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[ Abstract | Accurate diagnosis of lymph node metastasis is critical for cancer staging, treatment selection, and
prognostic evaluation. Computed tomography (CT), as a conventional imaging modality, plays a significant role in diagnosing
lymph node metastasis. However, it remains limited in the identification of nodes with short-axis diameter <1 cm and
micrometastases. In recent years, artificial intelligence (AI) technology has advanced rapidly in the field of medical image
analysis, offering novel technical pathways to improve the accuracy of CT-based diagnosis of lymph node metastasis. This
article reviews the research progress in Al-assisted CT diagnosis of lymph node metastasis, with a focus on the technical
characteristics, diagnostic performance, and clinical applications of radiomics, deep learning, and their integrated models
across various cancer types. Future directions and existing challenges are also discussed.

[ Key words | artificial intelligence; computed tomography; lymph node metastasis; radiomics; deep learning

[ Citation ] XING W, BIAN Y, SHAO C. Artificial intelligence-assisted CT diagnosis of lymph node metastasis:
integrated models, multi-cancer applications, and interpretability challenges[J]. Acad J Naval Med Univ, 2025, 46(12): 1525-
1531. DOI: 10.16781/j.CN31-2187/R.20250456.

a8 AE B B B 2 i B ) B R 4x BRI
W AT R R, . R B
T 4 EL R AR R O P AR B AR T N
67.5% ' o WKELGEHEASIRAS S e A . 155
R CINTFARYER . R ZH BT )

[ BH] 2025-07-07 [#EZHE] 2025-11-10

PGB HE UG N F RN R —, HAERiZExr ik
BEEMAAEEEYL

H AT, 0255 5% 1912 W 4 A o 208 22
oy, (H AR AT R B 20 T i 4 i 2 A
7% (fine needle aspiration cytology, FNAC ) #:{E

[E€THE] ERARRFIEE(81871352,82171915,82171930,82271972,82371955,82202125 ), G BHER AGIHT 8 - 1 SRRl 23
4 (21ZR1478500,21Y 11910300 ), b7 H1REEE B & J& AL RIFE 4] ( SHDC2022CRD028 ), ifg i TUA g R 5 233k 43 ( 2024221015 ),
AN T e dE R A8 #E-L 11141 ( 2024RGZDO001 ). Supported by National Natural Science Foundation of China (81871352, 82171915,
82171930, 82271972, 82371955, 82202125), Natural Science Foundation of Shanghai Science and Technology Innovation Action Plan (21ZR 1478500,
21Y11910300), Clinical Research Plan of Shanghai Hospital Development Center (SHDC2022CRD028), Shanghai Municipal Health Commission
Fund (2024ZZ1015), and Plan for Promoting Scientific Research Paradigm Reform Through Artificial Intelligence (2024RGZD001).

[EEEAT i, fi-1/: . E-mail: yjlssxwt@163.com
" {EVE# ( Corresponding author ). E-mail: cwshao@sina.com



e 1526 -

MEREERFFR 20254E 12 A, 45 46 4

fifE, (H BB LU A PR AT BE SR . iy
W25 75K (sentinel lymph node biopsy, SLNB )
K00, (HATRED R F UK ARG IE & IE ™ .
PET-CT fEHEAT 42 B4, (B H% B Dt H 6N
okt AR R, BRI T Y . CT IR TG
Bl U B ELHE R T I IR B AR
G TB . SRT, CT A AR T3 15RH B A 1Y
FIHAL, FERFPESAMA . ROFRUh (<
1 em ) BN LG BE AR 54 R U0k L 45 Psf R B Fn— S
AR

SR RIS Pk, TN TR BB (artificial
intelligence, Al) A5 S EAAGTH AR N Z A
SUARZH 230 o e 3 AR I A MG Y e REE A
IR NAESE IR IE™ . IR, FRBI R TEM
M2/ 4% ( convolutional neural network, CNN ) [1)
AR, REGS F S N EIR 22 260 . HAESAHE
PR AEE, WD T XPRAIE TR R, FEBR 225
GRS T M ME R L S e R g
frr CT 2 Witk EL 25 56 8% 1 MERf M A mT 8142 PR AL T
B, HAie A KE 5o & T 50 3
— PR ATBE R O A g S AR SIS 1 D
ALK BIE RS LS5 AL B CT 2 Wik R 4574 58
MBI, ST HAOLRA S PRAR, JF Rk &

1 ALHEE) CT 2 W B SEB R OE AR

ALFBh CT 2Btk L ASFAL A # PR A AL 55
Bl B RIEA RO (&) o Ao
FEUESE, FET CT (1 AU N 22 bR ie ik L 235
BRI Ak,

A R b e 15
SRV AP P, N Pl
e AR

L ke

A M - 45 4 TR S5 AT )

ZEM A — Y JR R
Bl 1 BRAYSRES STHARBE R RME R
e T2 98 B L R S BT BB 4 . ROT BB IX

A5t 35 ONN : U 22 [ 25
FT1 ALEE CT 2B EEBHRERERAR
JERl BRI AUCTH ESL 2R HOR GRS Il R
il 2 1R4%% 0.686~0.880 Yan 2517 XU IR (R b LS ) SCPRARAE B e N LA R 1

BRI 0.948~0.961

LI IS M
3D CNN+AG L 2245 1F SHAP/
Grad-CAM A ¢4k

Ma%tm

FlAH 0.907 (FMFERIIE) YinZ£M" Swin Transformer 2244 [ Zh45HF
2]
M R4 0.872~0.938 Ding 25 g A gy S Bt Rk
TEIE2E>) 0.876 (HMHBKIE) Jin %2 Transformer 22 3 25 20 HH/ 2 A5 4%
TE5yHT
AR 0.822 (EFRZ L IAIE) Dong 25122 T 2% 3 51| 4 [ F0 bk O 45 6 7%
g
eI TREE2ES) 0.92 Bian %50 [ B> BRI i S R 24/ ik
2 2 TR AR AR
AlAH 0.88~0.91 (ZHLLITE) GuZE'™) UL IR 2 S B
SLHHS BhAHEE 0.950 Chen %5 ! HIF Fill 25 5 W F) ALY
i

AL 0.83 (JA#FE &), 0.90 (I Bae %™

Bz A
FlE L 0.89~0.90

fitp ) P Ty ML A L 5 1

Wang %" % 2 Rl £ Jems IF % 3D +2D
W T )

P/ JEOR G (L 25 e RS 1 2
52 WAl DI BR T AE

JeBIGH AL R L 45 52
5 AT ARG T U
U K L 45 4 B RO B S A AT
Tl Bk

T AEAT TR DA

T Ies LA 3
B AR FAS AU D25 7S

e RAGE, B2 W

i e o B R L2 5 R S A

AL N TARE; CT A ALNZ 3 AUC I T AL ONN BRI 2 4% s SHAP : Shapley T I :A# R ; Grad-CAM : B &

eSS TR



MR R AR 2025 4F 12 H, 55 46 %

e 1527 -

1.1 FBasA PARH ST AR
CT E% =y 8 HE BN IR TCvk 70 HE a9 e JERRAE (4
AR —Brgeit. soiaE) |, D bR R S
P MEREE S R, MR N TR - i 25 2
— I XF R /N2 it R B K8 meta A3 BT W, S
T CT By 5L 21 #1557 T 0 9k B 465 e B 0 i R
N 0.84 (95%CI 0.79~0.88 ) , H5 5 Jy 0.82
(95%CI 0.75~0.87) , AUC {5 ik 0.90 (95%CI
0.87~0.92) "7, [ARE, fE4E EmE Y it g
WHFL ORI 2 b, ARG A R I T B T
PERE . SARAL AR TN bR R 25 5 45 B AR 3 AE TRk
i s AL IR I AOUL S B 1 5 R e B — 5 Y Al il e
PE, A7 Bh TG RBRAR ;. XPEICHE 1 A 7 SRR 2
SN AHWAFAELL T PR YR S EARE T Tk
H a0 g o351, #ERT H A 5| ABEE RIS &
AR ) T BT LA TN GE B IOME RS 5 BIAUPERE

TS . WESEEES IR R, 21k
JrTamBEEAR o

12 WREF IR REFIBA, FE5E CNN
R HAT A B9 e R 484 (4N Transformer ) , AEW%iH
1t Z2 E M 28 25k E A DRI IR = A A 32 > o3
JERHAE, Toits Tah B R s iE > L Xl e
b PR 2= () UGB AR T 55 h R I i B R
40, Ma 25" 5% ] Swin Transformer 224 FF % 1)

P ——

It R s AR EL 85 2 B UM B AR, 7 3 2l 37 BA B o
AUC {H % 0.948~0.961, B &I TAEG M AR
YRS AR 4 2447 (P<<0.05) . Zheng %" 5T
Transformer [ % 2% 455 750 13, 1%, g FH 1 T 00 55 9 8 4
BIEST IS R LS55, TalRER B i A fd i PERE
TR B 2 > RS TR T0 00 bk 2 25 5 AL i IR S i . i )
Ui F SRS, KEEE R BEA RUEH PR ER IR
2 AR R SUE R TERFEARE Tk
R, AR R B FE 385 77 Z AR |
R R AR BRI ORI PR M
Tt FRBR = 35 W] LA AT fg B, Semim R g it
RRIRTR, ERE A 5 = ATHE A AN
it o 2 A L DRI T 225 S A mT A

13 REFILEHBAFZROER HTHERE
JE 2 > 5 K A RE 7 5 5 15 20 S FEAE 1 AT A
PE, mABR N Em A (R 2) o AF9R R, &t
RS BL BRI A SIS ERE S UM BE 4D . Wang 251
FEMESEAR AL A B 58 Th, RS T 3D IREES: )
2D VREEZE 2] | SEAR L 2E R RACE R R e i
BAF S T e (9 AUC {H (0.89~0.90) . [F]
BE, 76 B R0 Y oh, Rl R S B
T —FR Ty, SR, (AT R IE DR AR
REAT R EREFET, X RIT T RE I Y Al A HE
BB RO Y

[ &g b3 I S E 2 (4] I
: e N (7T T !
e | = )
i "ea . SRR . o |
o @l el e, [ KGR ) e, GG '
I CT Bl 1 e g2k L LERERG Y {
[ | | HE Bk do ‘ |
[ 1 1
I ' -
, L R B :
| Rl I A E S . At A
[ 224X R : ' LR 4:,5;;%? R o ;vjlujzjffﬁ:f;n%+ R :
2 1 B (0 g1 22 VR E 2% 3] 5 R PR bt !
| EUGEERAE ! ’ﬁ/%jn - 2”‘%? 2 || TEHRE w ;;M*ﬁﬂiu&%+ —>  TEKE 1
i I T RHIE LR PR AR A LERER
. b Hifers i AR i |
| I
| | ! T 1
I
' 2~ b ok '
| - ~ | 56153 X561%% X48 56153 X5615% XC 2B (GHEXBGHEXIC  1415EX14GEXAC  TI4E XT3 X8C I
[ i ROI B L L2 L3 LY |
I | o = w5 2 g I
| | I s % ﬂ“‘zN Swin = Swin & Swin & Swin & I AT |
| | I LY ¥ — 32 - Transformer — FE —» Transformer '— ﬁUE - Transformer — *UE > Transformer '—> ;}; — TEE |
| L mmxenx o || | P || BB || B B | B i e |
| | %3 o @ & o 4o dn 2 I
] D s X2 X2 2 X2 J2 X2 2 |
( ) ! I

L e e o o

B2 B2—RERHMGEEEERER
CT: HEHLWTZ T4 ; ROT: JFO%HK X Jak ; C . il 1B 5.



e 1528 -

WFELZEER AR 2025 4F 12 H, 55 46 %

2 AL%HB) CT 2T &R B AR RS B AR R

2.0 AR AE/INAN M 2 5 BT A i g g 1A 1)
85% 7, LMK B 45 55 A 0K A5 R B WA T SR W 1Y
SEERUE R ED L B TR Ma 2 B T Swin
Transformer 42 i) = PEREAS AU AN, ARG TRIE
W E R S, Yin 2" JFR T —AEla CT
SRR RNIG PR R 2SR EE 22 S iR, FEl
SEAMR B UE LR AUC{E 35 5] 0.907, [R]BFSE8L T
0.878 MR, I T 2[5 B AN E. Yan
SEUTIIE R R - B RIS UK AR 4H
RERL AR T PR IX IR ( AUC K 0.794 ) , UESE
T Z XA @M. XA FAS CTIES
SEPPAE 0.7~0.8 B9 AUC fH ™ A 35 A PERE KER,
R R R S IR T AT AR T

22 B BRI S5 WX T e ARG
TFARBEEXRREED B OB ERG
PETFAR B BUG IR E R £ — %
R 2= FE IL N H T2, — 0 meta 43 AT IESE T
HRAFHIZWvERE, 5 InIKAE &5 AUC {H 4T+
0907, A BIT R I, TR NG X A
A2 AR A AR R T R A A (A0S0 B8 I 4
AUCTE M 0.872) , Bl R LTFIT CT i 09 F3)
4325 (AUCTE M 0.674) , i TR &
T FEVRBESE ST T, Jin 4PV IR R I RS
REAE [ A 000 11 9k E 45 3l s M RS IRAS, s
AUC fHik3 0.876, LS AR HALR ( AUC
B} 0.652) , M IREEHE T HRS ALy /0 T .
23 MEME BRARIE TS M 2E, HERR R FTk e
SEPPAT SRR SE I TSRS B0 Y L ARS8 CT 807
JERRRIER R L S5 3 B 1 R ANy 44.2%, R EEN
82.4% 4 L ALHEARM K T %M. Bian 25" F K1Y
4 SR BE 2R 2 BB AE— TN A 734 151l 557 i
I BB RS rh, Sz IR ESE AUC{H R 0.92, B
AR EE A B9 N TR (AUCE N 0.65)
I RASE T ( AUCTH J9 0.77 ) FEGE A% 40 4 )
(AUCE H7 0.68) . Gu 5™ & % IF Ty i 14 J5e it
P28 P 43 D6 RS TR T TOCST A 2 TR 2 > AR,
HAE Z s BB e B sLER YR RE ( AUC {H N
0.88~0.91) , A7 EE Ay 25 e bk I 28505 I 1L 1)
PR HE HE RS ME AR

24 KEEEE KIS E R, Y
MMM, AR ORE R, als
BRI AEIZ AU T 7R SR U 1. Chen 282 K Y

TREE 27 2] 5 2R 20 2 il A5 SR A TN 11 s R 4
TR ELZE 5L 0, AUC (5 ik 0.950, H R
B (92.0% ) BE & TIRKEAL (60.0%~72.0%) .
Bae 252 | ] (&1 4 25 N 46 IF & 1) RadGraph HE 42 fiE
5 B AR AT S SR 22 A e i) DX I A 7233 (] 40 #T,
TE TR A 255 7% 7 T AUC {HIAF] T 0.90, kb 3k
JE& R G Sk 200 R AR B0 55 3 413 R R 0 o
PR RAL T 5 A I 0 EOR 3CRE, AR0RRN T4
CT KT R BR A o

3 HiRBkERS RRME

3.1 KT LHAREALE A BRI AE RO
FRIBE, SR PR R B . SR, ATE
LD CTHI S H . EdEE S R EE K
5, UE IR Az LEE Y Ak,
ARG R 1L (B KA <<2 mm) fFFE2 K& 0]
225 DA S BAME / BIAERE AN Y 45 A TR) R, 3 0T4K
PP AR T R Bk . HEST Node-RADS 4547
AR 2 G ARG (N T8 R A AR IR ST AR A
HIH: EESHE AR ) 45 AL M A
ST

32 BAKIELZALRE S AT HEWFR )RR T
[ B B RO IR, B TR A 4 NS I S T R R
BIFFE Y T 36F T I A 2 A 22 S e B BR5E Hp f)
PEREZ OCH 2L . AUANAE B BUI RIS () 1 g
AR RES o BeAh, b S RO A R R S
MELL T4 0 F T A A, JF &2 S R R S ok
KB E LN, o AR UM i i R P B AL T FE
B IE AT RME

3.3 UEREHLS SR TREEE I E BT
ARG T HAERZ BRI E . WAk AT RS
REAE R BB IR IR TAE R (AR B 5 B RS,
AR FLETE RS ) AR INEA i, 22—
BUSZIRE S peah, RGN B 6 AL B2
HI AL S 53T, XMELASE R B P HUA A T DR
34 TTRBEWRSTREE WEIN BT R
P FLI PRI A RS 2 — 7 B T
gt R TR P DR SR AR I, T I e DR e 5 i o L 5
AAEAES A LT U IR B ke 5
Shapley RJ A i B 7 1 45 ] fif B2 AR Rl AL
B ) 56 1 DX BB AE BTk (I 3) , [Hix sk
IR ATMELL e i n B R R N TR B .
Ak, 2 AL KR A RIZ IR O R RS PR ST A
v AN B



2025 4F 12 H, 45 46 4

° 1529 -

P

1.0
0.8
0.6
0.4
0.2
0 A

iFa
D
Fifkc

EEd
FifiEe
FRIEF
Hiifg

]
]
H5ER ]
]
]
-

LRt
HEAE]
FEiFk

=]
=]
&}
<
~
(=]
=
o
0

1.0

B3 REAHEEEIETEE
A BRI BT W AT DAL L2556 RS O] 5 B - Shapley FT IR BERFAE STHR AT 4]

4 KREEZBRAMERE

4.1 ¥ AKREEAH L) Transformer Jy 0 F 1
T [ 28 B8 RE) A il $E 4 Jmy AR OC & O AR AL S
CNN, H7EZMEER RIS, A WE2#>nl
i o iR B s A T T 2, B SRS fE RH
RERRECE IR . R 27 =) I RETE SR E5 s B RA
FIRTHE T SCE 2 s PR R A, (AR5 22 70 B A
SERRRIX 22 AN " . %4 CT. MRI, PET-CT
SESLARBUE T BRI (BT A Y ) Fa
SN ZH 2R Y R TS IR il 4 T 22 e
A R R E T )

42 EAREATF  ARE AUVBRBUNUZ 2T
H, B RO EE =PRI F R S &
AR AT HE Bl AT 75 FE 2 B AU (7 40 s A
N BEEE R, AL %M ARRHIE T 3 B
Ja bR, WO A L 2 R KU AR
SR, SN “HHBISH 2 “FERISYT B AR
43 AREAERE R IO AL AR B R A
Jig, R T A AR R AR L R RR AN . &
A VEPEAL RN PR 36 1IE 4= i A2 1 2 AR AR v 517 8
L X T LR BN I RS AR . BUERE R
ATWFE NG, fe2eg . WA NG ) Wil 1 A1E,
Fhnam Xt BE 45 A B0 ATEEARRRI, LABRGR AT FE R
PRAZ I A5 2 67 ST H -

5 /N &

AL CT 2 Witk L2582 OB BRI
PRI AEL AN R B0 A e TSt ARG . TRJE
o) B R S TR 22 R Th XU TR gt
TrEBZWIRRE, SAim AR DR SR T 5 ST
RN T Ho SR, iz i aaba i dl . AR

HNARBAIE | i PR AR AT M5B 2Bk Aok
(14 5 JRE 00 3R £ T I KR 22 rh AT PR BT SE,
SRMCR A AT R S R B, Mt RS S
BORMGRERE S, JFE S S8 AL bR S W AEHE
20 WA X [R) ) 3% A0 i D, AT I i A
RHEZY 7 AN TR —8 00, PR ag oA 1
REE

(£ % k]

[1] BRAY F, LAVERSANNE M, SUNG H, et al. Global
cancer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185
countries[J]. CA Cancer J Clin, 2024, 74(3): 229-263.
DOI: 10.3322/caac.21834.

(2] 3KA 7, XA, 45 2022 4R S BREPE PR Se T
fi el 7] . AR 24, 2024,46( 7 ): 710-721. DOL:
10.3760/cma.j.cn112152-20240416-00152.

[3]  AMIN M B, GREENE F L, EDGE S B, et al. The eighth
edition AJCC cancer staging manual: continuing to build a
bridge from a population-based to a more “personalized”
approach to cancer staging[J]. CA Cancer J Clin, 2017,
67(2): 93-99. DOLI: 10.3322/caac.21388.

[4] CHE BAKRI N A, KWASNICKI R M, KHAN N, et al.
Impact of axillary lymph node dissection and sentinel
lymph node biopsy on upper limb morbidity in breast
cancer patients: a systematic review and meta-analysis[J].
Ann Surg, 2023, 277(4): 572-580. DOI: 10.1097/
SLA.0000000000005671.

[5] AKTAS A, GURLEYIK M G, AYDIN AKSU S, et al.
Diagnostic value of axillary ultrasound, MRI, and "*F-FDG-
PET/CT in determining axillary lymph node status in breast
cancer patients[J]. Eur J Breast Health, 2022, 18(1): 37-47.
DOI: 10.4274/ejbh.galenos.2021.2021-3-10.

[6] CHEN X, LIU W, THAI T C, et al. Developing a new

radiomics-based CT image marker to detect lymph node



1530 -

WFELZEER AR 2025 4F 12 H, 55 46 %

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

metastasis among cervical cancer patients[J]. Comput
Methods Programs Biomed, 2020, 197: 105759. DOI:
10.1016/j.cmpb.2020.105759.

WU W, LAVILLE A, DEUTSCH E, et al. Deep learning
for malignant lymph node segmentation and detection:
a review[J]. Front Immunol, 2025, 16: 1526518. DOI:
10.3389/fimmu.2025.1526518.

HATT M, LE REST C C, TIXIER F, et al. Radiomics:
data are also images[J]. J Nucl Med, 2019, 60(Suppl 2):
38S-44S. DOI: 10.2967/jnumed.118.220582.

CHEN X, WANG X, ZHANG K, et al. Recent advances
and clinical applications of deep learning in medical
image analysis[J]. Med Image Anal, 2022, 79: 102444,
DOI: 10.1016/j.media.2022.102444.

BIAN Y, ZHENG Z, FANG X, et al. Artificial
intelligence to predict lymph node metastasis at CT in
pancreatic ductal adenocarcinomalJ]. Radiology, 2023,
306(1): 160-169. DOTI: 10.1148/radiol.220329.

FU N, FU W, CHEN H, et al. A deep-learning
radiomics-based lymph node metastasis predictive
model for pancreatic cancer: a diagnostic study[J].
Int J Surg, 2023, 109(8): 2196-2203. DOI: 10.1097/
JS9.0000000000000469.

LIU Y, REN H, PEL Y, et al. Development of a CT-based
comprehensive model combining clinical, radiomics
with deep learning for differentiating pulmonary
metastases from noncalcified pulmonary hamartomas: a
retrospective cohort study[J]. Int J Surg, 2024, 110(8):
4900-4910. DOT: 10.1097/7S9.0000000000001593.
WANG W, LIANG H, ZHANG Z, et al. Comparing
three-dimensional and two-dimensional deep-learning,
radiomics, and fusion models for predicting occult
lymph node metastasis in laryngeal squamous cell
carcinoma based on CT imaging: a multicentre,
retrospective, diagnostic study[J]. EClinicalMedicine,
2024, 67: 102385. DOI: 10.1016/j.eclinm.2023.102385.
ABBASPOUR E, KARIMZADHAGH S, MONSEF A,
et al. Application of radiomics for preoperative
prediction of lymph node metastasis in colorectal
cancer: a systematic review and meta-analysis[J]. Int
J Surg, 2024, 110(6): 3795-3813. DOI: 10.1097/JS9.
0000000000001239.

CASTELLANA R, FANNI S C, RONCELLA C, et al.
Radiomics and deep learning models for CT pre-
operative lymph node staging in pancreatic ductal
adenocarcinoma: a systematic review and meta-analysis[J].
Eur J Radiol, 2024, 176: 111510. DOI: 10.1016/j.¢jrad.
2024.111510.

BEDRIKOVETSKI S, DUDI-VENKATA N N,
MAICAS G, et al. Artificial intelligence for the
diagnosis of lymph node metastases in patients with
abdominopelvic malignancy: a systematic review and
meta-analysis[J]. Artif Intell Med, 2021, 113: 102022.
DOI: 10.1016/j.artmed.2021.102022.

YAN H J, ZHAO J S, ZUO H D, et al. Dual-region
computed tomography radiomics-based machine learning
predicts subcarinal lymph node metastasis in patients with

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

non-small cell lung cancer[J]. Ann Surg Oncol, 2024,
31(8): 5011-5020. DOI: 10.1245/s10434-024-15197-w.
MA X, XIA L, CHEN J, et al. Development and
validation of a deep learning signature for predicting
lymph node metastasis in lung adenocarcinoma:
comparison with radiomics signature and clinical-
semantic model[J]. Eur Radiol, 2023, 33(3): 1949-1962.
DOI: 10.1007/s00330-022-09153-z.

YIN X, LU Y, CULY, et al. CT-based radiomics-deep
learning model predicts occult lymph node metastasis in
carly-stage lung adenocarcinoma patients: a multicenter
study[J]. Chin J Cancer Res, 2025, 37(1): 12-27. DOI:
10.21147/j.issn.1000-9604.2025.01.02.

DING X M, ZHOU H Y, WANG Y S, et al. CT
radiomics based on the peritumoral adipose region of
gastric adenocarcinoma for preoperative prediction of
lymph node metastasis[J]. Eur J Radiol, 2024, 175:
111479. DOIL: 10.1016/j.ejrad.2024.111479.

JIN C, JIANG Y, YU H, et al. Deep learning analysis of
the primary tumour and the prediction of lymph node
metastases in gastric cancer[J]. Br J Surg, 2021, 108(5):
542-549. DOI: 10.1002/bjs.11928.

DONG D, FANG M J, TANG L, et al. Deep learning
radiomic nomogram can predict the number of lymph
node metastasis in locally advanced gastric cancer: an
international multicenter study[J]. Ann Oncol, 2020,
31(7): 912-920. DOLI: 10.1016/j.annonc.2020.04.003.
GU W, CHEN Y, ZHU H, et al. Development and
validation of CT-based radiomics deep learning
signatures to predict lymph node metastasis in non-
functional pancreatic neuroendocrine tumors: a
multicohort study[J]. EClinicalMedicine, 2023, 65:
102269. DOI: 10.1016/j.eclinm.2023.102269.

CHEN Z, YU Y, LIU S, et al. A deep learning and
radiomics fusion model based on contrast-enhanced
computer tomography improves preoperative
identification of cervical lymph node metastasis of oral
squamous cell carcinomalJ]. Clin Oral Investig, 2023,
28(1): 39. DOI: 10.1007/s00784-023-05423-2.

BAE J, MANI K, CZERWONKA L, et al. Spatial
radiomic graphs for outcome prediction in radiation
therapy-treated head and neck squamous cell carcinoma
using pretreatment CT[J]. Radiol Imaging Cancer, 2025,
7(2): €240161. DOT: 10.1148/rycan.240161.
MAYERHOEFER M E, MATERKA A, LANGS G,
et al. Introduction to radiomics[J]. J Nucl Med, 2020,
61(4): 488-495. DOI: 10.2967/jnumed.118.222893.
LI'Y, DENG J, MA X, et al. Diagnostic accuracy of
CT and PET/CT radiomics in predicting lymph node
metastasis in non-small cell lung cancer[J]. Eur Radiol,
2025, 35(4): 1966-1979. DOI: 10.1007/s00330-024-
11036-4.

TANG C T, WU Y, JIANG L, et al. Radiomics analysis
based on CT for predicting lymph node metastasis and
prognosis in duodenal papillary carcinomalJ]. Insights
Imaging, 2024, 15(1): 155. DOI: 10.1186/s13244-024-
01732-6.



PRI AR

2025 4F 12 H, 45 46 4

e 1531 -

[29]

[30]

(31]

[34]

[36]

[38]

[39]

[40]

LECUN Y, BENGIO Y, HINTON G. Deep learning[J].
Nature, 2015, 521(7553): 436-444. DOI: 10.1038/
nature14539.

ZHENG Y, QIU B, LIU S, et al. A transformer-based
deep learning model for early prediction of lymph
node metastasis in locally advanced gastric cancer
after neoadjuvant chemotherapy using pretreatment CT
images[J]. EClinicalMedicine, 2024, 75: 102805. DOI:
10.1016/j.eclinm.2024.102805.

ZHANG A Q, ZHAO H P, LI F, et al. Computed
tomography-based deep-learning prediction of lymph
node metastasis risk in locally advanced gastric cancer[J].
Front Oncol, 2022, 12: 969707. DOI: 10.3389/fonc.
2022.969707.

CHEN P, LIU Y, WEN Y, et al. Non-small cell lung
cancer in China[J]. Cancer Commun, 2022, 42(10):
937-970. DOI: 10.1002/cac2.12359.

POSTMUS P E, KERR K M, OUDKERK M, et al.
Early and locally advanced non-small-cell lung cancer
(NSCLC): ESMO clinical practice guidelines for
diagnosis, treatment and follow-up[J]. Ann Oncol, 2017,
28(Suppl_4): ivl-iv21. DOI: 10.1093/annonc/mdx222.
WANG Z L, YAN Y, LI X T, et al. Usefulness of
attenuation value on computed tomography plain scan
for diagnosing enlarged mediastinal lymph nodes
metastases[J]. Quant Imaging Med Surg, 2023, 13(9):
5759-5769. DOI: 10.21037/qims-22-1305.

AJANI J A, D’AMICO T A, BENTREM D J, et al.
Gastric cancer, version 2.2025, NCCN clinical practice
guidelines in oncology[J]. J Natl Compr Canc Netw,
2025, 23(5): 169-191. DOI: 10.6004/jnccn.2025.0022.
PHAM H, RICHARDSON A J. The prognostic importance
of lymph node metastasis in patients with gastric cancer
and identifying those suitable for middle segmental
gastrectomy[J]. JAMA Netw Open, 2021, 4(3): €211877.
DOI: 10.1001/jamanetworkopen.2021.1877.
HAJIESMAILPOOR Z, TABNAK P, BARADARAN B,
et al. Diagnostic performance of CT scan-based
radiomics for prediction of lymph node metastasis in
gastric cancer: a systematic review and meta-analysis[J ].
Front Oncol, 2023, 13: 1185663. DOI: 10.3389/fonc.
2023.1185663.

TEMPERO M A, MALAFA M P, AL-HAWARY M, et al.
Pancreatic adenocarcinoma, version 2.2021, NCCN
clinical practice guidelines in oncology[J]. J Natl
Compr Canc Netw, 2021, 19(4): 439-457. DOI: 10.6004/
jncen.2021.0017.

SHAH M H, GOLDNER W S, BENSON A B, et al.
Neuroendocrine and adrenal tumors, version 2.2021,
NCCN clinical practice guidelines in oncology[J]. J
Natl Compr Canc Netw, 2021, 19(7): 839-868. DOI:
10.6004/jncen.2021.0032.

LOCH F N, ASBACH P, HAAS M, et al. Accuracy
of various criteria for lymph node staging in ductal
adenocarcinoma of the pancreatic head by computed
tomography and magnetic resonance imaging[J]. World
J Surg Oncol, 2020, 18(1): 213. DOI: 10.1186/s12957-

[41]

[42]

[43]

[44]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

020-01951-3.

DENG C, HU J, TANG P, et al. Application of CT
and MRI images based on artificial intelligence to
predict lymph node metastases in patients with oral
squamous cell carcinoma: a subgroup meta-analysis[J].
Front Oncol, 2024, 14: 1395159. DOI: 10.3389/fonc.
2024.1395159.

LIU X, CRUZ RIVERA S, MOHER D, et al. Reporting
guidelines for clinical trial reports for interventions
involving artificial intelligence: the CONSORT-
Al extension[J]. Lancet Digit Health, 2020, 2(10):
e537-e548. DOIL: 10.1016/S2589-7500(20)30218-1.
MONGAN J, MOY L, KAHN C E Jr. Checklist for
artificial intelligence in medical imaging (CLAIM): a
guide for authors and reviewers[J]. Radiol Artif Intell,
2020, 2(2): €200029. DOI: 10.1148/ryai.2020200029.
HABLI I, LAWTON T, PORTER Z. Artificial
intelligence in health care: accountability and safety[J].
Bull World Health Organ, 2020, 98(4): 251-256. DOI:
10.2471/BLT.19.237487.

MARKOWETZ F. All models are wrong and yours are
useless: making clinical prediction models impactful
for patients[J]. NPJ Precis Oncol, 2024, 8(1): 54. DOI:
10.1038/541698-024-00553-6.

PAJOUHESHNIA R, GROENWOLD R H H, PEELEN
L M, et al. When and how to use data from randomised
trials to develop or validate prognostic models[J]. BMJ,
2019, 365:12154. DOL: 10.1136/bmj.12154.

CHAN B. Black-box assisted medical decisions: Al
power vs. ethical physician care[J]. Med Health Care
Philos, 2023, 26(3): 285-292. DOI: 10.1007/s11019-
023-10153-z.

GHASSEMI M, OAKDEN-RAYNER L, BEAM A L.
The false hope of current approaches to explainable
artificial intelligence in health care[J]. Lancet Digit
Health, 2021, 3(11): ¢745-¢750. DOI: 10.1016/S2589-
7500(21)00208-9.

ALLGAIER J, MULANSKY L, DRAELOS R L, et al.
How does the model make predictions? A systematic
literature review on the explainability power of machine
learning in healthcare[J]. Artif Intell Med, 2023, 143:
102616. DOI: 10.1016/j.artmed.2023.102616.
BRAUNECK A, SCHMALHORST L, KAZEMI
MAJDABADI M M, et al. Federated machine learning,
privacy-enhancing technologies, and data protection
laws in medical research: scoping review[J]. J Med
Internet Res, 2023, 25: ¢41588. DOI: 10.2196/41588.
SONG B, LEROY A, YANG K, et al. Deep learning
informed multimodal fusion of radiology and pathology
to predict outcomes in HPV-associated oropharyngeal
squamous cell carcinomalJ]. EBioMedicine, 2025, 114:
105663. DOI: 10.1016/j.ebiom.2025.105663.

GOU X, FENG A, FENG C, et al. Imaging genomics of
cancer: a bibliometric analysis and review[J]. Cancer
Imaging, 2025, 25(1): 24. DOI: 10.1186/s40644-025-
00841-9.

[AXHE\E] HWL



