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Abstract: The rapid advancement of digital pathology and deep learning technologies is reshaping the landscape
of conventional tumor pathology. Hematoxylin and eosin (H&E)-stained whole-slide images (WSIs), the gold
standard for histopathological diagnosis and tumor grading, primarily provide morphological information but do
not directly reveal underlying molecular alterations. However, accumulating evidence has demonstrated that tumor

molecular characteristics, including microsatellite instability (MSI), driver gene mutations, and tumor mutational
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burden (TMB), can induce subtle changes in cellular morphology and the tumor microenvironment that are
imperceptible to the human eye yet can be captured by deep learning algorithms. This discovery has given rise
to a novel paradigm of inferring molecular characteristics from histomorphology, enabling artificial intelligence
(AI) models to automatically extract informative features from WSIs and predict molecular alterations, thereby
reducing reliance on additional molecular assays such as immunohistochemistry, polymerase chain reaction (PCR),
and next-generation sequencing (NGS). This review systematically summarizes the evolution of this emerging field,
highlights representative deep learning algorithms and their major clinical applications, and discusses the current
challenges, including clinical validation, data standardization, and model interpretability. Furthermore, it outlines
future perspectives for integrating Al-driven molecular prediction into precision oncology. This emerging paradigm
is expected to facilitate the transition of pathology from morphology-based diagnosis toward molecular pathology,
ultimately enabling more efficient, cost-effective, and precise molecular characterization of tumors.

Keywords: digital pathology; molecular feature prediction; microsatellite instability (MSI); tumor mutational

burden (TMB); precision oncology

1 5|8

W o A DRI 2H 2 RIS TR 2 22 1Y) R g, TR 4y
FHRHIE BRI 948 SRR RV T F S B VR T A%
O AEGRFANTE, Wl F A E &R E
M4k ) . (qPCRD , HIARTEHEMYE ERA R,
(R B IR A . AR A N ] 0 DA R R R A 1R
HIHFE, BRI T AR Z N, JoH
FELE G PR AU HE A e [1]. AT BE (AD
RIDGHED, e ) A2 R o 2 RVEAE TE BT LA o 90 )
R, NEPOX — NSRS AL T 28 g . B
M4 (CNN) FlTransformer&E 22 5] N, fiif5
THEALRENS MR 22 & b B SR IO 73 A 2R 1B
AR, NI LE 95 2R R 23 B S S T AR
2] X EEHIRAMY B8 4l B = A= ik AT 20 24
WEAIZ W, HEENE, BeREZ RN,
WK - (HE) Jeeadl a5 res
AR, AU T HSURE AN, TR
M5 R H R, AR RAR . B [ RIRIRA A
S BIAE[3]. XM N TEAS 5 B 53 HE A 5B,
RTEA ARRAS vy E & B JHORE 43 - REAE T 2 £

o d4 .

THIFTARA MIATEE, A RS HE R 2 —
A PEfEE .

FE48 0y TR 7% B o e britk, (AR 1A
PR IE H 28 BOAAS HEDS 22 iz 4 IS, 9,
FERTRE B EEE WEER h, SE T LUER T
B DRIy A2 4 R ) VR IT I b SR 5, AH SR R
HARNME, HE5 B3 g A 8 55 Aok 8
VORBUE S I SREA . BEah, Kl K. %%
B, [V B TOE S SRAS R U () 4 1 43 Y
HE, MM R AERITEL4]. N T8/, %F
FRRE S IEAR, @l 8 (o
CT. MRD FUHEHEY) A, I T 1Rk
MERE . flin, EFMMEnees, LTyl
5 T B 2B e 8 AHE S 2 ) B iR R U B
ANRERRFIE, R 5 R S AR A AR G
P FIR, HE7R 7 R (WICTLAY) Jok
BESIEEE (WIPI3K-Akt. HIF-1) 7E M8 S vk rh
PEBAEFH[S]. FIRE, 7EFFAMuE Sk, AR
REE T AR A A AR N M TN A R . JE A
RADRBERE) TEE, NEES B MRS
JTIBE T T H[6]. IXEHEERY, ARSI

https://cn.scinovapublishing.com



BRBE: HT N LERBIINE > TRAE, WIEEZEN T B4R
Lizhen Li, et.al.: Artificial Intelligence-Based Prediction of Tumor Molecular Features: A Review from Morphology to Molecular Pathology

H R TEVE IR 557 5 AR RO A 2
B, WM MRS A 2 0 2
W P e FEE

IAER, WRESIHEE, FaleBRmam
2% (CNN) FlTransformerZ2#4) FI5H, FitEHLIAL
O AE T BE R A M b I R BE5E 1 IR SR . CNN
B HMEE G R LR AeER 5, 6
5 BB MBI 2 ) R IR R IE R 7R, A%k
SUPR SRR R B AR SE S 208 URHE, )
K3 7 BB o BRI RS BE[7]. 1
IR 2 W s, CNNCE 2 N T 2 Mol it g
PR S 2. B, fEFALEZEF, FETCNN
)R FE 2 ) B R AE 43 28 LI e 88 1 L ST 7 T B A
T EIEIT% I HER R, BERTHRRERNLE ST
58], fEBEEIHREZE, CNNELRERIE
Sea A R 3L M TR IR 953 % 1A ABURK P 710,98 111 i 28
T (AUC) , Hteged @i 7 #r a5+
BN E L K9], BhAh, FERMR . M. BBk
i 55 2 FOEE 2R B, NN R HAZR (R (dn
ResNet. DenseNet. U-Net%5) 3R I H &1k 1) 14
RE, AMLEENS AL 2 T MR X 38, L RE X R AT
PN RI[10-12]0 REEFCRMIEEL, 1S MHEY]
v 8 R B T 7 T RFIE RO R RE, R
TR FE 2 SIS AL RE 0 il 4 30 5 5 e ZE R RAT B A 3R
AR R BV ATHOE A 22784

kR 2 BT S UESE, HEVI R HE SRS
A5 BN RE S 2 255 P22 004, 38 1] 48 78 TOW
7> F e RIE, XA RsA . mIEE 5
TS HE T AE A B . AR R4 TR AR T
X e geg 2 24T BRI AR A 0 B, T AR B 1 i
PR W R T — SR AR s 0 % 4 . It 43
A RHE 2 V) BB, B 57 SRR Y e g o
AR 5%5E 7 T CInEER R A .
HAEERIE) MHRMEAS “fagl” o Fln, 1EMK
JB S5 A g, CNINBREZRY L A T T IDH & A
FRADIRAS,  ZRF T I 1 J ) Wi FD G T TSR &
KEE[13]. EF MM, BT U M
R RE %5 M ZH 25 B 2 AR e o o O b R AT 4
G, TR o> A B 5 R E 1) - SO T

https://cn.scinovapublishing.com

VIR [14]. UbAh, fEEEBRRAME T, ALFE)
1) B2 12 W7 2 S8 AN RE RS I 55 A8, 3 A
Ji IR R R B, TR IR B S R Ko T AE )
AT NS M E[15]. XL AL R, PRI
TEAS R F A7 FHRAE R E AR, AT 58
KEERESER IS “BH” 5B
52, AT BB R BN R B B AR, S
IR T = 2 1) 3 24k

g FRTIR, ARSCK RGUREE T RE TN R
SFHRERORE R, BT TS RR R . BER
o G IRTE HO PR AR S Db, I F BB ARG v e 8 2
HH T R RTS. BEE ATECR PR WTEE, R 2
BSHRmA (W%, WREL. JERAY) Fn] g
BEMEATIA R, RoRA B EIRAE. TR
O TP BLA16]. SR, SIS 56 = 3 I PR
AL, TGS 2 BRER, CLFE B R AR S 1)
Bz BRI AR AN R . FIRER R R
ST 2 A BE I A PR, DA DG (A BEFA 1 55
W E[17,18]0 IR AR ITIX BB ) 8, A H
A A I AT PRI 58 385 ARG PR = AR SR A — AN 4TI 1)
PRAR S S RIHES I — BT 230 A0 R g 2w (7%
M5 RE, REERRMREE.

2 ATEGEFNE S FHIENES =
55 AREH
2.1 BHBRIBICHNRERY

& Ge R B2 W 32 BRI R AR -4 (HED %
Y, 38T W 5 A U 25 0 435 ) SR DA e e
B REBME . R, SR, RF T IR EAR A
MERIR: & Tovk BB R IR S R & A R R I O
STREE, WBER A, RARRIE S E S LR
AR . BEIRBUXESTEE, D AURKETSH
M. B PRI A, AR (NGS) 8
Gy AL (THC) o IX 88516 W B A o B 2R
Wem, FEE i EDNABRNA. fEIGKSZE S,
FEARE . ARAFAS Bl A 2 48 IR # 7] R 5 250k I 2k
JC, AT SiE 5% £ R VA T TR SR [19]. BRAN, 1E
RFEHEE T, Bz &8 57 &MLl o+
RELN G, SE TN 3 RARAE, 8 KEE

e 45 .



E1EE 14
202698

Volume 1, Issue 1
September, 2026

FVENREHELR ST AR 25 [20]. BRlUk, JFR—FhE
% I B R B L S 4y T AR AR K T
%, OO 2 RIS TE S T T RS R B T T+ o

2.2 FEFIEHREBEG I ITPRRAR R

TR B 25 2] R I 2k Dy MO 3 A rh 0 2y
TRAEFR AL T 3 R B R LAl . R BUE o
WM T TR TAE, BDH & KBt IR OB S
SRR, (HX MR Z R T MRS F RN 2
FEVERISE Je ik, TRINBE 73 A FR[21]. BARPHEE N 4%
(CNND By H BB T o 3 1 5 2, 6% H 3)
MG IR BRI 4ERRE, B E T T S EE
e, FealaEev BB (WSD o,
Z 95> (MIL) HEZEMIGI N, fH5 B8 e ig
EAKARE NG R T ARFERE T, NiFERE
G e 2z 2] B B A 2 BB B RIE[22]. AR,
HF H AR I B Transformerfi 8 (4 Vision
Transformer,ViT) NI E5CNNZEA RS, B
WE R AR S KT ) R SUE B A R RRE, i —
WARTE T 43 R AR T AR 4 AN S A 1 [23,24]
i, VTR FE Tl i 58 1) 25 & KU vF 25« 3
JigeE RTHER 2R DA I S5 988 1) 22 v 2 1 b S 0 O
I, BRI T & SCONNBLA K PEBE[25]

23 ZIETHIEESHED

BN EdE (iU FHHE MG £ Tl
S FRAENAAAEAS BMST, 2 BSHIRE S i
FHRIVEREFE Y 1818 . BHHEY) A TS AL
iR R CnaEgs . M. o) PR
SHHE (WIMRIL CT) AHZE &, BT LAR R B 4210
B HEZ AR I TR [26,27]. 40, —TEEX)
= O R O S A FU R B, S MRIZARAH
. W EUE AR IR S50 2 BAS AR, A5 Tt 4
KW R TE 7, FLAUCHH & 28 T AE (] s —
BOSEIAL, bk, FIAITR S A A BB T 2R
AR, BRI DAEA BRIGPR RS B R EER
TEASZERAE, TR X RHIRE . & 5 ()40 FAniE
BRI O [ 28] X P 2RSS ng, A
ST IR 1 43 AN AR 43 J2 (P SR RE HE T, A

o 46 .

I PR e S $ (4 B0 T SE ORI, HE SRS 1 122 2 A &
7 M) SE R [29].

3 XERESERREN
3.1 2K B (WSI) BZLFIES]) (MIL)
HESE

PR G (WSD IR B mia i H1e4
B, I TR IR FLAE AL BRRE T . M
XX —Hhik, 25> (MIL) HEENIZETTA,
N BT WSTH E VIR 1Z R — 5Kk WSIRI 4
N B A BN B (tiles) , AN EIHPEAL
AN szl TR TR WS A — AN A A £ s
Bl “f” . IR FIRET, BAMLTEMIE
A IRRZE (B, ZWSHE &R A AR
B, MG SEEEAT R RERARE, XK
b BEAR 175X 93 B 2 SRS A AR T (R A [30] -

REFEZEIMMIL (WABMIL. CLAM) &%
AT S BE A o IX 2T VIE L T 2 S B R TR
= P R R SRR S 2 S TN EA iy N
FEHE AT BRI AT INBUER &, I A2 BOW ST2
AIRFIER R o X FPHLH ISR Bt SR AR T A B
M OME X, 7] R A% O X8, T 2 T %
FIH SR W S 31]. WEERM, - TMILIHE
BAETIM M D E AR ELE (MSD 08 R A8 47 £
(TMB) DA% Bx 3y 5 [K] 58 A% 55 43 - R Ak J7 11 2 30
e, BA RFETHEAEMZAEETI[32,33]. H
i, 7545 B MS PR A BT % 1, MILHEZSE
AR AREE i E) BS 7R r
Ao BbAh, JEiHI NOVELAE RN, AT DL — DR
PEWSTH BHME X 38 5 LG S B i L& 1) R, 2
T2 RE[34]

3.2 BREMIGSILES

SRIE R R o F AR CInZER SRR il
AR A e B ELRER A PP R, XA AT
SR HURGEIR P 2 SRR ) E . Oy o o — M
i, A% (SimCLR. MoCo) # 2 M H
TWSIop AT o 2SR A% O JE AR AE TohR 25 ) i
BWSHHUE BT IS, EHAECTEA N, 5

https://cn.scinovapublishing.com



BRBE: HT N LERBIINE > TRAE, WIEEZEN T B4R
Lizhen Li, et.al.: Artificial Intelligence-Based Prediction of Tumor Molecular Features: A Review from Morphology to Molecular Pathology

{E55 TR A LA S RAE[35] . XMy =,
TR RS PR B MRAZ T A . BRARGEH . [R) Lo
SN H LR, N B HRE B AR 555 21 B8
R S EEA o

XFEE A 2] 2 SEE A B OISR OB R 2
—o HEEARJE R I AHRUE S B (tiles)
FEAREAE 2% 18] A R BE B, (7] B HE FF AN A AL P e 1) R
B, AT SRR AE ) 0] X A AN B A PE[36].
., MoCo v2HEZR 4 KT N A MH&E S L)
WSTH PN 2 (R Rk i, WE B 1 A2 g g &
FEREFARGBE . S KA WEIZ4)E,
155 RAY 75 R 2D & 5 R MR 25 3547 70 (fine-
tuning) , B[R] 3 5 26 A B ST MK
o IXPP TR BRAR TR B Ot A AR A ARG
A58 45 75 B0 A5 TR B9 i PR 37 55t T T v P R 9000 AL
BRI RE . ZEAEBLT (Foundation Models)
UNI, JEERE 2 H 205 EHE it
AT Gk, FLARIUR B ik NRFEAE 2 M T i MIL
SRALSS LRI B L

3.3 FiE L TXXSKIEFER NG

IR B 7 FRFAE SR AR ISLARAE T 5 HARA
By 8] o A s VIR o< . IR IR BRI AR L .
M P T A T AT S DA i eg - ) o T ) T 2
AR, A2 A TN 1R Y SR B 2 [3 7]
4t IIMIL 7 VR I8 R A B SR AL Ak, 2
% EATZ IR A R N SORR, XA RE T EUE S
Fo B, BINRENS A A 5C R ML T4
THICINAS L 28 R 2L

NRHLGEER, FHRFEGIN T XK=
TR Z LS (GNND o i, @i i
ik, KRB AT R AR A ] 48
R RIERIL, GNNH] DL ) B 18] A B AT
AN R FRAMRFAE[38] X AT SURE S A R
FPTRE S T S A5 T T 2 P ) R PR R AR T o
R T 2 M A 2 TR AN RRALE 1 A AR 2% 8 2 52 T
TRERPERE[38]. SbAh, 2 RUEERFIL RN & g th £
REE, WL SR LIS A = A
BRI AT, R RE S AN DAL FE R B il 4

https://cn.scinovapublishing.com

570 TR R &S24 [39]. #1401, NAVF-
BiofE4Lil T F & M2 AL AR IE R &, B T WSI
TEWURVGOUARAIE £ T30 iy X 1) ik PR 5 A48 7 T B
BT T AR R X2 R ZEN
RS 3, B PR R A AR S PR )
SRR, AT REte e IE R RS 50T
AL B T N EBR &R o

4 ATEGEMNMES FIHFIENEE
MRS
4.1 WIBEFREE (MSID REBIFU

MEBEARFE (MSD ZLMMRE, THR4S
L g A0 S g v, TN G PR A T AR R K ) %
BAEYIAREY . AL G MSTRS K #5158 4 g
SR (PCR) bz 423465 (IHC) J7ik, 1X£8
TEAMURA R & R K, HIEFLHRT
AT R DRIRE A 5 5 B8 ) 152 s A — T 52 M) 45 2R 1 4
MabE. TR, BT IR IR E B o i A
MSDIRZE M LA & et 7 3. £
TR 7 R 95 ARG -4 (HE) 4eta ) i B{%
(WSD) , Si&Z5f]=>] (MIL) HEZE, R
W7 45 H I IMSDIRES, A28 TAERRE 26
T (AUC) AJ1£0.92%0.96. X FhJ5 i AL 2
TETJoma BN 2 TR, AE BRI R R
ATEEHUE B . Dbk, XRS5 SR R R AT
MBSz AR ), BRI ETE N, B
G HAMSI-Him K MR . WESFMEE,
TR 2 ST R G5 1R 1) 5 MIS DIR 265 FH 96 (4 2 4 21
TRERSARRAE, G0 e o S R SE n L JrbR IR Ik
CAf (TILs) 2 FEMG LA 1555, Xk
AN IGAUE T BB TN (1) A= ) 2 Bk, R 3 2
FIRAL TR SZe R, RPN TRIGERENE N It
(VA T3S Hr AR 4 2145 40 - D508 AH O 1R 4 AoRR i
YN ] 778

42 BT EERXT (MKRAS. BRAF,
PIK3CA) BYF;M

JibJRg O B B L R 848, WIKRAS. BRAFAHI
PIK3CA, MYSMREM KA KEEDTIMER, tWE

47 .



F1EFE 14
20269 B

Volume 1, Issue 1
September, 2026

FERZ A BRI R YT RS e RE . fE 4 b, XU R R
A P U AR T BRI 7, A o S LR A
IR, MR RARE SIS &%
8 TR REAE B2 T 45 W) SE O T 45 25 AR AT AE R B,
TR P 2 2] AR Lo R U RFIE SR LER 70, RefE 4
XL PR R M DL R bk . g, AR AR/
JilisE o, BT HEV) R B IR B 2 ST B8 T 2% iz A=
KFE 72 (EGFR) RAREZHIAUCILE]0.80
%0.88, FEREHE—H X AR RA WA [40]. 1E
FUIRIE , — T2 O R R 1 2R TR 2
HEZE, JEid B WS PR, FINPIK3CAZRAL
REHIAUCIEE] 70.745, FELE ARG AIE DA 5] A {4
Frr et gE[41]. A TREBINZCR, HHaE
R T ZATS 5 IHELE, S/ A REAE7E 501K 7y
A Hp I I SR 22 A58 R R ARIRES . i, MABE
REIE R Z 1 EA X (Multi-gate Mixture-of-
experts) FEHE, SZHL T M E— 5K WSTH [F] B il 2
MNEERAE, BER T RE42]. xR
K, NTHEBHEBN—FEE. S sR
TR T E, T R K sl 3 R 9 AR 1 ) A B 2 RN T
I, AT s o 5 T PR v o

4.3 FhEsRELE (TMB) BIFH

g R At (TMB) J2& 55 — AN 3 B 1K) 4 g2
BIT NS ER, 8 E SO IR R R E
Bl AR ARG B RS B . = TMBHI IR A 1l g
FEAEREFPUR AT G e hor 2 et FU0 i) 7] 7= A= B
UFIINE% o ARTAT, TMBHERR I 3 7 B Ao
T2 7 SR AR panel U 7, 31X L6 773 A = B HL
FEIT, PR 7 HAENGKRF R Z N Tk, W
O UEHR R N HE Y2 5% # 1) 7 o Bl TMB
ERCIR A AT BE M o — T4k ) 3% B 400 i 5 41 P e
(ccRCC) MM TL, FIH B B E = /IMILE A,
BRI T TMB) SRS, FEJ 738 1E BAF1) 1 HL
5 70.83IAUC[43]. fE4E B, T WSIH)
TREE % S BT TMBAR St B BLH % 7, HAUC
I E0.75520.852 [A][44]. XL AEAL I 5 e
TMBAH RIS R4 451 1 Fiev e 200 P 1 22 T 2 3
I SRBE X 3k bl A o v DA R G e A IR I 4 %2 .l

e 48 e

R REIM AT, BF T R DU R TE TR =
TMBEH I, 208 5w 13 B B 73 e 2 i X
s, TAE R VHL AR, U bk 2 4 i 3 1 TR
FRIX AL T L RTE . X IRY, IR
R RE 5 I ZH ST 25 T A 5 2 DR AN AR 2 1 AR 5%
M52, NRBERTT IVIE R St 1 —Fh PRk
(ISP ZNIbE I EREE

4.4 EAREKFS REHIFRISERITN

N KR 732 4K2 (HER2) FIAEF1ESET:
ficf1 (PD-L1) %58 HIFRIAKF 218 5 7L
it e 5 22 o o980 A ) 9 T AN G VR TT I S AE b
BV ARG 7 A I e A4k 2E (THC) Fl
WAL ZAE (FISH) AUKH & &, H
FEAEREE e, EEMEZE . RS
RN B NHEY) Fr b X L 8 1 R 08 KCF 3 it
THBIMRR TR, — 7% F & T Transformer ]
TransMILAE Y, 78 P4 F5BRI0R 5 A 75000 7L 9 PD- L1
FIEMAUCIAEE] 170.833, FELERSL Ah#8 Ik £
U3 70.799AUC, Eon i B IEs 0z g
11451 55— TR IF K IIMILT T E, H T A
JiE WSTH ToUll 88 LU B9 73 (TPS) , H 5 B %
FAG I — Bt (A2 R E0M0.960)
I REA R D ) 22 461, BR T TN AR A
brEW, URIE S ST IE e HE— 2 2 b7 e I8 G 92 S 34
Bi (TIME) KIS ZHFE. flhn, AR7AA DL
BRI (TILs) W%, =Rk g
(TLS) HIAFTE LA S g% 7Y (47,481, — Tkl xf iF
YT Jes AT FE R A, 3T ATRR S B 2L Ak 0% T 2
Tolt 632 R 9E 3 RURFAE B IR A, HLAUCTE BITE
0.78%20.922 [H], FF H LAY w&y B 5 I X 3k & 25 ik
LA S A PRI AT i [49]. IX LB RE S N
PEVRTT PORPRAE T E AT AN ARG R, AT
ERAER S E.

5 GRS KRR RS
5.1 HIEFRHBMESEEIZ0EE

AFBERE ASFBE % PR AR Gt sk A 3 B0
KR ESR, BIERRLSE, =20 N T8 e A s Hl

https://cn.scinovapublishing.com



BRBE: HT N LERBIINE > TRAE, WIEEZEN T B4R
Lizhen Li, et.al.: Artificial Intelligence-Based Prediction of Tumor Molecular Features: A Review from Morphology to Molecular Pathology

RN FH A% CoOfRE, P B 1 R A Iz AL e
XA S o AR AR AE — A O IR H ) e PR RE A
B, a5 —hOor Bk B s EE T, AL
FEG R SZ B A 2 HE7[50]. AR VLR — ] #, B
FAEfeh T2 M RTr %, OIS G R EoR
RAEFUAN Ry AR AR A, DL R B P i S AR Rk 4
ANAS TRV R 2 1] (PR AE 43 Al 22 R[S 1] BEAh, Ar
HEAG Y (R 2 DD BB AR e e i T
1B 58 40 bR B A 22 A7 i EOR PR . NGz ok
B, LG IW ST B HE A 0 2 3R Tt
B EBERCHE, ITFEZ PO KR PME
5k, DA ORBIRAEAS [F]llm PRI 53¢ T BOAGE 1A
AT FEPE[52].

5.2 AR SIRRISEE

TRPES: SIRERLN) “BAAH 7 4 B2 A I PR ok
MBS 2 —,  BE A e DR AR A R A o T )
WA, AT Pl 25 SRk = A AT [53]. A T kst
R AT, DB IR TR IREL KBOE
B (CAM) ZEn[ WAk J7 vk, XS4 R GE 6% 2 /s p
TUTEA e SR B SOOGTE I BUR X [ 54]. 4R,
X LT ALK 45 B B TT RS = BE A 1R B AR SO0
J7, BRSO 1 IX 38 7E 5 BE 2 BT e O R DG B
FRAE, IXPR® 7 HAE NG R UESE M E[55]. K
Sk, FF AT AR R Tk T SR VAR B i R B ), B
K 9 RN R P vk B 2H 2 R 2 M A | AR Y
B, SRR (I R B F A R AR A i
B, DTS S I RS AT 2 I E ATEE S B2 1B o 1
SEFR B FH[56]

5.3 MR EEMREEER

X AR RARR SR RIE AT 17> FHFAE, A
TR R A R AR AR AU, X e B0
FER I NIRRT, AT B SRR HE IR T AOBL 2571
RIS, AR BHE SN 2 51 A AN 0 ZE ) Ja BB ME I
W R AT RO ELE Jy, B S A S
IR SR . DIk, N7 A K B AS E BE A
O3 2 O A RN A OC HE L, ) U A R T 4 R
BEAT IR EARIC Y “AFRfIN” o BEAh, SiG

https://cn.scinovapublishing.com

BLASEHE, WRRME R R R R E R R 4 255
W, DLECR BB R R %, AT LA RICHE e T ()
R, FRARBRBAPER, MM TE AL B2 W 1
RS E[58].

54 BE. CESATFHEES

N T R TR B8 73 TR AIE (1 B2 T 28 TIE %
BMANARG, 5 B R ATIE I AR R IR R IR B I
PRA BN 22 A, T R SR AR WAL AR P ik o - i3t
NIGRNFH  BeAk, BRI ZR3iE 2 RIE T min &
BURTENBE, IX AT g 5 S0 AL7E F AR B 5 IR P
ZHIXRILTF R, 51 KA FHERES9]. Kk, ©»
U T P AR B RA OR A . RV I B I PR 52
EVHESEAC R, MORBOAR A ] K, 8 b e
RITRIRTRCA . Rk, T[EELAETZHMA
BRI, 2 0BG UESUIR 4L, JRHESh I HE 42
M6, DA HE AT ARTE IR 20 T REAE T 4508 )
TR 2 M [60].

6 &it

BB S IR A S BRI IR Rl IEAE
HE MR 7> TR I e . X —BORER AR 1Y
RO UHEA T, B EREARRB & BT, M T
R S HERE 27, e N2 T H MHE B (0] v i)
RBRAS L e R TN, DT AR o UK oA ok g =
MIHEN T, o 58 2 i85 0 2 BRI PR 3 X 1Y
BERZM . NILHEBTTORE, R SRR AE L
PEARENE. WahFERRA . i RAL g & i
RN R 7 T AR AR AT+, AUCHE A
#0.8220.95, X VEREACT S FEBL H s AR FE AL
DR

SR, AEH SR RO RIS, 0 20 R A
R /TP B R IR . AS R F 7 18] 1) s 7
Bk, GfERGER. AR S . AL
FERPRESRHERI A — 2, SEAZ R L,
[ — AR TR AE AN (RS BN AR (0 R IR A B 2
I B Pe ks 1 A 2 i N B RER (D WS
BRI G . B R R v B I A A
TES IR 5, BEE PRSI RS ATA]

e 49 .



E1EE 14
202698

Volume 1, Issue 1
September, 2026

FEREIE KSR, T I PRI A U 47 5 58 SCSEFR R 37
SR HITEREBRE S KA DR . AR 7T 2 18]
RZESE, PIINSC TR A RALSEIE R R RBUEZ L
rerRE e, R RN ZEE SR (S
M. Fesgdl, BRAE , ELhs BB F—Hbr
MIAS A, SOE KRR 2 HhC (S HLAA S Ik
KA. KRR TN RET AT — R ER
HEAL . TFBOL ISR S 5 PFIHESE, DU T
BV AT L PRI AT BT R R R A TR R L
EHE SR ) T ARV E RO, A TN AR TR
W ATEEMR, =N ACT R PR M N
2, BORBORZLAAS RS E A 22 1 .

%, X— “RE-2T7 PR K I
i, AMETBEREG TN, e+ 5HIAN,
TR LT T KIS fltn, TREESE ST AT ARy
P19 TR, DRI ) KU R 8 5 A AR
FRE I AR 7> AT AT I, AT AE DRAIE T B
PE AT 52 Sk 2 PR A I A S I ] . S BOR
JRFARE < W PRISIEVR B 5 M8 5 MUk = 38 1187
i, X G SR A BRI IR B AR, I
ZIAEUERTRT AN RGBT BT R
DSy O /A 360l 077 RSP

SE R

(1] 5K 7 40, 5 20 2 N 128 B8 08 AT 72 (0], AR i R B2
££,2022,30(10):1887-1889.

[2] Kourounis G, Elmahmudi AA, Thomson B, et al. Computer
image analysis with artificial intelligence: a practical
introduction to convolutional neural networks for medical
professionals[J]. Postgrad Med J, 2023, 99(1178): 1287-1294.

[3] R 2 R8N LR REAE IR 20 7 23 B b i BT[]
PRSP 44 E,2024,44(3):419-425.

(4] £ 2 A N T8 BE AR BloB b B9 R [T g o
J#,2021,19(21):2184-2184.

[STLi X, Yang X, Yang X, et al. Machine Learning-Based
Pathomics Model to Predict the Prognosis in Clear Cell Renal
Cell Carcinoma[J]. Technol Cancer Res Treat, 2024, 23:
15330338241307686-15330338241307701.

[6] Pfahl EL, Pracha NS, Emlemdi MH, et al. Artificial

©50 -

Intelligence in the Diagnosis and Prognostic Stratification
of Hepatocellular Carcinoma: Current Evidence, Clinical
Applications, and Future Perspectives[J]. Biomedicines,
2026, 14(3): 505-526.

[7] Van Dieren L, Amar JZ, Geurs N, et al. Unveiling the power
of convolutional neural networks in melanoma diagnosis[J].
Eur J Dermatol, 2023, 33(5): 495-505.

[8] Alkhathlan L, Saudagar AKJ. Predicting and Classifying
Breast Cancer Using Machine Learning[J]. J Comput Biol,
2022, 29(6): 497-514.

[9] Alsallal M, Habeeb MS, Vaghela K, et al. Artificial intelligence
in gastric cancer: a systematic review of machine learning
and deep learning applications[J]. Abdom Radiol (NY), 2026,
51(4): 1694-1710.

[10]Gupta I, Singh S, Gupta S, et al. Classification of
Brain Tumours in MRI Images using a Convolutional
Neural Network[J]. Curr Med Imaging, 2024, 20:
€270323214998-e270323215006.

[11] Ozcelik N, Kivrak M, Kotan A, et al. Lung cancer detection
based on computed tomography image using convolutional
neural networks[J]. Technol Health Care, 2024, 32(3): 1795-
1805.

[12] Nawaz K, Zanib A, Shabir I, et al. Skin cancer detection
using dermoscopic images with convolutional neural
network[J]. Sci Rep, 2025, 15(1): 7252-7282.

[13]Zhang P, Yang Z. Convolutional neural networks:
applications, challenges and future prospects in brain tumor
research[J]. Front Neurol, 2026, 17: 1759459-1759464.

[14] Alghamdi M, Alsamri J, Almustafa KM, et al. Computer
vision assisted deep transfer learning model for accurate
grading of renal cell carcinoma from kidney histopathology
images[J]. Sci Rep, 2025, 15(1): 36005-36024.

[15]Pan Y, He L, Chen W, et al. The current state of artificial
intelligence in endoscopic diagnosis of early esophageal
squamous cell carcinoma[J]. Front Oncol, 2023, 13:
1198941-1198952.

[16] Kadir AKMS, Asaduzzaman M, Kundu J, et al. Integrating
Genetic Insights and Artificial Intelligence for Enhanced

Oral and Maxillofacial Cancer Care[J]. Methods Mol Biol,

https://cn.scinovapublishing.com



BRBE: HT N LERBIINE > TRAE, WIEEZEN T B4R
Lizhen Li, et.al.: Artificial Intelligence-Based Prediction of Tumor Molecular Features: A Review from Morphology to Molecular Pathology

2025,2952: 107-124.

[17] v B8 MU, B A, B 32, S N T3 BB AE R S 18 25 v 1y 2
R [J]. A [ iR 4R 7,2026,18(1):22-30.

[18] Yahaya BS, Osman ND, Karim NKA, et al. Radiomics and
deep learning characterisation of liver malignancies in CT
images-A systematic review[J]. Comput Biol Med, 2025,
194: 110491-110505.

[19] Wang J, Gao G, Tian C, et al. Next-generation sequencing
based deep learning model for prediction of HER2 status and
response to HER2-targeted neoadjuvant chemotherapy[J]. J
Cancer Res Clin Oncol, 2025, 151(2): 72-82.

[20] Poalelungi DG, Musat CL, Fulga A, et al. Advancing
Patient Care: How Artificial Intelligence Is Transforming
Healthcare[J]. J Pers Med, 2023, 13(8): 1214-1226.

[21] Schulz S, Jesinghaus M, Foersch S. [Artificial intelligence
in diagnostics-a pathology perspective] [J]. Pathologie
(Heidelb), 2026, 47(1): 42-47.

[22] Akbarnejad A, Ray N, Barnes PJ, et al. Toward Accurate
Deep Learning-Based Prediction of Ki67, ER, PR, and HER2
Status From H&E-Stained Breast Cancer Images[J]. Appl
Immunohistochem Mol Morphol, 2025, 33(3): 131-141.

[23] Xu Q, Xu QQ, Shi N, et al. A multitask classification
framework based on vision transformer for predicting
molecular expressions of glioma[J]. Eur J Radiol, 2022, 157:
110560-110567.

[24] Kai C, Tamori H, Ohtsuka T, et al. Classifying the molecular
subtype of breast cancer using vision transformer and
convolutional neural network features[J]. Breast Cancer Res
Treat, 2025, 210(3): 771-782.

[25] Veljanoski D, GolbafA, Chawda P, etal. Artificial intelligence
pipeline predicts the integrated molecular-morphologic risk
score of meningiomas from routine preoperative MRI[J].
Neurooncol Adv, 2026, 8(1): vdag017-vdag027.

[26] Bi Q, Ai C, Meng Q, et al. A multi-modal model integrating
MRI habitat and clinicopathology to predict platinum
sensitivity in patients with high-grade serous ovarian cancer:
a diagnostic study[J]. Int J Surg, 2025, 111(7): 4222-4233.

[27]Li W, LiY, Gao S, et al. Integrating lipid metabolite analysis

with MRI-based transformer and radiomics for early and late

https://cn.scinovapublishing.com

stage prediction of oral squamous cell carcinoma[J]. BMC
Cancer, 2024, 24(1): 795-806.

[28] Balezo G, Trullo R, Pla Planas A, et al. MIPHEI-ViT:
Multiplex immunofluorescence prediction from H&E
images using ViT foundation models[J]. Comput Biol Med,
2026, 206: 111564-111577.

[29] Yin Y, Sun Z, Deng X, et al. Integration of deep learning and
radiomic features from multiplex immunohistochemistry
images for reproducible Multi-Outcome prediction in a
Multi-Center study of colorectal cancer[J]. Int J Med Inform,
2026, 214: 106436-106453.

[30] B, 28, U PR A5 JE TR B ML X 2% 14 22 52451 27 2
HEZR S A P B A% 22 T0UJ B 6 b 1) B SR 0 (7],
FR22 4K 2021,50(10):1116-1121.

[31] Murchan P, O Broin P, Baird AM, et al. Deep feature batch
correction using ComBat for machine learning applications
in computational pathology[J]. J Pathol Inform, 2024, 15:
100396-100407.

[32] Hezi H, Gelber M, Balabanov A, et al. CIMIL-CRC: A
clinically-informed multiple instance learning framework
for patient-level colorectal cancer molecular subtypes
classification from H&E stained images[J]. Comput Methods
Programs Biomed, 2025, 259: 108513-108522.

[33] Xu H, Wang M, Shi D, et al. When multiple instance
learning meets foundation models: Advancing histological
whole slide image analysis[J]. Med Image Anal, 2025, 101:
103456-103476.

[34] it B XA, B AR 0, A 6 T SRR A 22 S o7 ) UL 4
TR 73 2800 A B AW R 2 TR 77 41,2024,43(6):652-
661.

[35] Lingasamy P, Ostrowska-Lesko M, Tsakalis P, et al. Deep
learning-based prediction of gene expression from

histopathology identifies NRSA1 as a candidate biomarker

and druggable target in high-grade serous ovarian
carcinoma[J]. J Ovarian Res, 2026, 19(1): 210-227.

[36] Nap R, Aburidi M, Marcia R. Contrastive Pre-Training

and Multiple Instance Learning for Predicting Tumor

Microsatellite Instability[J]. Annu Int Conf IEEE Eng Med
Biol Soc, 2024: 1-7.

e5] .



E1EE 14
202698

Volume 1, Issue 1
September, 2026

[37] Pan L, Luo J, Nie C, et al. A Deep Learning Framework
Integrating Tumor Microenvironmental Features Accurately
Predicts Multiple Driver Gene Mutations in Lung Cancer
Pathology Images[J]. Cancer Res, 2026, 86(5): 1319-1337.

(381 HLAR 53¢, i 3 7 B T 0URUBE VR 2 2 =1 1) FF 440 i e 5 R
TR ik DR SR AR T (] A HEL R A o4 35.,2026,38(5):338-
345.

[39]Hu Y, Sirinukunwattana K, Li B, et al. Self-interactive
learning:  Fusion and evolution of multi-scale
histomorphology features for molecular traits prediction in
computational pathology[J]. Med Image Anal, 2025, 101:
103437-103453.

[40] Ghaffari Laleh N, Muti HS, Loeffler CML, et
al. Benchmarking weakly-supervised deep learning pipelines
for whole slide classification in computational pathology[J].
Med Image Anal, 2022, 79: 102474-102490.

[41] Miao J, Liu Q, Zhao J, et al. Multimodal artificial intelligence
predicts PIK3CA mutation in breast cancer from digital
pathology and clinical a multicenter study[J]. Cancer Biol
Med, 2026, 23(3): 430-450.

[42]Li J, Zhang Y, Shu W, et al. M4: Multi-proxy multi-gate
mixture of experts network for multiple instance learning in
histopathology image analysis[J]. Med Image Anal, 2025,
103: 103561-103572.

[43] Zheng Q, Wang X, Yang R, et al. Predicting tumor mutation
burden and VHL mutation from renal cancer pathology
slides with self-supervised deep learning[J]. Cancer Med,
2024, 13(16): €70112-¢70123.

[44] X BH, 2 gtk N 4 REAE &5 B 73 1 B2 I vh (R ATt
UL R [J]. 12 Wi B 24 42 E,2026,33(5):752-757,762.

[45] Da Z, Yang H, Zhaxi B, et al. Multiple instance learning-
based prediction of programmed death-ligand 1 (PD-L1)
expression from hematoxylin and eosin (H&E)-stained
histopathological images in breast cancer[J]. Peer], 2025,
13:e19201- €19224.

[46] Jiao F, Shang Z, Lu H, et al. A weakly supervised deep
learning framework for automated PD-L1 expression

analysis in lung cancer[J]. Front Immunol, 2025, 16:

1540087-1540097.

5

[47] Xia P, Chen D, An H, et al. Learnable prototype-guided
multiple instance learning for detecting tertiary lymphoid
structures  in  multi-cancer whole-slide pathological
images[J]. Med Image Anal, 2025, 104: 103652-103678.

[48] Zhou Y, Shu X, Wang F, et al. Prediction of neoadjuvant
therapy response in breast cancer based on interpretable
artificial intelligence[J]. Int J Surg, 2026, 112(1): 1066-1080.

[49] Zeng Q, Klein C, Caruso S, et al. Artificial intelligence
predicts immune and inflammatory gene signatures directly
from hepatocellular carcinoma histology[J]. J Hepatol, 2022,
77(1): 116-127.

[50] Kawka M, Dawidziuk A, Jiao LR, et al. Artificial
intelligence in the detection, characterisation and prediction
of hepatocellular carcinoma: a narrative review[J]. Transl
Gastroenterol Hepatol, 2022, 7: 41-55.

[51] Hosseini SMM, Hannetel P, Di Cataldo S, et al. Uncertainty-
aware Al for tumor subtyping with histology and
immunohistochemistry: A multi-center study in Renal Cell
Carcinoma[J]. Comput Methods Programs Biomed, 2026,
282: 109373-109387.

[52] Calderaro J, Seraphin TP, Luedde T, et al. Artificial
intelligence for the prevention and clinical management of
hepatocellular carcinomalJ]. J Hepatol, 2022, 76(6): 1348-
1361.

[53] Sinha T, Khan A, Awan M, et al. Artificial Intelligence
and Machine Learning in Predicting the Response to
Immunotherapy in Non-small Cell Lung Carcinoma: A
Systematic Review|[J]. Cureus, 2024, 16(5): €61220- ¢61229.

[54]Li K, Qian Z, Mao J, et al. Applications of artificial
intelligence in postoperative surveillance and management
of esophageal squamous cell carcinoma[J]. Front Artif Intell,
2026, 9: 1806691-1806703.

[55] Kumar N, Kumari S, Sultana S, et al. Early detection in oral
cancer: Are we prepared for artificial intelligence-driven
precision medicine[J]? Ann Med Surg (Lond), 2026, 88(1):
1046-1047.

[56] Shaktah LA, Carrero ZI, Hewitt KJ, et al. Application of

artificial intelligence and digital tools in cancer pathology[J].

Lancet Digit Health, 2025, 7(10): 100933-100939.

https://cn.scinovapublishing.com



BRBE: HT N LERBIINE > TRAE, WIEEZEN T B4R
Lizhen Li, et.al.: Artificial Intelligence-Based Prediction of Tumor Molecular Features: A Review from Morphology to Molecular Pathology

[57] Prelaj A, Miskovic V, Zanitti M, et al. Artificial intelligence  [59] Baughan N, Douglas L, Giger ML. Past, Present, and Future
for predictive biomarker discovery in immuno-oncology: a of Machine Learning and Artificial Intelligence for Breast
systematic review[J]. Ann Oncol, 2024, 35(1): 29-65. Cancer Screening[J]. J Breast Imaging, 2022, 4(5): 451-459.

[58] Zhang X, Yang L, Liu C, et al. An Artificial Intelligence  [60] Mansur A, Vrionis A, Charles JP, et al. The Role of

Pipeline for Hepatocellular Carcinoma: From Data to Artificial Intelligence in the Detection and Implementation
Treatment Recommendations[J]. Int J Gen Med, 18: 3581- of Biomarkers for Hepatocellular Carcinoma: Outlook and
3595. Opportunities[J]. Cancers (Basel), 2023, 15(11): 2928-2944.

Copyright © 2026 by author(s) and Scinova Press limited.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

https://cn.scinovapublishing.com *53-





