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[ Abstract | Objective: To explore the predictive value of artificial intelligence (Al) software in identifying benign and malignant
lung nodules and predicting the pathological types of lung nodules. Methods: Patients with lung nodules confirmed by pathological
examination were collected, who underwent high-risk lung nodule screening at the Minhang Branch of Affiliated to Fudan University
Cancer Hospital from September 2020 to August 2024. Al software was used to analyze the benignity and malignancy and
pathological types of pulmonary nodules, and consistency with pathological results was tested. The diagnostic performance of the Al

software was evaluated through the area under the receiver operating characteristic (ROC) curve. Results: A total of 62 patients with
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pulmonary nodules were included in the study, including 4 cases of inflammatory nodules, 4 cases of carcinoma in situ, 2 cases of

atypical adenomatous hyperplasia, 16 cases of microinvasive adenocarcinoma, 32 cases of invasive adenocarcinoma, and 4 cases of

squamous cell carcinoma. The sensitivity, specificity, and accuracy of the pulmonary nodule software in diagnosing the benignity and

malignancy of pulmonary nodules were 98.28%, 75.00%, and 96.80%, respectively. The area under the ROC curve for diagnosing

benign and malignant pulmonary nodules by Al analysis was 0.866. The consistency between the Al software’s predictions of

pulmonary nodule pathological types and the pathological results was tested, with a Kappa value of 0.859. Conclusion: Al software

based on computed tomography (CT) target scanning can effectively distinguish between benign and malignant lung nodules during

lung cancer screening. It provides a reference for predicting the pathological types of lung nodules and is valuable for optimizing

clinical surgical procedures and enabling precise management of patients with pulmonary nodules.

[ Key words | Lung nodule; Artificial intelligence; Target scanning; Computed tomography

R ¥ ] B 9 i WF SE LAY (International
Agency for Research on Cancer, IARC ) KKy
20224F SRR A A L W R A R R AT A
Jath B A, P 202248 it #T & B H 29106
i, BHEAET- BB AT73T7, KRR RIET R Y fE
R — o B I LR R

(low-dose computed tomography, LDCT ) fifif
TR BOHE WS RO H SRk P,
ry LA 25 ) RO, IR DA HOE R
B 2 Y AT R G Pk AR . 202 14 A A2
S5 P 27 G R IR R 388 A R A7 98 UH R R A
HUOKE AR, R o A O T P B ( minimally
invasive adenocarcinoma, MIA ) il iV g g

(invasive adenocarcinoma, IAC) . MIAFIIAC
RIJEE AR, BUSN 20 % . MIAR)SS
ARG R AT AT 100.0% ), TACA ) S4E TN
HAERZT4.6% 1, MIAR] R ili 5 BE 5% 0
BUNA I BUIBREEIEVIBR , TACIRYT LA
B 32, ARHTX P W AERG 12 WA B T IlG R RS
HEVRTTY o MIAFITACTE CT L 26 BA 58 B 3 45 4

( ground glass opacity nodule, GGO) , IACLJ
RSP ZE T 2 0L, (BRI 5MIAR G, fEff X
gy BT, IR TAEh ZREGGOMCTIE &
FRIESF TR 5328, TR AR B EE £
TP, BRZ U, SERATEEMEE

B, A5 B 7Eizs A T CTHE A A
THHE (artificial intelligence, AL ) F/4% 50 i
257 R B fi 2 e B AR R A, R
Bl A R AR AL TR T R T He At
2%,

W

1 ORI %

1.1 HARIIR

[l E U 82202049 H —202448 H #E 2 H K
27 BT b 9e 15 B DA T 3 Be R AT v A NI 45 Y
iidr (LDCT) 22k MG IRTERE . A ABRIE
O HATLDCTHM K fags i, @ 2k
Il R 5846} 58 38 KO BRAA R A 25 S A s B CTH:
AATARIEZ AR . HEBRARUE: O A IRER
() S P g S =L ™ o ) It S R e B 4 A%
Q MfA s, & BB E . iR 222 m
gkt o B . ASHIF ST 42 s B A0 PR 01 2% A AL E ik
[ (2024) 255 (014) 5 ] ¢
1.2 WwEFE

K F i 2 Philips A B] Y Ingenuity # 5ECT
PLEEAT ISR 4 . A EHE S8 SRk
120 kV, HFE<40 mA, $2F[H0.75~1.00 mm,
JZJE5.0 mm, FEAEGZEN1.0 mm,

MEMSE. FHE120 kv, FHIR
250 mA, HIFEZEEL mm, EEEE1 mm, ZiE
1.155 mm, %HFF1 024 x 1 024, /MRS, FHfET
(AR PR AET H e | A PR R SRR B AR . T AR
BB A AHAT I EBC THE A4, BUMEM ,
WF s, VR Aligs 5 prfe X k. 244
FAEREN (AREMFECTZH TAESHLL E) H
Wt ER 2 5 A i 2 TR
1.3 Al

KAV R eRH (1) A
FRA AL, IZAVRIFE D mmEB 4% B i



260 Mk, % SETCTHUH B A TR BEHEXT TSS 17 R S Ko B2 2 B T ) W) 2B 5

155707, W ASNAEHEETT, BRI ES
B, AR EVES T K B2 4 4
1.4 itz

K HISPSS 228 ik AT g it . & IE
BAmTHE TR Dxss B AR, SRS R
AROGI AT o3BT . ATTIUIN 45 5 55 BE 24 A6 A 4%
R B s I T Kappa— 2 MER 56, Kappafdiit
BLERN-1~1, 5 R SA R F R A RGO B —3L
£, 0.00~0.20 K —FPEMAR, 0.21~0.40h— 2k
—f, 0.41~0.608—F 4, 0.61~0.80 K = B
—3E, 0.81~1.00 0 JL 58 —5L,

’ 8 850f5Z K #H 1 TLDCT |

/\

2 % B

2.1 BEIGKRFIEFIFE

AWt A 62 B, Hrh B35
B, L2276, FEs52~81%, FIHIER
(63.37+7.69) % . BlZs5 M4 0F s Rk 2%
afd], JRAE6, MIA 204, TAC 2814,
A5, R BRAE KA 45 S R MR LS A, TR I
45, BRI BRI AR A 215], MIA 16f, TAC
329, @A (K1, 1, E2. 3) .

8 S68UIAZ K 4 Homs e | | R A5 B AT LT

J

| B

J

| AN |

—>| HEBR220 101 AR B B2 G A 45 R (0 2 K A

| mremzeer |

J

| ATGE S Iy A A B \

B ETCTEEFMEMARKMEN LT R EMEER RmE2 LI REE

Fig.1 A flowchart for the differentiation of benign and malignant pulmonary nodules and the prediction of pathological types using artificial

intelligence software based on CT target scanning

FR1 ATNERESFREFOELERBEERE

Tab.1 Confusion matrix of Al prediction results and pathological examination results

SRR A 2
h HAE AN T JEASL R MIA IAC i
RAE 3 0 0 0 1 0
A HL AU 0 0 0 0 0 0
JiAv 35 0 2 4 0 0 0
MIA 1 0 0 16 3 0
IAC 0 0 0 0 28 0
figh i 0 0 0 0 0 4
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Fig.2 CT images and pathological manifestation of typical case 1 (A 51-year-old female patient with an irregular pulmonary nodule in the
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right lower lobe)
A: BEWTGL; Be GERGL: C: SMRfi; D: ASMTESANRME, JSRENTREMER: E: BT, HEYE, 406588, SAEFERaBkimi&g:.

E3 #EFG2 (BE, X, 5845, BETAMRAANET, AREHREER)

Fig.3 CT images and pathological manifestation of typical case 2 (A 58-year-old female patient showing an irregular nodule in the right lung

apex, surrounded by fine, short spiculations)
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Fig.4 The ROC curve of Al analysis for the benignity and
malignancy of pulmonary nodules and the results of pathological

examination
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Tab.2 Consistency test between Al results and pathological results

Al

e PP —— ait
RAE 3 0 0 1 0 0 4
AWAEE 0 0 2 0 0 0 2
BRI 0 0 4 0 0 0 4
MIA 0 0 0 16 0 0 16
IAC 1 0 0 3 28 0 32
iz 0 0 0 0 0 4 4
At 4 0 6 20 28 4 62
RIS

R, i B2 A 45 B2 e 12 W7 1 4 bk
WE, (HH TR B A A e E, BRI T IR
IR . BEELDCTRYE K, Bk B 2 10 fifi 257y

LU R I, Kim%E 7 AR50 1320 JCHER AR
MTLDCTHE A, 4 54565z ka4 6 7251-GGO,
Hp1 31710GGOERE Vi 2 h A ATk o BF
g8 7 W], FREE N GGOTENE I | 2 8E T
T s IR AR AR . PRI, AR RTRERSHER
FMGGO B BRI RTIR AR £ 3, X Bl 17 5 i AR
FARTT BB K T FIWT A S 558
CTHEFAH J5 U2 A /N R L B I 5 )=
PGS G, EHEANZW AT, 4/ a0
ST DU LR N R 2Rk, $RE R A ] o R
AT AS 25 3 B 0 BT R . A9 R Y
S A7 2% Philips/Z /) Y Ingenuity B2 FECTHL, K 42
1 024 x 1 024, M THMCT LA ECTH
FIH, BEE ST I b R I 4T B Zs A . R
(1 o) A L R N v ) s
DRI ) R ROk S Y “Be o FPfF2r
25k, oW EBAE N TS, dEat
H Z I a8 (AR ER . A% ) RIS
BIFET25, SR H IR AR AR Ak i 5 2
RN ZAER LRRE, U HSE i ER 5
K 0 HETC AR U R, IR
etk RO ] R RS SR
FEIk K WG VAL T S B B R N R A
W5l B AL /4R AT Imaging Biopsyd AR,
W ATEE AR X CTHEE G A &5 1 RS o o080, XF 4
R L WG LA KO AT W S T e
o 78 A R 27 4 2SSO AR A U2 W . AR A
PR 25T AT FE R, s R K
TESEEURNARRAF F e | BAUR 55 v P, 225
S FEURI 22 W 2 T LA SR IR HE 23571 IR 0 28 1)
NS WT . HohAG 2 H06F i A8 i A4 /T 0 5
A5 MIA KIACHEFEE B 0 11, I v &
GURG 0 DX A ke R AR . B AR AL, ARG
AFEBTBCTIRF . %, . HA. HUH.
AT WA [R] 43 S AR s A . AR 62451 372 K
3 CTHEH Rl R A I BUASH g Bl 2 A A 45 R
AURPFZ Wil 457 BB R U N98.28%, 4F
SEERT5.00%, HERHEN96.80%, T AL
4 R AL A TR A IR ST A FIALR
GOy MRl 21y OGP, X 5RAE T
PHEAL K, WEMmRRAtE L | BRI E



(BB BB ) 2025434545300

263

B BT U R, 2 R AL B2
RGNS T AR s H A s M R, &
ITE AL BT Bl 4517 RO R 46 R T FLR 0,866,
ATFAE it 485775 5 B2 2 R TN 50 B 22 G A 45
R—2 b, Kappaflih0.859. HMEATUL, Al
AT DL S8 7 ) RO, X Y i B
2RISR HA ER G T

B BT, 2020429 H —2024
AE8H, 8 850 NTER H K[t J& e B2 Be X1 747
B AT i S AR 455 T A . ATSE R R %
PRI S Y 52 KB 282001, B A IUATp LA Ay Ay 25
J621, o m B EE A B AR I S R — B
KFARBGERNER, TorE AR 2A A 45 3
HEN AR TN, S GHEERAETE
—E BT . FA T AR BEE ER R YT T AT X
it v 1 N HE BB T KOt A ], B A
L, AR, [ ATRPRELE S e AR I A e
KAFERIVEM

ZE LTI, AUERAEX Al 1 R A 0 W S X
il 2595 g B R TN HAT S5 1 5L, XHEH
ARG R T AR P sk SO il 9 A TR AL
PR AR KA B

E—1EE:

% 75 (ORCID: 0000-0003-4564-8524 ) , ffi+#f5gt:, mlE
R
BIEEE:

JA1E% (ORCID: 0000-0002-9922-1000) , [-E#F5¢k, 4T
EEVii, E-mail:zhouzr 16@163.com,
fEERERAEA:

Mrds . BT, SRS RMEIT; SkEE. IR ER
VORI ERG T ; B 2Y . SIS AL T L AT SR 1
2. CTHEE; 2B nlATMEANr; JHIESE: WHAES, W&
RSB,

(& % X #t]

[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].CcA
Cancer J Clin, 2024 ,74(3): 229-263.

[2] MAZZONE P J, SILVESTRI G A, SOUTER L H, et al.
Screening for lung cancer: CHEST guideline and expert panel
report [ J ] . Chest, 2021, 160(5): e427-e494.

(3] M $E 2 55 M5, &5 hENE A S Rae RIATE R

(2021, dbxt) [J] . AR, 2021, 30(2): 81-111.
HE J, LIN, CHEN W Q, et al. China guideline for the screening
and early detection of lung cancer(2021, Beijing) [ J ] . China

[6]

[10]

[11]

[14]

[15]

Cancer, 2021, 30(2): 81-111.
MOON Y, LEE K Y, PARK J K. The prognosis of invasive
adenocarcinoma presenting as ground—glass opacity on chest
computed tomography after sublobar resection [ J | . J Thorac
Dis, 2017, 9(10): 3782-3792.
CHEN P H, CHANG K M, TSENG W C, et al. Invasiveness and
surgical timing evaluation by clinical features of ground—glass
opacity nodules in lung cancers [ J ] . Thorac Cancer, 2019,
10(11): 2133-2141.
HUALONG Y, SHIHE L, CHUANYU Z, et al. Computed
tomography and pathology evaluation of lung ground-glass
opacity [J]. Exp Ther Med, 2018, 16(6): 5305-5309.
KIMY W,KWON B S, LIM S Y, et al. Lung cancer probability and
clinical outcomes of haseline and new subsolid nodules detected on
low—dose CT screening [ J | . Thorax, 2021, 76(10): 980-988.
WANG B, ZHANG H, LI W, et al. Neural network—based model
for evaluating inert nodules and volume doubling time in T1
lung adenocarcinoma: a nested case—control study [J]. Front
Oncol, 2023, 13: 1037052.
SNOECKX A, REYNTIENS P, DESBUQUOIT D, et al.
Evaluation of the solitary pulmonary nodule: size matters, but
do not ignore the power of morphology [ J | . Insights Imaging,
2018, 9(1): 73-86.
SOHN J H, FIELDS B K K. Radiomics and deep learning to
predict pulmonary nodule metastasis at CT [1]. Radiology,
2024, 311(1): €233356.
VAN DER VELDEN B H M, KUIJF H J, GILHUIJS K G A, et al.
Explainable artificial intelligence (XAI) in deep learning—based
medical image analysis [ J ] . Med Image Anal, 2022, 79: 102470.
VARGHESE C, RAJAGOPALAN S, KARWOSKI R A, et al.
Computed tomography - based score indicative of lung cancer
aggression (SILA) predicts the degree of histologic tissue
invasion and patient survival in lung adenocarcinoma spectrum
[J].J Thorac Oncol, 2019, 14(8): 1419-1429.
BARE, M P8 ZRENE, AF R TEEIE TCTRE R4
JiigE 1y ( HAR<10 mm) SEIEAEAEAEAT [J] . BKEE
BER2E2ER, 2022, 47(4): 473-478.
HU C H, LAT S, QIN Z Y, et al. CT-imaging based early
imaging features analysis of pulmonary nodules (diameter<<10
mm) by Shenrui Al technology [J1.7 Chongqing Med Univ,
2022, 47(4): 473-478.
HUANG LY, LIN W H, XIE D P, et al. Development and
validation of a preoperative CT-based radiomic nomogram
to predict pathology invasiveness in patients with a solitary
pulmonary nodule: a machine learning approach, multicenter,
diagnostic study [ J | . Eur Radiol, 2022, 32(3): 1983-1996.
Phuwali, B WB, BEEER. 2D N L RERBS M R GT if
ZET ISR LA [) ] . RIS EE N, 2024,
8(17): 26-29.
ZHONG L R, LUO N, HE L Y. Comparison of diagnostic
efficacy of multiple artificial intelligence assisted diagnostic
systems for pulmonary nodules [ J ] . J Imag Res Med Appl,
2024, 8(17): 26-29.

(ki HIM: 2025-01-15 f&MTHIY: 2025-03-19)



