 2 1 56
UEZEHGE R, X 8 TARAIE B A R1- SRS AT A
BT, EZHA MR RERSE ks Th R, A
RS R R A VEHEAT SE BE L ATIEAZ IR T

PUA LA VE VN IE 7 Z RN B RIE . RE
RORE. AR MR Ry e MRS A 4R br, Al G
RE /I HRTH AN REAR ST AL, (R, #E R
B ARIEF R T RO RIER EZAEE N H 2R,
et G L — R I P IR BRI A AN SE R T
BT
3.42 FORB{RZE  BUABETT 2O AR LR
EFHRI B AL I I B) 7 23 Ok, A5
WAL AR SR (5 B IR BEE s e B Be A4 Rt )
RGP PUEDySE5, EAN . R8T s P
G IS UERE S BB S, PR AREE
B2 PR BAE RN i 45 R B, SR HE P A S
BrBeit. BESRAERY TR B RE R ANH R PEAIESE pf
RIWRIE, MAER 4 e —EE T E
3.43 RS HE AR 2 PR AT DA R A
B R Gk 3 L2, (0 B IEER 2 2 A M50 E 1Y S
WM AT LI~L2. MR 5 A\
P Z TR RTE RSP . 26 B A DR RATE BB I
PAERKEARL . BEERREA B, DA
B B S i o AT A B A S ) E bR



+ 3372+ H49EFE 105 2026 F 10 A

%f; ¥righat 4. Drug Evaluation Research

Vol. 49 No. 10  October 2026

SENL AT H SRR EEMIER R, MidRE sk
MRR A H E
3.5 HUFIAR A
351 MAFEEERE SIS R H A
SDL lF4 s 4 HH 43 . AL 2% 21 & NBC 7 1o Tl
D% 5 HE NS R AN I 16 AR R 11258, 2
BB NALTT RGEM 7 776 i £ 4 45 v ik
256 B, HRB M EERER T B iins
JE R Bl T e RERAE . KA AR 1348
TIERER; RAISE W@ A St . i g A
%2 HAMUIL R DU R . 25 AR L AL
7‘5‘[50—51,59] R

LUMI-lab #f— 0 # 5 4r T Rl AL n] s ES I
JT B 8 BT A K SRIURE 1) 4 24 I 7 22 EASE Y B
HITREBNPIGAE, B IBIEM LT LAY B T 5 1
BTl - DK R0, FR-2Z5 Y EERY) (ADC)
AR E BB gtk BKAH EAE R @R b A
25)-Pi A LT B RSP BA, R IE BRI BR & T2 AN
JE MR LASEE L3 E ke,
3.5.2 FORBRLL 77 SDL 3@ % LR 7 4H R T
SO, L. KR, oHhE. Bl .
FRIF R AR A i R A . LR

ETAEN LISHL., $l& RS TR, &
JE RIS PUR I & . AT BB sAR . R
ERR . ARE PN 2 T 8 1 RN N LI IR L Pareto
Hbr, F@id B3l dg . 2B BoR s i i ik
AL 15t
353 HMUAELHT HLE AL TS R R EE T
J iEH AL T L2~13, RAISE.LUMI-lab FIfE & ADC
IS IR L3, il 55903 i R ld 1A 2 14,
FEF RS = RE s AT B — € ReiL # 2%
KA, FERHtRE R . KifoetE. hpisis
G A R I AB IR S 20 sh5eiE
RINNTELE AR B85 5250 = B IA BR UL G FE AR
A L2 Bk dEia At .
3.6 NOUHRAELLERSAREE

4 ANFATER I A I B ERRE (R 3). il
TS24 1 fe #e BRE AT 55 N IR IR SER PR R 2%
A BRI B A S AR A Rz, AR g3 o PR ER
%D s B RS2 1 S R I A SNl B A S0 =
TE¥R; 2281 ADMET Hll /2 14 A 25 31 5 BE 55 75 48 1]
Wi . X — 7 HARERL S EE M, il
R B A RGANG IR A 28 55, BRAE TR R
BRI, E A EE R .

®3 HERBGEITNE SDL HOUSHARRLZE . BMAESEERD

Table 3 Domain-specific technical routes, maturity, and major bottlenecks of SDLs for drug developability assessment

T4 WA F G148 Z FERARBL R b KEEIN
HALMERT Has AT RG0Y; RAISE  ZMI& MG —ruett  Bora PR 2N SEIRAMRELEES
W5 AL FEMEFREABY, QSAR R & — A E L1~L2; [REM PSR Bl =
5 75 2 Jjigie2a] BiE— % HArik 5 — T3 8k A AR AL T T VAR -
S P L3 IR CRUIEN
ADMET 1% OpenADMET/avoid-ome® ;  Frfffb B 28 SR H 4 TEEETFE L1, RS R. S5
BN ADME Tron®™l; EiEE 7 #othiE-E A sEREER L2; AL 3E L B SEE A
ADMET A1, 5% A5l A EM—RL 2R 2 RN o S 2SS KAN.
B EE AE IR 155 FLR R R A5 L3 WEHEFM D 1k L5 KRR
HZ A L0~L1
B RRZATE BRI AL, BT AR S UEDY  ARGEBTE L2, PRI R AT
VAl RSERG EAEILE, ZHER R — 5k B R & % 28 S50 P R . B g
PEO U S B B0 HIF 19 T — 4 A ) B FIHN LLI~L2 A BEE A A
TIE— K] SFEAIF 8 52 7 St JE A
WIRBAE  BALT . EREET EHITZSHi—-E3 2808 L2~L3, & R4, REEH
A RAISEBO-SLS | UMI- il % — 5 &= @ M B A {2 SDL #x W KSR E N 14
labl®l;  ADC fHjE% SDLI6! Ml -2 4% H BT i) WAL BB IE AR
PR — &R I TE TE 28 V1 38 I 5 S 56

=EI




F49E5FE 108 2026108

LR AL Drug Evaluation Research

Vol. 49 No. 10  October 2026 - 3373 -

WA TSR N 3 M B B —,
VERA AN T SLI0 AR WA bRl S 5t T
BRI R R TR, 2, WFEFEALET XL
WHEE: Baeiknei heas, (AR R
ARSI T T =, RS E T
(G T s B RE—FL 77 &5 A e )18 — ADMET
A N RIMGE, WANEE B IR AR R A PR

5 U [ FR) R 2 T Bt P BHAT AN S P
RAGAMEFRITE T2, BB L R
RN FNSEEG R, ke mR . TR R EE
ke FLEIE TR M dE e A2 2 HAR L AR
5HARFAR. REWE . BRAHIL B
TEAINAE AR . A FEEERT I Se kS 5 L A
FREEE AR R_HITL F1 R _exception, FfLA
T_cycle #p A ARV & KA L. S0 BTy %
155 Y AR HE AN 5 S B = 2 LR A7) 2 B S as AT MR
BOIEYE A E IR bR, (EAEAE MR LO~14 1 H
L ER2AT,

MK a3 E , 2t SDL B n] Bedy “Adft
W BB ERE” M “ — BRI 2LB=ETLA
17 B AR . X BRI R IR IR P B
M7 IR A AN [F] 7 R 1 IR . B A0 o 7 22 7
WA EL A2 E £ RS, ADMET 5B AEW) 00 i
P S imt, B ROV AL 7R SRR BT, R
BUBOAR N AL IR . R A X LA it B R 15
B L, BEREER ) B AL A B AT R 245
B X
4 FHEERZE

250 R IAE 2% SDL T M H B4k A B i 75K
W AITH RS SR, B KR NIER B
TR AITE B SR [ 5t 2 0. He BSGA FE FF AN ELR T
PLEs N B VRS AR AL, MR T2 (A 2 15
AR SIS R A AR IEAL A TS AT B
AR ATHLESR A, AR S RS B SR
TR YA A R KA RS
S TAAEM T ZEEER L2~13 SR E(T5 A,
T 25 A2 HR i 31 iy L4 ATk /D ] b ST 5840 (1) A TFIEHE o

TERMAVETE ) 4 A1, i RIS
WBE L R R e R, 77 A 5t
TR SRR R E B I T2 ik 3 L2~13;
AL BT AERR B BT 7 5 2640 N T L3, (kST
FYEFR RN Z N L1~12; B 2 LA J0 4
BIAISLES AR A E, Z AR LT L1~

L2; & Hfks ADMET 45 AT~ & s B aili i
N, RNAEIEEE L AR . X—HES
2BV LT R, HAREAEEIE R I,
MRS . BEaarbeE. 5K KR
AN 22 2 IR SRAIE 6 PRI A AR 1 1 PR 1

(Rl AT 24557 SDL ke AR EL “Je Ak
FEEENARE, TR [R5 52 MR R Sl AR
T B SCRRGIETT R ANH 8 PR 2 75 Re i DK By 5
5. N LA NGETE AT I8 B DL UEHE BE 75 5 fiL /R %
SEESE A, TR N “ RE IR AR
A “HERE AR RS ERIIE” X7k

RRA T e ML “ I/ NATAT IR
A 0B RS = T A FTANERREE . T
RifsFeE Y. CYP #IH AnvHE AL AE sz B A0 DS B
7)o 5 M S B T R R SN T, S RH /B
YRR AR S, BE. fHtRZERARE S REA
LA AT HATHON, 7E LAl FI0UE L2 ) L3 A3
a o X ey RS BICE IO ME A OR AN Lo A%,
N TN A g s, A 2 4
“HFET .

Hik, BRI T 2 Birf 2
PRIVRFIE R PSR 71 o PRk B AL B 2% 550n] DASE
BRI Z9ARE 2 A g SRR BT A B R i HE
¥, ARG LR ABEATENE. SLIRsA. K
TN ] S 2R OS5 A vy RS R AT, FETISE e X
RS SRR E AT IR . RokF & MR
Jofik®r R_HITL A1 R _exception, PAEALRGH L2
] L3 DA S B m) L4 ki 5 EREE AR AL [
IR T cycle 1E NN R GFR . SRR
55 AU ARG o A L R /5 S B = I U A T PR s
AT AT SEVEANIESE RAE, A BEUE L 4,

R, BORE S PRERE S Pk i v ok
5E SDL REA NI R E A H IR o 75 B X3
IBLES P e A S S AR AR A B B . B T DL
ST 1) [ R ASE AR ) A B s ], I A e e A
PSR = BRI T S I . Tl R AR IR AR A
B Bl SRR RIS B BB D BN S A 1381,
I, R BB E T ) 2 2 B Y FAR R
NIZ G &R 3 2 DMTA, 1EBOK . KR E .
A PR B AN A B 7 P 252 A B BRIE S5 5 PR VPl L4 i
i A B SEBRA R

FBFRR PARNEHNFARELEAGZFR



<3374 FEA9EF10H 2026 F 10 B %¥r38hak . Drug Evaluation Research Vol 49 No. 10  October 2026
SE 3k multi-robot integration of laboratories: An autonomous
[1] Waring M J, Arrowsmith J, Leach A R, et al. An analysis workflow for solid-state chemistry [J]. Chem Sci, 2024,

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

of the attrition of drug candidates from four major
pharmaceutical companies [J]. Nat Rev Drug Discov,
2015, 14(7): 475-486.

Muratov E N, Bajorath J, Sheridan R P, et al. QSAR
without borders [J]. Chem Soc Rev, 2020, 49(11): 3525-
3564.

BEE, REHF, FEE. KL B4R I
FURERE [J]. 2554, 2022, 46(1): 60-70.

Dai Q Q, YuJ L, Li G B. Recent advances in deep learning
aided drug discovery [J]. Prog Pharm Sci, 2022, 46(1): 60-
70.

Christensen M, Yunker L P E, Shiri P, et al. Automation
isn’t automatic [J]. Chem Sci, 2021, 12(47): 15473-15490.
Goldman B, Kearnes S, Kramer T, et al. Defining levels of
automated chemical design [J]. J Med Chem, 2022, 65(10):
7073-7087.

Tom G, Schmid S P, Baird S G, et al. Self-driving
laboratories for chemistry and materials science [J]. Chem
Rev, 2024, 124(16): 9633-9732.

Abolhasani M, Kumacheva E. The rise of self-driving labs
in chemical and materials sciences [J]. Nat Synth, 2023,
2(6): 483-492.

Coley C W, Eyke N S, Jensen K F. Autonomous discovery
in the chemical sciences Part I: Progress [J]. Angew Chem
Int Ed, 2020, 59(51): 22858-22893.

Coley C W, Eyke N S, Jensen K F. Autonomous discovery
in the chemical sciences Part II: Outlook [J]. Angew Chem
Int Ed, 2020, 59(52): 23414-23436.

Wang HC, Fu TF, DuY Q, et al. Scientific discovery in
the age of artificial intelligence [J]. Nature, 2023,
620(7972): 47-60.

Hickman R J, Bannigan P, Bao Z Q, et al. Self-driving
laboratories: shift in
development [J]. Matter, 2023, 6(4): 1071-1081.

Bao Z Q, Bufton J, Hickman R J, et al. Revolutionizing
drug formulation development: The increasing impact of
machine learning [J]. Adv Drug Deliv Rev, 2023, 202:
115108.

Stein H S, Gregoire J M. Progress and prospects for

A paradigm nanomedicine

accelerating materials science with automated and
autonomous workflows [J]. Chem Sci, 2019, 10(42): 9640-
9649.

Szymanski N J, Rendy B, Fei Y X, et al. An autonomous
laboratory for the accelerated synthesis of novel materials
[J]. Nature, 2023, 624(7990): 86-91.

Lunt A M, Fakhruldeen H, Pizzuto G, et al. Modular,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

15(7): 2456-2463.
Jeraal M I, Sung S, Lapkin A A. A machine learning-
enabled autonomous flow chemistry platform for process
optimization of multiple reaction metrics [J]. Chemistry-
Methods, 2021, 1(1): 71-77.

Ha T, Lee D, Kwon Y, et al. Al-driven robotic chemist for
autonomous synthesis of organic molecules [J]. Sci Adv,
2023, 9(44): eadjo461.

Dave A, Mitchell J, Burke S,

optimization of non-aqueous Li-ion battery electrolytes via

et al. Autonomous
robotic experimentation and machine learning coupling
[J]. Nat Commun, 2022, 13(1): 5454.

International Council for Harmonisation. ICH Harmonised
Guideline M10: Bioanalytical Method Validation and
Study Sample Analysis [EB/OL]. (2022-05-24) [2026-09-
10]. https://database.ich.org/sites/default/files/M10
Guideline_Step4 2022_0524.pdf.

Wilkinson M D, Dumontier M, Aalbersberg I J, et al. The
FAIR Guiding Principles for scientific data management
and stewardship [J]. Sci Data, 2016, 3: 160018.

Hickman R J, Aldeghi M, Hiése F, et al. Bayesian
optimization with known experimental and design
constraints for chemistry applications [J]. Digit Discov,
2022, 1(5): 732-744.

Hiase F, Aldeghi M, Hickman R J, et al. Olympus: A
benchmarking framework for noisy optimization and
experiment planning [J]. Mach Learn: Sci Technol, 2021,
2(3): 035021.

Vamathevan J, Clark D, Czodrowski P, et al. Applications
of machine learning in drug discovery and development
[J]. Nat Rev Drug Discov, 2019, 18(6): 463-477.

Ekins S, Puhl A C, Zorn K M, et al. Exploiting machine
learning for end-to-end drug discovery and development
[J]. Nat Mater, 2019, 18(5): 435-441.

Fei Y X, Rendy B, Kumar R, et al. AlabOS: A Python-
based reconfigurable workflow management framework
for autonomous laboratories [J]. Digit Discov, 2024, 3(11):
2275-2288.

Hickman R J, Sim M, Pablo-Garcia S, et al. Atlas: A brain
for self-driving laboratories [J]. Digit Discov, 2025, 4(4):
1006-1029.

Sim M, Vakili M G, Strieth-Kalthoff F, et al. ChemOS 2.0:
An orchestration architecture for chemical self-driving
laboratories [J]. Matter, 2024, 7(9): 2959-2977.

Vescovi R, Ginsburg T, Hippe K, et al. Towards a modular

architecture for science factories [J]. Digit Discov, 2023,



F49E5FE 108 2026108

¥yt . Drug Evaluation Research

Vol. 49 No. 10  October 2026 - 3375 -

[29]

[30]

[31]

(32]

(33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

2(6): 1980-1998.

Maffettone P M, Friederich P, Baird S G, et al. What is
missing in autonomous discovery: Open challenges for the
community [J]. Digit Discov, 2023, 2(6): 1644-1659.
Boiko D A, MacKnight R, Kline B, et al. Autonomous
chemical research with large language models [J]. Nature,
2023, 624(7992): 570-578.

WeiJ Q, Yang Y J, Zhang X, et al. From Al for science to
agentic science: A survey on autonomous scientific
discovery  [EB/OL].  (2025-8-17)  [2026-09-10].
https://arxiv.org/abs/2508.14111.

Yoshikawa N, Skreta M, Darvish K, et al. Large language
models for chemistry robotics [J]. Auton Rob, 2023, 47(8):
1057-1086.

Gottweis J, Weng W H, Daryin A. et al. Accelerating
scientific discovery with Co-Scientist [J]. Nature, 2026,
655, 487-496.

Hysmith H, Foadian E, Padhy S P, et al. The future of self-
driving laboratories: From human in the loop interactive
Al to gamification [J]. Digit Discov, 2024, 3(4): 621-636.
Scheurer C, Reuter K. Role of the human-in-the-loop in
emerging self-driving laboratories for heterogeneous
catalysis [J]. Nat Catal, 2025, 8(1): 13-19.

Nippa D F, Boddy AJ, Atz K, et al. Accelerating compound
synthesis in drug discovery: The role of digitalisation and
automation [J]. RSC Med Chem, 2025, 16(12): 5753-5764.
Aand D, Rana A, Mottafegh A, et al. Autonomous closed-
loop photochemical reaction optimization for the synthesis
of various angiotensin II receptor blocker molecules [J].
React Chem Eng, 2024, 9(9): 2427-2435.

Dvivedi S, Minocha N, Chen S, et al. Towards self-driving
laboratories in the biopharmaceutical industry [J]. Nat
Synth, 2026: doi: 10.1038/s44160-026-01131-3.

Ghareeb A E, Chang B, Mitchener L, et al. A multi-agent
system for automating scientific discovery [J]. Nature,
2026, 655(8122): 497-505.

Fehlis Y, Crain C, Jensen A, et al. Accelerating drug
discovery through agentic Al: A multi-agent approach to
laboratory automation in the DMTA cycle [EB/OL]. (2026-
06-04) [2026-09-10]. https://arxiv.org/abs/2507.09023.

Cao H, Liu SY, Zhang F, et al. Mozi: Governed autonomy
for drug discovery LLM agents [EB/OL]. (2026-03-04)
[2026-09-10]. https://arxiv.org/abs/2603.03655.

Fehlis Y, Mandel P, Crain C, et al. Accelerating drug
discovery with Artificial: A whole-lab orchestration and
scheduling system for self-driving labs [EB/OL]. (2025-
04-01) [2026-09-10].https://arxiv.org/abs/2504.00986.
AR, W B, AN LR e ACHAE 2B kb R

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

R [0 WL KRR (BR54AR), 2026, 55(1): 4-15.
Zhao D H, Xie C Y. Application and progress of artificial
intelligence agents in drug development [J]. J Zhejiang
Univ Med Sci, 2026, 55(1): 4-15.

MK, FRER, HAKRR, . CPATAMRA: HET KRG
FREMM=RANHER S T7i% (0] Bkt 5K
4R, 2024, 6(1): 88-99.

Lin F, Wang F Y, Tian Y L, et al. Parallel drug systems:
Framework and methods based on large language models
and three types of humans [J]. Chin J Intell Sci Technol,
2024, 6(1): 88-99.

Orhobor O, Abdel-Rehim A, Tate E, et al. Iterative Al-
guided optimisation of selective triple-drug combinations
for breast cancer [EB/OL]. (2026-06-04) [2026-09-10].
https://arxiv.org/abs/2606.06562.

Xu S T, Huang Y T, Shen X, et al. Innovating cell culture
process development with deep learning-powered robotic
experimentation using the first Industrial Smart Lab
Framework [J]. Biotechnol Prog, 2025, 41(6): €70051.
Atinary Technologies. DMTA Innovation at Takeda: Self-
driving  closed-loop  synthetic molecule process
[EB/OL]. (2025-10-03) [2026-06-29].
https://atinary.com/webinars/atinary-webinar-series-e-03-
takeda-acdlabs/.

Atinary Technologies. Atinary Lab Launch: Self-Driving
Labs [EB/OL]. (2024-11-07) [2026-09-10]. https://atinary.
com/news/launch-of-the-atinary-lab/.

Adesiji AD, Wang J S, Kuo C S, et al. Benchmarking self-
driving labs [J]. Digit Discov, 2026, 5(1): 14-27.

Ros H, Abdalla Y, Cook M T, et al. Efficient discovery of
new medicine formulations using a semi-self-driven
robotic formulator [J]. Digit Discov, 2025, 4(8): 2263-
2272.

Nazeri M, Mei S, Watchorn J, et al. RAISE: A self-driving
laboratory for interfacial property formulation discovery
[J]. Digit Discov, 2026, 5(5): 2254-2270.

Fraser J S, Edgar S, Handly L N, et al. Mapping the avoid-

development

ome: A systematic open-science approach to predictive
ADMET [J]. Nat Commun, 2026, 17(1): 4644.

Nair D N, Yadav R S, Mate-Jondhale P, et al. ADMETron:
an Al-driven SaaS platform for comprehensive ADMET
prediction and compound prioritisation [EB/OL]. bioRxiv,
(2026-06-13)  [2026-09-10].  https://doi.org/10.64898/
2026.06.13.732026.

S, Sk, R, . T EER I M2
ADMET 7 KB R R 7% (1], B i 551K
JBL, 2021, 5(8): 76-85.

Gu Y W, Zhang B W, Zheng S, et al. Predicting drug



* 3376 ¢

F49EFE 108 2026 FE 10 B

%f; ¥righat 4. Drug Evaluation Research

Vol. 49 No. 10  October 2026

[55]

[56]

[57]

ADMET properties based on graph attention network [J].
Data Anal Knowl Discov, 2021, 5(8): 76-85.

Kendell I, McShinsky R, Modzelewska K, et al. Computer-
guided dosing of multi-specific T-cell engagers [J].
Commun Biol, 2026, doi: 10.1038/s42003-026-10602-4.
Frey N C, Hoétzel I, Stanton S D, et al. Lab-in-the-loop
therapeutic antibody design with deep learning [EB/OL].
(2025-11-08) [2026-09-10]. bioRxiv, https://www.biorxiv.
org/content/10.1101/2025. 02.19.639050v3.

BRIT T, FREEAN, SKIDER, & HuiAk a2 ik iR X
PR SRS [J]. B TRESAR, 2024, 40(2): 507-516.
Yao J N, LV Y T, Zhang Y J, et al. Antibody druggability
screening process and evaluation strategy [J]. Chin J
Biotechnol, 2024, 40(2): 507-516.

[58]

[59]

[60]

[61]

Gormley A J. Machine learning in drug delivery [J]. J
Control Release, 2024, 373: 23-30.
Abbas F, Salechian M, Hou P, et al. Accelerated drug
development using a digital formulator and a self-driving
tableting data factory [J]. Nat Commun, 2026, 17(1):
4739.
XuY, Cui H T, Pang K, et al. LUMI-lab: A foundation
model-driven autonomous platform enabling discovery of
ionizable lipid designs for mRNA delivery [J]. Cell, 2026,
189(6): 1620-1635.e25.
Roberts L, Reish M E, Yang J, et al. Automating stochastic
antibody—drug conjugation: A self-driving lab approach
for enhanced therapeutic development [J]. Digit Discov,
2025, 4(4): 979-986.

[Friesmit X R1E]



