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Abstract

Gastrointestinal tumours are characterised by occult onset, marked biological heterogeneity and a
long continuum of clinical management. Single-source information from endoscopy, radiology, pa-
thology or omics is usually insufficient for screening, diagnosis, staging, treatment response predic-
tion and follow-up. Public databases provide scalable materials for model exploration, whereas
real-world data determine whether algorithms can tolerate variations in devices, disease spectrum
and clinical workflow. This review summarises the value and limitations of public resources such
as TCGA, GEO, cBioPortal and TCIA, discusses intelligent models based on endoscopy, radiomics,
digital pathology and multi-omics, and proposes a translational pathway from public data mining
to retrospective modelling, multicentre external validation, prospective silent testing and impact
evaluation. The available evidence suggests that multimodal fusion may improve the identification
of lymph node metastasis, peritoneal metastasis, microsatellite instability, pathological complete
response and prognosis, but its reliability depends on data governance, annotation consistency,
outcome definition, domain shift control and interpretable outputs. Future studies should move
from isolated algorithms to auditable clinical systems.
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Table 1. Comparison of multimodal fusion strategies in medical imaging applications

1. ZIESHMERBEEF G HRIR AL

BAEE  MUNASH  SESES Mg fhss iR
s SHOFRMMFIA, 5SS
Bggea  JDEEZE o Bmode. SWE. 0 00s, penpmmmAmEGE AR, Ak

WAL SikR% o RS N
PRELH CEUS SlRAHR INEERR LGS BN

DOI: 10.12677/jcpm.2026.54260 363 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54260

- MRIZFA, 8 gy BATRAE,  WAEHRELR,
s TI Tle, T2 g e AR R T
o FLAIR a R A L BAREE LS HO T
o N s
s 8 crwgmeses SRS pposerporen, BN
Y bR BT e et At fr
A AR AT
I P 2 S AUC 1% 0.9854, T § g
e WY B-mode. SWE. i fii A4ty f@@?ﬁﬁng et
BERE oy ww CRUS SRR $ 7} REwELTLe, B B,
B ey ROBEEHEE SRR

5. NaHBERESIIEAKREIE: FUHEE
7]

718 R RE TS Wt R BT o A AN E SN B S — BB AL R R, H bR
W EIERHIE . 7> B EGRR M SRR R Z MBI LR P B S E ARG e . EE AL AIb
PR AR IR UE, B S OB — A JLBAS . 2B R BOR A B O BRI BUE A,  H AR A I P
RO RS BB L hr s, AR RERARFIAR S E Lo 3= B 2 H 0 ARIRHIE, B 5 s iy
TEAR VA BRAE . B M OISR Hh i A e M

S VUPY B AT e MR ALG, RO PR LS TARR I AT, (ARSI Rk . % B
ATPRAL AR L M RIS ] ORI R AL AT SR PERE, R LU R TN 5 R A s A R 2
B — 8. B AP BOR ISR P, PR A ATRE TEBAZ . BENLGT RARES s BB Wi, VAl R4t
REBEEZWIE. KK R 7k, BEGRERIT REAH . AN TR BT T h R o4k & )
%% TRIPOD. CLAIM. SPIRIT-AI. CONSORT-AI. DECIDE-AI fil PROBAST + AI 2545/ 5k 1. K [29]-
[34].

N T GeAE 2Ua BMEY b BB SR I G R Bk, 75 5 2400 F R IT S B HE AL E i 3%
[ FDA 4 AL AN AR R BRI 23 (SaMD), A3 45 JE X I R 1R SR 1 5 M R4 R 0 72 E A P R AT XL
Wiy df. S faEAETUE S e AL 23 ) “fam” itk Bt IR shm R VR Sk, 8 VAN U 0],
i03L 510 (k) De Novo B _E i AT fb#E(PMA) 42 14l - FDA T~ 2024 4L #E ) Prenosis Sepsis ImmunoScore
RN ERAE AT # T Hid@id De Novo #8412 BT IR EMEZ B X THE5 2 I H L, FDA 2RI
SE AR HAEGITFRI(PCCP), BAM b1 5 vT o VR B2 BB VO B S SR iE 77 v, 8 H BRI A 75 BB H 1L
HHE NMPA L 19 TR T IR A BN TR BRI T SRt i B AR 2R, I 4 B o SRR B A 2 B 2
SRET A EL, A 2025 ORI 110 FRRE F ST B PSRt o BIF AL I TR A A 50 UE B B B
HAE [ AFHLES 2 2] S (GMLP), TEHTHE VEIGIE T B 32 30 5 W A A LA VA (U1 FDA /) Q-Submission), 7E I
i JE g L LSt R IR MR R o PR S B B S I ORI AT BRI, TR B A A A, R H Al
AR

B FIGUE T, RIX HRVERE . MR TEREFI RGPERE . FIARVEREDCIA A R B e MR RE
R 2 5 G R AR FI AL R A . RAMERENIDGE BB RRE IMANE B RS, & mig s T1E
T S T E U AR SR R . AR AR AT B RORYEREPT B, 2 ORI e v 1A TR 25 I PR A
ORI e s WEAE I BRI A H, fAr A B LA T, AR AR R AR A AN — B e R
i,

DOI: 10.12677/jcpm.2026.54260 364 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54260

6. ELSCHFERE haY XL E

BREAGHNIEIKIG, WEIFA R RESER R, EkBEMATTR. B E AR . B
G R EEN =R T RS, AN ELRH T+ X & sl 4k BT . UG B ah it
D BRAETTRE R R Gee o i 20 B ST, JE AR AR R F 0 58 Hh Sk 7 v XU, B AR S B 6 I B B
RGN FURIESS . AR E R, JFRWTEACFAFZ L.

HRAR QPRI RAE . AFEEE . PEA . BRI DX 22 BRIROUATES B 5 4 B 1O Bl it
A BN ANE, BRI RefE I WA R PERE T . B B TR EIS WA ORI E R, &R R
ARG AR R PRSI BRI R AF, R ATREY KZZ0 . W7 R R AR BB AL Rkl . e
AR AT, AR R S AR -

X EMIUEL T . TS R SE P TRBRR R, N AR IIZREE v
PERESRFR SR SRS RIS R RS U] o AR SR AN g S ORI 2, 0 A ) B 7 B R oA e PR
2, T BRSO R o I R R LA AL B, AT H G SRS . 35 R
S A A R 2R S

R SR A, 2O IR R 2 5 i e B R, U R TR RN T
FOR. IR BRI % e 2 05 T SO IMESR Bt T SOR AT RE,  (HIA AL B o T Edibr
e FEAUEAG B . X BE TS, BN A R R SR, SRR T
B R AT R 2T L LR RN A (TR A4 1

7. RE

ok B s R R e TS T R R IR, ATRE RIS . 55—, MEBAT S5 BERIEL [ 157 M4
PRI, B TR, TS 4030 TR BBV (IR 2 R P AL T, B RS R 25 S R,
I A 2 e — o A 2 4 s e 4, AN RSORS00 T S LA LS R A . A FFARAD.
BR T, FALBRRE AR AN R A Oy TR 0 PO 5 B (AR . 5=, BT
LA AR A R A A R . AT . RRA . R  TOB s, AR
TR 0 3 TV FR0 AT R ) 2 400 2 B

I, St A T R AR . S I BT 17 rh A VF 2 G I R, e ) ER TR T B
FRARE T, SRR EARAEE RGN, PR BUR . A RG0S SR
RN E RIS . B RGE SR B R PT R RS R KU SR . A R
BB T TR VR R i, AN R — SR AR
8. &5

WA SEECHR B I RIS IE A 18 i iR B BE T 2 W R G0E [P skt R B b 2. A 3B
o FESRAL 1 1 U AN 2 YRR PR R A R, LS T S D A B A R T e 8 N I R . Y
B A B AR RAZ R R AR, AR RS R I ST RN A TS 202 A
&, BRI AR T P RV B SMERIRAE . ATREPEVE ARSI o ACSRAT FU R8> B SR
SETEAR IR, R T RGEEE AR RSN IR — W STHEZE,  HESD B T8 MR R A2 T
M TR GE “AE RS .

HE&mHE
1) HARIER AR AR AHRETH. TH%MS: XYZK2502,

DOI: 10.12677/jcpm.2026.54260 365 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54260

2) BARRIEEETH., WHS%S: 2025RC1016.

SE K

(1]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Bray, F., Laversanne, M., Sung, H., Ferlay, J., Siegel, R.L., Soerjomataram, 1., et al. (2024) Global Cancer Statistics
2022: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 74, 229-263. https://doi.org/10.3322/caac.21834

The Cancer Genome Atlas Research Network (2014) Comprehensive Molecular Characterization of Gastric Adenocar-
cinoma. Nature, 513, 202-209. https://doi.org/10.1038/nature13480

The Cancer Genome Atlas Network (2012) Comprehensive Molecular Characterization of Human Colon and Rectal
Cancer. Nature, 487, 330-337. https://doi.org/10.1038/nature11252

The Cancer Genome Atlas Research Network (2017) Integrated Genomic Characterization of Oesophageal Carcinoma.
Nature, 541, 169-175. https://doi.org/10.1038/nature20805

Barrett, T., Wilhite, S.E., Ledoux, P., Evangelista, C., Kim, L.F., Tomashevsky, M., et al. (2013) NCBI GEO: Archive
for Functional Genomics Data Sets—Update. Nucleic Acids Research, 41, D991-D995.
https://doi.org/10.1093/nar/gks1193

Gao, J., Aksoy, B.A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S.O., ef al. (2013) Integrative Analysis of Complex
Cancer Genomics and Clinical Profiles Using the CBioPortal. Science Signaling, 6, pll.
https://doi.org/10.1126/scisignal.2004088

Clark, K., Vendt, B., Smith, K., Freymann, J., Kirby, J., Koppel, P., et al. (2013) The Cancer Imaging Archive (TCIA):
Maintaining and Operating a Public Information Repository. Journal of Digital Imaging, 26, 1045-1057.
https://doi.org/10.1007/s10278-013-9622-7

Wang, P., Berzin, T.M., Glissen Brown, J.R., Bharadwaj, S., Becq, A., Xiao, X., et al. (2019) Real-Time Automatic
Detection System Increases Colonoscopic Polyp and Adenoma Detection Rates: A Prospective Randomised Controlled
Study. Gut, 68, 1813-1819. https://doi.org/10.1136/gutjnl-2018-317500

Repici, A., Badalamenti, M., Maselli, R., Correale, L., Radaelli, F., Rondonotti, E., et al. (2020) Efficacy of Real-Time
Computer-Aided Detection of Colorectal Neoplasia in a Randomized Trial. Gastroenterology, 159, 512-520.e7.
https://doi.org/10.1053/j.gastro.2020.04.062

Lambin, P., Rios-Velazquez, E., Leijenaar, R., Carvalho, S., van Stiphout, R.G.P.M., Granton, P., et a/. (2012) Radiomics:
Extracting More Information from Medical Images Using Advanced Feature Analysis. European Journal of Cancer, 48,
441-446. https://doi.org/10.1016/j.ejca.2011.11.036

Gillies, R.J., Kinahan, P.E. and Hricak, H. (2016) Radiomics: Images Are More than Pictures, They Are Data. Radiology,
278, 563-577. https://doi.org/10.1148/radiol.2015151169

Aerts, HJ.W.L., Velazquez, E.R., Leijenaar, R.T.H., Parmar, C., Grossmann, P., Carvalho, S., ef al. (2014) Correction:
Corrigendum: Decoding Tumour Phenotype by Noninvasive Imaging Using a Quantitative Radiomics Approach. Nature
Communications, 5, Article No. 4006. https://doi.org/10.1038/ncomms5644

van Griethuysen, J.J.M., Fedorov, A., Parmar, C., Hosny, A., Aucoin, N., Narayan, V., et al. (2017) Computational
Radiomics System to Decode the Radiographic Phenotype. Cancer Research, 77, €104-¢107.
https://doi.org/10.1158/0008-5472.can-17-0339

Zwanenburg, A., Valliéres, M., Abdalah, M.A., Aerts, H.J.W.L., Andrearczyk, V., Apte, A., et al. (2020) The Image
Biomarker Standardization Initiative: Standardized Quantitative Radiomics for High-Throughput Image-Based Pheno-
typing. Radiology, 295, 328-338. https://doi.org/10.1148/radiol.2020191145

Dong, D., Fang, M.-J., Tang, L., Shan, X.-H., Gao, J.-B., Giganti, F., et al. (2020) Deep Learning Radiomic Nomogram
Can Predict the Number of Lymph Node Metastasis in Locally Advanced Gastric Cancer: An International Multicenter
Study. Annals of Oncology, 31, 912-920. https://doi.org/10.1016/j.annonc.2020.04.003

Dong, D., Tang, L., Li, Z.-Y., Fang, M.-J., Gao, J.-B., Shan, X.-H., et al. (2019) Development and Validation of an
Individualized Nomogram to Identify Occult Peritoneal Metastasis in Patients with Advanced Gastric Cancer. Annals of
Oncology, 30, 431-438. https://doi.org/10.1093/annonc/mdz001

Nie, K., Shi, L., Chen, Q., Hu, X., Jabbour, S.K., Yue, N., ef al. (2016) Rectal Cancer: Assessment of Neoadjuvant
Chemoradiation Outcome Based on Radiomics of Multiparametric MRI. Clinical Cancer Research, 22, 5256-5264.
https://doi.org/10.1158/1078-0432.ccr-15-2997

Liu, Z., Zhang, X.Y., Shi, Y.J., Wang, L., Zhu, H., Tang, Z., et al. (2017) Radiomics Analysis for Evaluation of Patho-

logical Complete Response to Neoadjuvant Chemoradiotherapy in Locally Advanced Rectal Cancer. Clinical Cancer
Research, 23, 7253-7262. https://doi.org/10.1158/1078-0432.ccr-17-1038

DOI: 10.12677/jcpm.2026.54260 366 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54260
https://doi.org/10.3322/caac.21834
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nature11252
https://doi.org/10.1038/nature20805
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1007/s10278-013-9622-7
https://doi.org/10.1136/gutjnl-2018-317500
https://doi.org/10.1053/j.gastro.2020.04.062
https://doi.org/10.1016/j.ejca.2011.11.036
https://doi.org/10.1148/radiol.2015151169
https://doi.org/10.1038/ncomms5644
https://doi.org/10.1158/0008-5472.can-17-0339
https://doi.org/10.1148/radiol.2020191145
https://doi.org/10.1016/j.annonc.2020.04.003
https://doi.org/10.1093/annonc/mdz001
https://doi.org/10.1158/1078-0432.ccr-15-2997
https://doi.org/10.1158/1078-0432.ccr-17-1038

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Shaish, H., Aukerman, A., Vanguri, R., Spinelli, A., Armenta, P., Jambawalikar, S., ef al. (2020) Radiomics of MRI for
Pretreatment Prediction of Pathologic Complete Response, Tumor Regression Grade, and Neoadjuvant Rectal Score in
Patients with Locally Advanced Rectal Cancer Undergoing Neoadjuvant Chemoradiation: An International Multicenter
Study. European Radiology, 30, 6263-6273. https://doi.org/10.1007/s00330-020-06968-6

Kather, J.N., Pearson, A.T., Halama, N., Jager, D., Krause, J., Loosen, S.H., ef al. (2019) Deep Learning Can Predict
Microsatellite Instability Directly from Histology in Gastrointestinal Cancer. Nature Medicine, 25, 1054-1056.
https://doi.org/10.1038/s41591-019-0462-y

Echle, A., Grabsch, H.I., Quirke, P., van den Brandt, P.A., West, N.P., Hutchins, G.G.A., et al. (2020) Clinical-Grade
Detection of Microsatellite Instability in Colorectal Tumors by Deep Learning. Gastroenterology, 159, 1406-1416.e11.
https://doi.org/10.1053/j.gastro.2020.06.021

Yamashita, R., Long, J., Longacre, T., Peng, L., Berry, G., Martin, B., et al. (2021) Deep Learning Model for the Pre-
diction of Microsatellite Instability in Colorectal Cancer: A Diagnostic Study. The Lancet Oncology, 22, 132-141.
https://doi.org/10.1016/s1470-2045(20)30535-0

Bilal, M., Raza, S.E.A., Azam, A., Graham, S., Ilyas, M., Cree, [.A., et al. (2021) Development and Validation of a
Weakly Supervised Deep Learning Framework to Predict the Status of Molecular Pathways and Key Mutations in Col-
orectal Cancer from Routine Histology Images: A Retrospective Study. The Lancet Digital Health, 3, €763-e772.
https://doi.org/10.1016/s2589-7500(21)00180-1

Kather, J.N., Heij, L.R., Grabsch, H.I., Loeffler, C., Echle, A., Muti, H.S., et al. (2020) Pan-Cancer Image-Based Detec-
tion of Clinically Actionable Genetic Alterations. Nature Cancer, 1, 789-799.
https://doi.org/10.1038/s43018-020-0087-6

Lu, MY, Williamson, D.F K., Chen, T.Y., Chen, R.J., Barbieri, M. and Mahmood, F. (2021) Data-Efficient and Weakly
Supervised Computational Pathology on Whole-Slide Images. Nature Biomedical Engineering, 5, 555-570.
https://doi.org/10.1038/s41551-020-00682-w

Mobadersany, P., Yousefi, S., Amgad, M., Gutman, D.A., Barnholtz-Sloan, J.S., Velazquez Vega, J.E., et al. (2018)
Predicting Cancer Outcomes from Histology and Genomics Using Convolutional Networks. Proceedings of the National
Academy of Sciences, 115, E2970-E2979. https://doi.org/10.1073/pnas. 1717139115

Jiang, Y., Zhang, Z., Wang, W., Huang, W., Chen, C., Xi, S., et al. (2023) Biology-Guided Deep Learning Predicts
Prognosis and Cancer Immunotherapy Response. Nature Communications, 14, Article No. 5135.
https://doi.org/10.1038/s41467-023-40890-x

Topol, E.J. (2019) High-Performance Medicine: The Convergence of Human and Artificial Intelligence. Nature Medi-
cine, 25, 44-56. https://doi.org/10.1038/s41591-018-0300-7

Collins, G.S., Reitsma, J.B., Altman, D.G. and Moons, K.G.M. (2015) Transparent Reporting of a Multivariable Predic-
tion Model for Individual Prognosis or Diagnosis (TRIPOD): The TRIPOD Statement. Annals of Internal Medicine, 162,
55-63. https://doi.org/10.7326/m14-0697

Mongan, J., Moy, L. and Kahn, C.E. (2020) Checklist for Artificial Intelligence in Medical Imaging (CLAIM): A Guide
for Authors and Reviewers. Radiology: Artificial Intelligence, 2, €200029. https://doi.org/10.1148/ryai.2020200029

Cruz Rivera, S., Liu, X., Chan, A., Denniston, A.K., Calvert, M.J., Darzi, A., et al. (2020) Guidelines for Clinical Trial
Protocols for Interventions Involving Artificial Intelligence: The SPIRIT-AI Extension. Nature Medicine, 26, 1351-1363.
https://doi.org/10.1038/s41591-020-1037-7

Liu, X., Cruz Rivera, S., Moher, D., Calvert, M.J., Denniston, A.K., Chan, A., et al. (2020) Reporting Guidelines for
Clinical Trial Reports for Interventions Involving Artificial Intelligence: The CONSORT-AI Extension. Nature Medicine,
26, 1364-1374. https://doi.org/10.1038/s41591-020-1034-x

Vasey, B., Nagendran, M., Campbell, B., Clifton, D.A., Collins, G.S., Denaxas, S., et al. (2022) Reporting Guideline for
the Early-Stage Clinical Evaluation of Decision Support Systems Driven by Artificial Intelligence: Decide-Al. Nature
Medicine, 28, 924-933. https://doi.org/10.1038/s41591-022-01772-9

Moons, K.G.M., Damen, J.A.A., Kaul, T., Hooft, L., Andaur Navarro, C., Dhiman, P., et al. (2025) PROBAST + Al: An
Updated Quality, Risk of Bias, and Applicability Assessment Tool for Prediction Models Using Regression or Artificial
Intelligence Methods. BMJ, 388, ¢082505. https://doi.org/10.1136/bmj-2024-082505

DOI: 10.12677/jcpm.2026.54260 367 s RN PEAL 2 2


https://doi.org/10.12677/jcpm.2026.54260
https://doi.org/10.1007/s00330-020-06968-6
https://doi.org/10.1038/s41591-019-0462-y
https://doi.org/10.1053/j.gastro.2020.06.021
https://doi.org/10.1016/s1470-2045(20)30535-0
https://doi.org/10.1016/s2589-7500(21)00180-1
https://doi.org/10.1038/s43018-020-0087-6
https://doi.org/10.1038/s41551-020-00682-w
https://doi.org/10.1073/pnas.1717139115
https://doi.org/10.1038/s41467-023-40890-x
https://doi.org/10.1038/s41591-018-0300-7
https://doi.org/10.7326/m14-0697
https://doi.org/10.1148/ryai.2020200029
https://doi.org/10.1038/s41591-020-1037-7
https://doi.org/10.1038/s41591-020-1034-x
https://doi.org/10.1038/s41591-022-01772-9
https://doi.org/10.1136/bmj-2024-082505

	胃肠道肿瘤人工智能诊疗系统：公共数据库建模与真实世界临床验证的整合
	摘  要
	关键词
	AI-Based Diagnostic and Therapeutic Systems for Gastrointestinal Tumors: Integrating Public Database Modeling with Real-World Clinical Validation 
	Abstract
	Keywords
	1. 背景与研究意义
	2. 公共数据库与真实世界数据基础
	2.1. 公共数据库的价值与边界
	2.2. 真实世界数据的获取与治理

	3. 智能预测诊断系统的关键应用场景
	3.1. 内镜辅助识别与早诊早筛
	3.2. 影像组学用于分期、转移与疗效评估
	3.3. 数字病理与分子标志物推断
	3.4. 预后分层和治疗获益预测

	4. 融合模型构建策略与关键技术
	4.1. 融合层次：从数据拼接到知识约束
	4.2. 模态缺失、批次效应与域偏移
	4.3. 可解释性与临床可读性

	5. 从公共数据库到临床验证：转化路径
	6. 真实世界部署中的风险控制
	7. 展望
	8. 结语
	基金项目
	参考文献

