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Establishment and Application of a CT
Automatic Diagnosis System based on
Deep Learning Algorithm in TNM staging of
NSCLC Patients
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ABSTRACT

Objective To establish a computer tomography (CT) automatic diagnosis system based on deep
learning algorithms and explore its application in staging of tumor node metastasis (TNM) in non-
small cell lung cancer (NSCLC) patients. Methods The clinical data of 245 NSCLC patients admitted
to our department from January 2020 to June 2022 were retrospectively analyzed as a training set,
which was extracted CT examination feature information and TNM staging data, and a CT automatic
diagnosis system based on deep learning algorithms was constructed. 102 NSCLC patients admitted
to our department from July 2022 to June 2023 were selected as the validation set. TNM staging was
diagnosed using this system, and pathological examination results were used as the "gold standard" to
evaluate the diagnostic value of this system for TNM staging. Resulfts A CT automatic diagnosis system
was constructed based on deep learning algorithms. The sensitivity, specificity, accuracy, and Youden
index of the system for each stage of diagnosis were higher than those of conventional CT diagnosis.
The CT automatic diagnosis system based on deep learning algorithm had high consistency between
TNM staging and pathological diagnosis (Kappa=0.846, P<0.001), and conventional CT diagnosis of
TNM staging and pathological diagnosis also had consistency (Kappa=0.721, P<0.001). Conclusion The
CT automatic diagnosis system based on deep learning algorithm is superior to conventional CT in
diagnosing TNM staging.

Keywords: Deep Learning Algorithm; Computer Tomography,; Automatic Diagnostic System; Non Small
Cell Lung Cancer; Stages

1e/\RBAATRE(NSCLC) 25 AR T A, 7EFTE TSR & b & H£980%~85%,
mtEE L RBERCWEMER"Y, BEish”, BESEAB0ANAMERE, |
FINSCLC 5 EEiX90%, BEEMBEIET AMKAT0R, BaiftEessBNAaArAs=2aiE
FR. BT, BEAT. REATE, MMBKEEESTNM) S BERE AT HEN
SERIE, TEVMEARECT)RIRREBNSEE0E S S, AR BEREENX
SR, VEISSESAGE MRS, ERSTERSE, RHERER. B
B, TRNRIGELER, TR +oERY, SREVER, CTAIRBE M
BHWER, B2, (18%, #EXRINMKEEERIER, FEESHEEEETNMS L
¥ EEIRSNE, BEEMFBACTIREEBHMNSCLCEENTNMABESENY, &
SSBHMEIZ, NFEmarsemeR®, FEXIE L2 ATSENSY), 0iEs
QERLE, BIFEMLE. ERTAME. BUEIERA, Bib L ZERAETA
EWESMRRERINH, AREASSIES B FZNEEIHENENB ARSI ER
MEE, REZSEEERELHRNEREEELAA"", BIECTISENSCLCEZTNM
SHBFRIR Ak IRE, WMARREFRELIEAWECTEDLN RS, BT
BINSCLCERZMTNMAO R, HIIEZRZKMNE, RENT,

1 BE5RH*%
1.1 —B&E HNE: BANSCLCILMRAE"Y, BAFEISSHCTIOE; BIERMN
TNMAHRESSMER; ISRZRRE, HRRE: CTRESHREZRERR>1
B; NSCLCEASE,; HEMMIRAMTHMERBERDS; (ThERGREHE;
AHETREMDERS, WSS, EREDHAEM2020F18~2022668 K04
(9245BINSCLCEREMIRRZRMERINIGE, HPB 1836, LIE620; Fi834~78
%, F19(62.50+£10.13)%; BRMAEL1696]; FELKE: BE1456]. 8826, HE
18l

BIEENA 112022467 B E2023F6 B UCARI102fINSCLCEREERIIFE, PN
fRE: BANSCLCIL MR, BAFaTECTRE; SHREZREBRRBTNMS
B, SEARRAERED. HRITER L. 1026|BE5hBIET86). LiE246); Fid
32~79%, F19(63.25+10.30)% ; BRMSE70M; FRIBHKE: BREE60HI. B5EE3417).
H e84,
1.2 B ETREFIEZNCTESMASZHE: (1)RBCTHIEW (Discovery 750
BV MCTAR, KEMESRERS. BREIIG. METREMEARE, BNK

(B—1FE] £ &, 5, TEMRAB: EFREEARCT. MRIGREES, E-mail: dixjjaz@163.com

(ERfEE] £ &

. 67



RECTRIMRIZE 2025438 £23% £34H7 551858

B BE. feLtEkaE. K. 8. BERENEAE. A%
2. BES5mm. BEESmm. #8iE1.375, EHBE120kV.
EBMBOMAs, T1.26mmERER, HEREEELEERSA
TEu. Q)FACTREEEMEETREEIEZNCTEMNZ
MRS, REVIGSESHEENFLXIE, HIERR>104F
ARSI RIE T FI FBITK-SNAP3.6. 0 FohaER X, RAE
NEIEEGHITE—INE, BENEER. HELEEBENHETE
EIER, EREFABENFRAEE, E&EAKEENMHE
RATREE. VBNEDNERBRKEFRARAMEER; 7
FPython3.6RZMCTEIGHIRESFE, BEEG—M%IT.
K REXBHA/NERE. RESEER. REFRBSTREER. CT
TRE, REAs/ETEBRSIFIEEEF(LASSO) B ATk S

BERBHAXNEGHAFRIE, BEM. 5. BLRFBURS
Bk, EEMEERE. NERHEIEREZMZARIZETNMS
HRRDERRM, WCTHTHIRREBAE, BMBUEE, HRMAK
ABEFE. BN, BELH. LARHRE, RIELAHE
MANREF BERMENE. BFEENE. RS, 2
UEIBRAH#TRENE, WHESEMR, BEFITNMOH
BRI, MERNRESHEERGNSERE. FRINER,
“ENARBERNESER, Bl5IRFMBEFHFN— k-5
%, BoAYMENSG. HERAMBERE. NEMEKE, H
DITHEBAUMBERER, WRLETSZESRETO. BIEF
IPHERSINMOEIRERTTNR, BapfeiET. NMIMOHE.
ZEMZERSIRIERZELE L

W1 AT IRE S HIRNCTE 2h D W R e fEi 2.

FEYRE: EARENATREZREAMTNMSEY,
DHRRMBAND. KEMBLERERBE, Ty 8. EPTHA
Tis: RAEFREEENEMAMEREL; T1: ME<3cm, RI#
HEERE, RERIFELZSRE; T2: BE>3cm. EREE
YREEERR> 2B HERERERSEERESEESR
ERMERTAA; T3: ¥ HERE. RAl. AEREZERS
08, BR—MEXSE, BEER<2mEBEFEEER, BEK
ANSERUEREMERESMA,; T4: FHEMR. O
BE. S8, BHIGER, B—MMHEEN®Z MBS
T, BEMERK; NOANO: BEXRT BMEMELE; N1. BBHK
BEMETMA. MiAREM; N2: HELERBERRIMUE
BZEEM; N3: HELERBERMIEXIMBiE L, ExIMAH"]
FYBR; MO AMO: Tk, M1 B, GFHEE
FirH. BENDERAHELE. HESERALSE, BTisNOMO
BARME; BT1~2NOMOIiEH [ #8; B T1~2NOMOIZ A 1 #A;
B TINOMOZKT1~3N2MOZE T1~3N3IMOZE TANIMOIZRIIER; &
T1~4N1~3M1i2H ViR,

1.3 MEBIBIF (VST RITERBEFIZHTNMOEBIER; (2)4%
HRIEEZBE T REFIEENCTENZHMASL. EHCTIZH

TNMAHER; Q)PWEERTREZIEZNCTENZHA
%, BMCTIHTNMOEANEE, BRZAAIZIZ D IINR K
E. JHRE. BRE, HitEATEHR. sWERS “SinEg”
H—EM R (KappafE); (4)BEFHNCTIRERR RETRE
FIEEANCTENZHASAMHE R,

1.4 Gt 5% RASPSS 20084174 291, BEFRES
SIEENCTEB AR IZHTNM D L R SHEIEFIZHTNM
DHIERN—H X AKappatelt, Kappa>0.8IA—H 4=,
P<0.05HEFBRITFE X,

24 B

2.1 RIFSEFEEFICITNMAHALER 1026INSCLCEEHZRR
IFEZHTNMA R T, [HA76). [THA31%G. IHB46f%). IV
18431,

2.2 RIIREETFREFIEENCTEDICHARAISHTNM
SHZER 1026INSCLCEEREWITELMTNMOHETR, |
BA7I. T1HA32. IIIEA4661. IVER18MI; EHMCTIZETTNMSE
RIS, [HA9B). ITHA29%I. IITHB48f%I. IVER16fHl, ZLER
SRIBRIoHLE RENTEL LR L,

R1BDIEKFEF LN RETREFINENCTEDSHRA. BACTIZHTNMSBE RS T

7%

RIEFISH

1 #3(n=7) [I#A(n=31) MIHA(n=46) IVEA(n=18)

HEFREFIEENCTEDISHAL | #(n=6)

11 #A(n=32)
1ITH#A(n=46)
IVH#A(n=18)
EHCTISH I #i(n=9)

1 #A(n=29)
[11#A(n=48)

IVEA(n=16)

6 1 0 0
1 29 1 0
0 1 44 1
0 0 1 17
5 4 0 0
2 22 4 1
0 5 40 3
0 0 2 14

68 -



CHINESE JOURNAL OF CT AND MRI, MAR. 2025, Vol.23, No.3 Total No.185

R ETREFIMENCT AL HRAISEHTNME R EE

ZBTTNM 5> 2R RYE (%) 2 (%) FEHE (%) ARt
| # BEhSERS  85.71(6/7) 98.95(94/95) 98.04(100/102)  0.847
HHCT 71.43(5/7) 95.79(91/95) 94.12(96/102) 0.672
118 EESU RS 93.55(29/31)  95.77(68/71) 95.10(97/102) 0.893
HHCT 70.97(22/31)  90.14(64/71) 84.31(86/102) 0.611
111%A EESU RS 95.65(44/46)  96.43(54/56) 96.08(98/102) 0.921
WHICT 86.96(40/46)  85.71(48/56) 86.27(88/102) 0.727
IVE EESWI RS 94.44(17/18)  98.81(83/84) 98.04(100/102)  0.933
EHICT 77.78(14/18)  97.62(82/84) 94.12(96/102) 0.754

2.3 GETREFIRENCTEIDZHRAZHTNMS R
MEeair ETREFIEENCTENZHARIZHRITESH
NRYE. BRE. ERESHTEIISTENCT, RELR
2, BFREFIEZNCTENZHAALZH TN S RES
i — M S (Kappa=0.846, P<0.001), BEFMCTIZETNMS
HSHIEF B —%14 (Kappa=0.721, P<0.001).

2.4 REBHPIER RETREZIEENCTEXNZ RS
ZEMWL BRI, @MEE, B, 43%, WESRAKETMm,
7HACT1aNOMO I AHR, TE2-3,

2 s
B4

ARG, REE, B, 76%, MEA/NMEA/N63X57
m, 7HIT3NIMO 1B, A EHSZSEHIANE, THE

%%, WE4-5

HAREGS, KRR, B, 78%, MEA/N115X85X107Tmm,
SHACTAN2MOTIIBHE, ZAMBHEL. A TMERE, WE6-T.

R GI4, BEE, B, 72%, BEAJ61X5Tmm, 4R
cT2bNxMla IVAHR, MufE%%#, TMEBHEE, TLES-9,

HAEFIS, BHEE, B, 56%, HEBA/J30X18mm, 757
cT1bNxMlc IVBHA, EMBREHEALNKE. B8%%B, 25/)HE
g%, WEL-11,

AL CTE A, B3 mﬁfﬁfﬂl?ﬁ"wﬁ%Tﬁi/zﬁé‘]CTﬁﬁmﬁt&E?%#ﬁu%ﬁ%u
w2, CTE K. BS HARGETREEIEHNCTE HV WA AH L4

B6 SRS, CTHE . BT SR E 3R TR S S H %89 CTH 207 £ Guk b 4
B8 SARG4. CTHE . P9 MARA4ETRE ¥ EEMCTH %W&ﬁ?%%&#%
B10 AR ES. CTHE . B11 ARG SR TREF I HENCTA LW A S b 4

* 69



PEICTHIMRIRE

33 #
NSCLCHEIE#HBERR, FEE, IKEIMEE RN ETHE
S MBI AST MUSEIR B R, K EE, MTNMOEH
RIGKEME SINSCLCEE B SR MEATT 5 RHKIE. 1]
XA, INMDHTESRBEMEER. HBLERBRT
PNEFSIE RLIMTE, EESEESRESTRE, BWERES
8. BIRfEEZ. EE/REER, RILFITHEERBINSCLC
BETNMO BRI AR+ ONE, BINSCLCHIBEERER
EIREFARNNTAEERLT, BRAFIHFRERE Y,
ARARWETEFRESIEENCTED MRS, BT
FHNSCLCEREIRB—FERMAIITHTINMO BRI AR, FES
SEFR—MERMATEERS, SEANITENEZIE
ARE, ZHEDBETSEEEMTREHBELESRBR, M
MAI LRSI S 2R, FIEGKEBIERIT, SUNENE
THY, REFIEHENSS, OESHEEE. RERDF. &
KBEHRE, WEG. ESSHLEMHE . BB RIESD
WEBREMRESY, YiEFRERIEEMNITHENHENS ISR
TSRS EEEN RA, BEABBEIIATY, &
WRAEFREZIEAMNCTEMIZHRLIZEINSCLCEETNM
DEAMN R BE 2 717985.71%. 93.55%. 95.65%. 94.44%, ZH#f
SN S ENEREL >95%, HEiSMMAEtTs T ECT
i, BEESHERSHEYSMERSE—N, IELAHRY
BHETFREZIEZNCTEDLH RAERNE, HRFH
AREYIEENELE. BEEIRE, WEBEGNIIESR
BTSSR RBHIHEAE, WTNMEHES K45
EEMBEHUABT L. 3 ERHTIRIE O IE R SRR SRS
28, NERMFEGISIEETRIME AN, HEEEBRITE
BHETHE, SIRIGHRE, BISRERNFESIE %
EEtI%, FIRSREZMNENSIEBEHTRE, REMR
HIBELRITEE, SARGRIENNE, FESTFIRRIZETEK
o BHh, MR IBRBIERE, RATH. BNERSHA
1S, INMIEE, BENEERMAERYE, BMTNM
SEFIMH RBES R, MERE HNER<ScamBNE
FIERELRIMET —MEFIECTHREY B EASIEE,
RURB T LI AR, LIRS TIHNNE, REusneT
—MNEFCTEGRMRE S S B8 R BT LU f 3 b7 45 B B e e B
MEEEBLEER, REEHRT M EFIESTEEY
HEBTNMOHBIN RS, AARSE ERIBERR, WIETRE
P OEARAEREELKRTNMA ST, BERES.,
AMRRETRES S EANCTEIISHASKISBINSCLCE
& | BNRBERR, 785.71%, 281, AV RHKER
PHEHNERE. ARENRS, BTZEDSHARNER
B, BIEIRE . SWERREREER: | BEEMEISTIR
HE, BUZCTRERGEHE. RESERBESRE, 19T
2IISERET AR, BT INBEIMCTIATEI. MEFCTN R4
BOESN, BN YERANSIEISESNMERINETREYSE
SEICT B EhS W R T AL
b b, BT RESSIEENCTEMI REAISENSCLCES
TNMA B EMCTER RS, PHESBNRKE. SRE. &R
EMABINIRS, SHREYSMERSE—X, Bk,
AMAHARNEERE, PEFRESIEENCTADISIHERES
LETNMO M EIZE R, BER#—5WZ R THRLIL
RELHERE.

2025%F3H %$23% F3HA £ 51858

70 -

2EH

[11Shi Y,Lei Y,Liu L,et al.Integration of comprehensive genomic
profiling, tumor mutational burden,and PD-L1 expression to identify
novel biomarkers of immunotherapy in non-small cell lung cancer[J].
Cancer Med, 2021, 10(7):2216-2231.

21 AR, Bt EEE ERATRFRREER A0 I]. P ER
%,2021,2021, 22 (5): 53-55.

BIEXRF, kil iR, X, & /N B # CTRIE A X W a4 U], ECTA
MRIZ¢ 7, 2023, 21 (1): 74-76.

4IER. EmBEREARMCTO M Mt KNEHE]. FEAXEEF N
Jl,2021,5(13): 90-91.

[5]Araujo-Filho JAB,Mayoral M,Zheng J,et al.CT radiomic features for
predicting resectability and tnm staging in thymic epithelial
tumors [J]. Ann Thorac Surg, 2022, 113(3):957-965.

[6]Zurlo IV,Schino M,Strippoli A,et al.Predictive value of NLR,TILs
(CD4+/CD8+) and PD-L1 expression for prognosis and response to
preoperative chemotherapy in gastric cancer[J].Cancer Immunol
Immunother, 2022, 71 (1) : 45-55.

[71Jensen CT,Gupta S,Saleh MM,et al.Reduced-dose deep learning
reconstruction for abdominal CT of liver metastases[J].
Radiology, 2022, 303 (1): 90-98.

[8]1Xu Y,Liu H,Chen J,et al.Comparisons between the National Comprehensive
Cancer Network (NCCN) non-small-cell lung cancer (NSCLC) Clinical
Practice Guidelines (Chinese version), the NCCN original edition,and
the Buropean Society for Medical Oncology NSCLC Guidelines in 2009[J].
Thorac Cancer, 2010, 1(2): 83-86.

(91 AR A2 45, E %, (R A%, CSCOE/N AN Jili i /7 4 T (202110 ARk U] R ifF K
e EHAR, 2022, 43 (1): 19,

CLO TR A7 A, Bk, 20210 (AR B 2 2 B8 F 0 2B R YT 48 ) J6 /N 4a il
FEIT BB L F A (1], B2, 2022, 21 (6): 557-560.

R, #HA, D, . {5 @A) B R A7 7 3t/ 40 B M B3 AR v R &
BRIkt o U], FORMAR, 2022,29 (7)1 33-35.

20K EE, G720, ERAR. 5 EWHOTBE = WA b BN xF 36 /28 o B 42 15
BRI R RS R B G H U]. FORm 4R, 2023, 30 (5): 25-26.

[13]Binczyk F,Prazuch W,Bozek P,et al.Radiomics and artificial intelligence
in lung cancer screening[J].Transl Lung Cancer Res,2021,10(2):1186—
1199.

[14]Arabi H,Zaidi H.Deep learning-based metal artefact reduction in PET/CT
imaging [J]. Bur Radiol, 2021, 31(8): 6384-6396.

[15]Sanaat A,Shiri I,Arabi H,et al.Deep learning-assisted ultra-
fast/low-dose whole-body PET/CT imaging[J].Eur J Nucl Med Mol
Imaging, 2021, 48 (8): 2405-2415.

[16]1Zhang Y,Yue N,Su MY,et al.Improving CBCT quality to CT level
using deep learning with generative adversarial network[J].Med
Phys, 2021, 48 (6): 2816-2826.

[17]00stveen LJ,Meijer FJA,de Lange F,et al.Deep learning-based
reconstruction may improve non-contrast cerebral CT imaging
compared to other current reconstruction algorithms[J].Eur
Radiol, 2021, 31 (8): 5498-5506.

U813, & FE, MtiAr, F. R TR BCTHIERE ¥ I H ik HE <ScnE & & 7 1H
FOBE SR IE REX D], F 4 F o2&, 2021, 24 (9): 796-803.

LI9) s fu, Rt i, 2, 5. SR TCTHR IR E 3 X R 0 7 4 E W ] ok JERE
A d oy BRI ME (V] o A B oAt 20 3, 2021, 24 (3): 264-268.

[20] R, R R, A B i, %, — M F 2 BARE ¥ 30 5 B TN B HU & 4 CN20
2111481494. 6 [P]. 2022-03-11.

(WAsHEHA: 2023-12-05)
(RExS4m4E . WhAng)



