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ABSTRACT

Objective To investigate the predictive value of quantitative parameters of energy spectrum CT combined with
artificial intelligence (Al) on the invasiveness of ground-glass nodules (GGN) lung adenocarcinoma. Methods
The clinical data of 113 patients with lung ground-glass nodule who underwent chest energy spectrum CT
scanning and had pathologically confirmed lung adenocarcinoma were retrospectively analyzed. According to
the pathological results, the patients were divided into non-invasive group (n=64) and invasive group (n=49). The
risk factors of invasive adenocarcinoma (IAC) were screened by univariate and multivariate analysis. A prediction
model combined with multi-parameters was established and the receiver operating characteristic (ROC) curves
were used to analyze the predication efficacy of the single parameter and the combined model. A nomogram
for the prediction model was drawn, meanwhile, the calibration curve and decision curve analysis were used
to evaluate its consistency and clinical practicability. Resufts Univariate analysis showed statistically significant
differences in water concentration of non-contrast scan, water concentration in the arterial phase, water
concentration in the venous phase, slope of energy spectrum curve of non-contrast scan, 3D length diameter,
maximum surface area, superficial area, quality, volume and mean CT value between the two groups (P<0.05).
The maltivariate logistic regression analysis showed that WC-AP, K-NC, 3D length diameter and mean CT value
were independent risk factors for IAC(all OR>1,P<0.05). ROC curve showed that the AUC of the combined
predication model was 0.965, the sensitivity was 0.918, and the specificity was 0.953. The Nomogram was used
to quantify four independent risk factors, and the calibration curve and decision curve analysis indicated good
prediction performance. Conclusion The nomogram model based on the quantitative parameters of energy
spectrum CT combined with Al can better predict the invasiveness of GGN lung adenocarcinoma.

Keywords: Ground-glass Nodules; Energy Spectrum CT; Al; Invasiveness; Nomogram

ESLKEENBEEXEINTIERRE, RESRIBNANFTR", MR
REBEWIEL T (ground-glass nodules, GGN)5REFMAREZTINER, FREEITA
N EEBERAFIOMMEIGGN, EBMEEI10%-50%" FHiERES AR g 1g
% (atypical adenomatous hyperplasia, AAH). R{if##E(adenocarcinoma in situ,
AIS). = MERREE (minimally invasive adenocarcinoma, MIA)FIZEERREE (invasive
adenocarcinoma, 1A), 2021 WHORGAREH 2 2EAAHFIAISIT A A IR T ™,
NFARZBEEENGGN, HATHENMMERR. BriEMRIMNTGGNEffifRE = 1E
MR ZEFELSEHHEIFHNERTHURMLTEESH, TEMRARFILERK,
LENEBR. BEIECTA% (gemstone spectral imaging, GSI)@E&ER—FITIIM %
BAR, MEEBZSHRENRE NCONEHMRBRMET M TAMERET", IR
ZNAFCONEEMHNES, E3HEAEANMRENRL, BFREFINALE
gE(artificial intelligence, ANBAEEZRTE CRELZRE, ERIMMNEFREE, KRE
¥ REEFNEGSN, HUMEREBITETER, ARESETERAY, *
FREECTHEAIEES B CONEMRE T AMNAREEIRE, ARARETFIETL
nomogramiZfl, ETENESTEEREBERESER AT ARIEHEE,

1 BER575E%
1.1 FARZEH GRS 20215E108 £2022F 108 A FEAFAEE— B ERT
HIZBREIE GSIE T F A R AL R I AIGGN B E E K,

MNITFE: FHERAERS3cm; BRERKRBTEMET T, BFREFER, #
BpinE: BEETUEMERE. P EREHENTE BB EMIELnE;
FIEEE; SHRBERIRE, ZEEED. fi. . SHEfreE, BRANEE
11361, SB1445%1, L1468, F429-82(55+10)%, IEZHLH64I(AAH 9fl, AIS20
i, MIA35%1), ;2iEH49%,

1.2 BAZ* XA ERAEECT(Discovery T50HD)GSHRTNATHIERFHA K W HALL IR0,
LEBYDEMI, P#Eai#TERINE, SECEMRBAOZRN LS. S B8
[E780kVpF1140kVpERAS i, BEER, 1BEE0984:1, #%iK0.6s/E, BENEEEY
795.0mm, FBRE512X512, S FABHITohIKERFEREKEALL R, S EKRANE

(5—1FE] Bk, &, EFEARE, TEARHFE: REME, E-mail: zytingl227@163.com
(BfEE] & M, B, TEED, TBRRAMAE: B, E-mail: zlin1231021@163.com

+ 53



RECTRIMRIZE 2023118 $£21% $ 115 S 516958

BRS8NSR (350mg/mL), FIEA1.5mL/kg, BIEE
HHEREFER, FIFEE<30s, KASEXTEAIBEX
(smart prep)#{TEIBKERAE, FHIEERE30sTTRERKERTHE,
1.3 B, HEEAE

1.3.1 BEECTEESHBINE BEHREBRFEBGS! ASIR 50%8
HENZEREBANEE. BEEL25mmBImoncB&HF LEE
GE AW4.6 TEuh, ERGSI ViewerfiF#{TEG D, TET R
AEEFohAEREMEX (region ointerest, ROI), ROIEFRA/)
FRIEEERAERN2/3, ENEAME. = HRIFEXIE,
HWFREFA. chBkEIMEKEIEROIES. BR. UE—.
MEFIEEIE: ¥4 kEE(water concentration, WC-NC).
BEIE hZE R (slope of energy spectrum curve, K-NC); zh&s
BXER: K E(E(WC-AP. WC-VP). MiE &(iodine concentration,
IC-AP. IC-VP). #r/EWKHKE (normalized concentration,
NIC-AP. NIC-VP). K-AP. K-VPo Kso-roxev=[CT{E(40KeV)- CT{&
(T0KeV)]/30KeV (TNZ2 % B140-T0keVR BIKEZ BB A), NIC=
|Cles/lcaorta(|Clesﬂgﬁ*iRO|EBﬂ/E\§: |Caortaﬁﬁ%ﬁiﬁb}ﬁ(@ﬂé\
E)o SARHIERFRRAFZHEEEEAERGNESFEZGR
EERETH, NRIAR, WEEITIEAMFHIZERL,
132 AIEESHMNE BHTHEL.25mmEBEE G EEEAIFHL
THBZWARHEREZGAISENRY), SIHEXEES
#: IDKR. RAEER. REAR. BRE. TR, FHICTE.
1.4 FiHED AATEIED ARG FISPSS 26F1R 3.6.3,

HERKERMES S, B (x )R, EFRRNESH A,
BHRUBKRE L. TESMUEER, HEHRERBMBR(Eo0)E
R, BFEERERAEIIRMNESHHEAETT, FHMIE
Atiol, HHWERMNESSHERAHLERT, FHC Kk,
EHETRMES S, EAWilcoxonIESHHMRL; T35
KEFRARNZERELLRER x 0k, WHRABNEEAITEE
BNTEHRTEEELogisticBlAPTRBURILBR AR, XA
Hosmer-LemeshowiC B SFUNERINEME, LHIROCHILE
TR EREARMEBES TR AISMMEE, ITEME TE
FAAUCTE), FH4&HInomogram. KM RIGRREEHLL(DCA
HiZk), #H—FWIFEE TR E B EE,

24 R

2.1 FRAANFHATBRERMELR SRRIHTETRAERCT
EESHFAMWC-NC. WC-AP. WC-VP. K-NCFHIAIEES#3D
KiZ. RER. FA@ER. FR. GREMFHCTEEMARR
BARITFER(P<0.05)(F1. &2)o

&1 FRRASREARRES TR

JE;2594A(n=64) =284 (n=49) X2/t P&

L E 25(39%) 20(41%) 036  0.850
kg 39(61%) 29(59%)

FH(%) 53.92+9.37 572241160 -1.674 0.097

%2 FRRASBNARECTRAIERSHNESIHE

B e/ (n=64) 724 (n=49) t/Z P{E
BEECT  WC-NC(mg/cm®)  502.32%114.48 651.15+106.00 7.070  <0.001
WC-AP(mg/cm?)  532.18+113.94 681.78+113.67 -6.924  <0.001
WC-VP(mg/cm?)  504.841106.88 631.05+123.82 -5.806  <0.001
IC-AP(100pg/cm?)  24.59+4.41 22.83+7.41 1470 0.146
IC-VP(100ug/cm3) 19.92+3.27 18.72+5.10 1431 0.157
K-NC 1.27£0.60 1.51%+0.57 2,057 0.042
K-AP 4.08+0.86 4.20%0.95 -0.696  0.488
K-VP 3.14+0.76 3.37£0.77 -1.618  0.108
NIC-AP 0.29+0.04 0.30+0.05 -0.546  0.520
NIC-VP 0.41+0.07 0.44+0.11 -1.807  0.058
Al 3DKZ(mm) 11.80(10.20, 13.27) 15.90(13.20, 19.70) -5.995  <0.001
BAEE(mm?)  99.05(73.98, 120.70) 151.90(107.25,223.05) -4.985  <0.001
EE(mm?) 365.10(303.75, 553.98) 664.20(478.00, 839.05) 5675  <0.001
RE(g) 226.48(163.98, 327.33) 398.12(289.87,619.99) -5.805  <0.001
R (mm?) 721.90(615.10, 826.63) 1206.80(739.75,1932.00)  -5.165  <0.001
FHCTE(HY)  -462.97+56.19 -377.22+76.894 -6.576  <0.001

A WC-NC: FHKEME, WC-AP: zhikHiKE(E, WC-VP: #ikHikEE,

2.2 ZEFELogisticBlA BRARDMBAITFERENHSEHAR
ANZEHEZELogisticBl3R 1, SRETEECTEESHFHIWC-
AP, K-NCHIAIEE22HHPH3DKRE. FHCTENGGNE AR E
=AM BRRER (R3).

2.3 ROCHIZ& NI 445U BMERERBFESTNEEKROC
B (EL), £RETHEETNEREAUCH0.965, KFWC-
AP(AUC=0.817). K-NC(AUC=0.603). 3D¥1£(AUC=0.830). F
¥CTE(AUC=0.817)(F&4), Hosmer-Lemeshowi@iG4ER BRiZ
1881P>0.10(0.954), IMEER

2.4 NonogramiR B R E2NF BB ARELHIMTILE,
RIEE— 1T 2@ %5 0-1000/ MR LB REN D E,
BENTENNMNOEEMEIESE, BENERTRIZEE
RBEATESh £ BN BT TR M AR, B3, E4D 3 AKEIRE
R R R R ERBREE D, HRIAZSHHK SRR AT RN
TR RERN IR PRI 2%

IC-AP: mORXHRBAEE, IC-VP: BAAXHAMAE(E, K BEIEMARIE, NIC: FREKBURE.,

B1 WC-AP. K-NC. 3D 70T 34 CTIE 5 4 B BK-A45 A FMGONIZ i 14 B ROC i £

#®4 FRRARNBEARROCHLE S

=3 SEELogisticElAL R L AUC(95%CI) BfE BE BRE
B3 B ORTE ORTE95%CI PE WC-AP 0.817(0.740-0.894)  627.28(mg/cm?)  0.653 0.812
WC-AP  0.019  1.019  1.009-1.029 <0.001 K-NC 0.603(0.498-0.707)  1.44 0.551  0.656
K-NC 1.719 5576  1.229-25.295 0.026 3DKR 0.830(0.753-0.907)  14.25(mm) 0.673  0.859
3DKRE 0533 1705  1.226-2.370 0.002 FHCTE  0.817(0.738-0.896)  -422.50HU 0.755  0.750
FIYCTE 0.028  1.028  1.012-1.045 0.001 SEHEES  0.965(0.934-0.996)  0.57 0.918  0.953

E WC-AP: BEIECTHIBKIKEE. K-NC: FHEEEHERIZEK,

54 -

ED WC-AP: BEIECTEIRXIKE[E, K-NC: FigEiknafiE,



B2 BXABEA 2| #yNomogram

3 NomogramtE A AyAZ ME i Sy CROME i Btk T HEAY 302 I ik R B TN 46 R 5 S0 A 40 03 00 0tk IR By — B, Tdea L4830 B8 8 UM 20k it »

CHINESE JOURNAL OF CT AND MRI, NOV. 2023, Vol.21, No.11 Total No.169

Apparent % & R HE

Ay FOM M B, Bias—corrected & AL HUN M a2 695 E, T 4 &5 2248 i 49 & B 8 X S nomog raméy FM 8 A7 i )
B4 NomogramtE A iy S5 th B AT ; (B B AR BT A GONIY A R R M MU, RN 0, AHE BT ACONIS R IZM Mg, FRA A IR A G A%, EaRER
BRI BDCAM &, BIEAEF LS E & F e AR R FONR M M RE AT, B

<

© o

[ORS ;;

oc) ®

P SA-FEISC it a2 i 14 B 6 REECTRIR FEISA: AR vh il BOR & BB 41 %0, ESB: ZhRkMIAERE, AIAEA656. T9mg/em’s FISC: F-340-70KeViE i

AR H2.17; ALNE DK 420, 9nm, FHCT{E A -395HU,

PH6A-FEI6C Jifi {2002 i 14 e B AR B CTIIR W6A: A T i BORGBHEE TR, HoB: kAR, AEA397. 86mg/em’s FE6C: F-340-70KeVfE ik

AR N 1,35, ALIE3DKAZH9. Smm, F3CTHE H-545HU.

33 g

BEEMIRRIE, AIS. MIAZREYIRE, RESEEEET
%100%, FIACRKZEME. ERESHMKELEREE, RESE
EEERF0%", BHERREM, WFAISHIMARE, MM
UREREEEE LM ENANEE SRHMHIBAE LN LS
= A, MR EBRATIEFEEHIMARE S S R AT
AR, ENFFERFSREERTIRRA, TIACEENRAMHIRES
RAMRELEER, Fit, KRB EE RIS GONE S
B2, NTESFRAAR. RERHSERTETGS, &
FFZTIBAAH/AIS/MIARTIACHTT S AR R B A S IR FRE R,

BEECTR GBS MR D BRI AR RSB SR, st
MEH BRI (K, 5k S 2s0E G, KRRETH-
KBRS, &R BN HA TRk EES T
BIE, EREERITFEN, SHEAXRREEFS, o
M ERZEANRESIMATYREER, TBNLEME
MAMER S K, MACEMHERERS, MRLERARRS
BREIIN, FItAMEHENEIES, mEEA, ARAEKE
FERY, RBFYIAERIE, AR EmERNREEES,
Ieoh R ARB R BE R A K S B T B R BRI IB A SRR, 4R
BIFEILE, BASEMBRENEE, MaERNSESERD,
EASBRILBERA, MAEMELN, ECTEELERMNTY
CTEEM, toh, BFKEESHIRFHRE), EKEERE
MNEHCTEREE R BR BRI AN EE, SHRERERE
BRERK EESTNIACKIRI BIRE T, HISFREN627.28mg/
cm’Bt, H4FE58A5E2IEAMAUCH0.817, FEittkEEA
AR TG G N 2L Fif e 2 1 M B B AR 4 AT

AHFE LI 7 GONBYAE LB 455 2 (K1) ARAE 2 241 (1C.
NIC). RIERAYRIERE LR FHRAKA SR RENCT
EHMEEELME", EEHmATREFLANYENEE,
AR ERFARE LIS THRE, £40-7T0KeVRE TR
BBE, 2HATHKEATFIESNE, E2REHITFEN, =3
logisticEIRIMFEIKERIACHMIIBREE, LIUVE"HAx
BAGGNTZ/ERMEEY, AokiZ" " HSIE T & AP ST Ay ekt F

R GONSE LRI Y CTIEMIC, IFSET GOGNTZIEME, FBt
WEAICR SR B SMEM, 885 EH R MBI SR H
ERRS, NMESIEEREMERRI, TaEaikEaKE. 1CAl
NICH 5 GONB MR HRAR R, ICRMBEISTLLFIBEN, &
B & MR I I B RS, NICHUFEICHIER R TIRAAD
AMFBIRERMSHMEN, BESRMFHL SRR RS
Mo MR ZMFAIEhERERMKAE. ICHINICELEEER, I
SEGOGNTFEREEY, BAITEIMEAMERTAUFEN, 5
RN RIRE—H Y, DIFEHER, ATAEREGGNE AR
B TFIEERYEIME, RRIACKSHMENEFRIRE
FIMIA, BEFETR Y FRMIMESHEEN, MLFR—KE,
RSB EEIRRS X IR A, BYangZ B sd536|AmEmIE
EIHITIAZS R EBHINIC(MNIC) BEA R BIAAH/AIS S MIA/
IACo t4h, ZHIREN, Tt NAXRSIEEDA, 58k
NICHEFRIBkES, EEMRT S5ERNEEX 2N, FatEEEH
GONFRI PR E MMM E S RRA. EF T, BRmES
BABREZ NS LLRISNESRAE, E5 IR LTI B
HEBENMFIL. BF ERFRBIVANMIEXEESHOMN R
BB ST IS M E R B B AR N BFA TR

RN B KEXNEYFTAERNERSENE
B, RETGONEEMAN, BEZMEMRESFIIERTE
EMHEE, 28% L MpGGN. mGGNETHELT BT 3T K%
2% F MAAH. AIS. MIASIIACH#EDRZ, FILER LIRIESE
&P EGRINE RS BT — B2 E £ R MR FT R BB ER
W gk e T B S FIBEETNEREMMRE, B
FOONX—LRHARERE, NEAT RN REE, BMEIS R
XS MR, BRAFELEHANESEY, AltTES
HAEFGONFBILMIZHEMER. FiEE HRIZEEESHT
BXFNFEECONNELZE, BFRRNEEZ ARTFIEF
. IBEERKRAGTE—ENIZE, AITTEMIRG. AL
MUEHEVETSH, AL T EMRE.

E R M5 E XFA TN B 4B B R 1032 0 14 4T T AR R RO B

* 55



hECTHIMRIZRE 20234118 $21% $ 114 £ 516958

R, ERANBERIGKIEDEEBFILECON 2D MR
=7 I m T REAN FEMEGGN, IACHATEEM SRR AR
RIEEXY, ZhangZ MR 12.2mm A HEEZIGGNHIAC
5205REMMA, HEURMMERMS1785%M62%, 24
AREEMIDKRZAIBRF =SS ENEFFRE, EHN %
ﬁmﬁrkum ZRBFATER, LinZ" f5HEHRT%
RO R RA L MM LR BRI R RMER S . GGNIICTE
s, RRSMASEN, REFENEINESS, 54
AAH—AIS—>MIA—IACKALRF Tk, ZhouZ Mk R T
CTEIZHTIACKIBI{EH-571.63HU, SRMAISSIESS140.854
F10.758, W EHETHIRAITESHAEE THCTHEERHR
MBI ERER, AARERETEMIDKREMTE
KCTEZFNGON; MMM ERAT, SANEZE" MR
=&EPIER—%, BITROCHLE N, IDKRILHIACKHRER
14.25mm, BREFNEEESE70.673. 0.859, HEHCTE
>-422 . 50HURY, 1ZBFIACRYBUR R4S 90.755. 0.750, M
S5HASYRIREREETNES, ZERTESHREIKE. CTH
. WA EREE %,

ARREN, BB, AHAERTLEGONSIMNEES
., ARERPE, HEPHEREKEERERTFERY, 25
SR EBISEREER RS ETEMGON Y, HRER, &
FANBHFELARRENNELEEERHAESENES
¥, TEMFEAR<10mmBEL . HREEFRLERNE
ENEFE, AIERBNTIFETHSM, Lim HIZ Rk
M, REAHTLIGONNKENE, FaATRETS AN,
AARLERS S IRE—B. HR"IRECONHEAEEE
MRS RTNRIERET. sHRERERRAEE
M. REREMFRNGONE M EN 2N, SE/NESH
RER—B,

ARRERETDEIDKE. FHCTE. BAEER. &

. ARARENEZATIESIH, ZRAERITEEN,
iﬁammrﬂﬁﬁﬁiﬁmm%oE%%Fﬁ%%%%ﬂﬁi
K, BERBNEBRMEURELS, TR REE/[S 3
@ﬁm,%ﬂFW%WM¢ FIBY BB AL 1L N, BsaiErE
e, SHTELS, FUHT—®#ER). —HEAEER. &
AR K = 4 2 (1) 2MARRIE A, RERIEZENIEKRN
AR RIEMN, REFBAICESRTUNSAE. SHE
FEW. KSR M B £ KRR RE,

BARRFHSRIBERAZEIRATNEE, £RER
EARIRIAUCH0.965(P<0.05), FREAEXSTUNEE XS GGNE FhARE
BN BB RSN E,

ATEEMBRHEBEETNER, FHI1BELogistictREH
BT ERRE R S EHTHENNIE SR T HISEEE,
T AR B 4T — B R IR PRS2 A M B3R E AT R IR LS B A%
A S TZENAERFN B, AEMEETZENEER
SFIERR S A

FRAREGE—LRRY: (1)KERHERD, FNRE
FETERYE, BEE—FST ARAERZPOHR. Q)
TG ZEFTNER T N RINBRIE, FEERTARARS
Wo B)AXAEREMR, FIEEERE.

b, BECTHAAIEESHIGONE M EANEIME
REWMNNE, EECTEEBSHPNUWC-AP. K-NCHAIEES
HhM3DKR. FHCTEIIACHRIBRES, EFXERE
Eﬁﬂ’ﬂnomogramﬁﬁb?%ﬂz’\Wﬂ@FE’LxdﬂIﬂfﬁHmJE:E’J}—LLﬁ
&, WA 5 EERRBENTIEEEEENSEE N

253

[1]1Sung H,Ferlay J,Siegel R L,et al.Global cancer statistics 2020: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185
countries[J].CA Cancer J Clin, 2021, 71 (3):209-249.

[2]Perez-Johnston R,Araujo-Filho J A, Connolly J G,et al.CT-based
radiogenomic analysis of clinical stage I lung adenocarcinoma
with histopathologic features and oncologic outcomes[J].
Radiology, 2022, 303 (3): 664-672.

56 -

[3]Mazzone P J,Lam L.Bvaluating the patient with a pulmonary nodule:a
review[J]. JAMA, 2022, 327 (3): 264-273.

[4]Travis W D,Brambilla E,Noguchi M,et al.International Association for the
Study of Lung Cancer/American Thoracic Society/European Respiratory
Society international multidisciplinary classification of lung
adenocarcinoma [J]. Journal of Thoracic Oncology, 2011, 6(2): 244-285.

Bl EFLMBY )&, PREFSAIH. PEEF AR EADTHE
B0 [I]. A E 45,2022, 102(23): 1706-1740.

[6]1Du W, Yu M,Luo X,et al.Application value of spectral CT imaging in quantitative
analysis of early lung adenocarcinoma[J].J Oncol, 2022, 2022: 2944473,

[7]Miller D D,Brown E W.Artificial intelligence in medical practice: the
question to the answer [J].Am J Med, 2018, 131(2):129-133.

(8 3K & &, TK 7R, 2 A0, HRCT33 48 xf 4 B 53 45 4 4= 1 o TN AR 22 0] A I CT
FOMRI 24 75, 2022, 20 (11): 67-69.

[9]Eguchi T,Kadota K,Park B J,et al.The new IASLC-ATS-ERS lung
adenocarcinoma classification:what the surgeon should know[J].Seminars
in Thoracic and Cardiovascular Surgery,2014 26(3):210-222.

(L0 o, B, A7 ORI Mo B0 R R0 0 W Fo R R 2638 (U], o 2 B i 4 S0 A
Z£7%,2017,33(9): 513-516.

[11]Agostini A,Borgheresi A,Mari A, et al.Dual-energy CT: theoretical principles
and clinical applications[J].La Radiologia Medica, 2019,124(12):1281-1295.

[12]Zhang Y,Tang J,Xu J,et al.Analysis of pulmonary pure ground-glass
nodule in enhanced dual energy CT imaging for predicting invasive
adenocarcinoma: comparing with conventional thin-section CT imaging[J].J
Thorac Dis, 2017,9(12): 4967-4978.

[13]Yu Y,Cheng J J,Li J Y,et al.Determining the invasiveness of pure
ground—glass nodules using dual-energy spectral computed tomographyl[J].
Transl Lung Cancer Res, 2020, 9 (3): 484-495.

[14]Yang Y,Li K,Sun D,et al.Invasive pulmonary adenocarcinomas
versus preinvasive lesions appearing as pure ground-glass
nodules: differentiation using enhanced dual-source dual-energy CT[J].
AJR Am J Roentgenol, 2019,213(3):W114-W122.

[1s1 8, /. R BECTEMB O PO LA AR J]. PEHEFREF L
,2022,30(3): 301-304.

[16]Liu G,Li M,Li G,et al.Assessing the blood supply status of the focal
ground-glass opacity in lungs using spectral computed tomography[J].
Korean J Radiol, 2018,19 (1):130-138.

[17]Aoki M, Takai Y,Narita Y,et al.Correlation between tumor size and blood
volume in lung tumors:a prospective study on dual-energy gemstone
spectral CT imaging[J].J Radiat Res, 2014, 55(5):917-923.

8148, (& oM, RIRTR, 2. fb i CT i 4 33 25 % 4 219 W oh iy B ME 0] o
+[%q—%‘if" 2021, 101(45) 3742-3747.

[19]1 X3, 4 %)ﬁ 58 [ 1. B 57 2 4 HRCT (3 444 5 B 7 2240 2L 4 4 % 57
11 ?M%%z—* 2020, 30 (4): 588 592.

[20] P/?fﬁ,ﬁk A0SR, 2 02 N B A (< 10mm) MSCTHAE 74 i B
IEJWJ%@WME[J] ﬁk;ﬁq—’%ﬁi 2019, 34 (7): 778-783.

B, BT, 2. A T8 f 5 1 5 8CHUIE 38 2 4 730 R 20 0 44 1
K%ﬂ%ﬂ:[ﬂ A A, 2021 37(3): 388-391.

(220 %z, #T, TR, F ALE B Bl 5 BRI 45 4 0 A B W BRI [0,
[E] ] 0 % S FHIE R 22 75, 2022, 29 (07) : 878-885.

[23]Ashraf S F,Yin K,Meng C X,et al.Predicting benign, preinvasive,and
invasive lung nodules on computed tomography scans using machine
learning [J].J Thorac Cardiovasc Surg, 2022, 163 (4):1496-1505. e10.

[24]Lee S M,Park C M,Goo J M,et al.Invasive pulmonary adenocarcinomas versus
preinvasive lesions appearing as ground-glass nodules:differentiation
by using CT features[J].Radiology, 2013,268 (1):265-273.

[25]1Zhang Y, Shen Y,Qiang J W,et al.HRCT features distinguishing pre-
invasive from invasive pulmonary adenocarcinomas appearing as ground—
glass nodules[J]. Eur Radiol, 2016,26(9):2921-2928.

(261 R AR, A0 52, v 2 0, 2. 36 F W% % 7 b L 8 AL EW”CT@T%ﬁﬁﬁL?ﬁEJJl"
Wian S (1], B B B ok AL AR 4R, 2018, 24 (5): 378-382

[27]Lin Y-H,Hsu H-S.Ground glass opacity on chest CT scans from screening
to treatment:a literature review[J].Journal of the Chinese Medical
Association : JCMA, 2020, 83 (10): 887-890.

[28]Lee K H,Goo J M,Park S J,et al.Correlation between the size of the
solid component on thin-section CT and the invasive component on
pathology in small lung adenocarcinomas manifesting as ground-glass
nodules [J].J Thorac Oncol, 2014, 9 (1): 74-82.

[29]Lee H W,Jin K N,Lee J K,et al.Long—term follow-up of ground—glass nodules
after 5 years of stability[J].J Thorac Oncol, 2019, 14 (8): 1370-1377.

(301 Tk, M B, kS5, 4. 59008 4% R 4 4% 5 CTAR B St LAt 0],
o [E CTAIMRI 4% %, 2022 (7) : 48-51.

[311Zhou Q J,Zheng Z C,Zhu Y Q,et al.Tumor invasiveness defined by TASLC/
ATS/ERS classification of ground-glass nodules can be predicted by
quantitative CT parameters[J].J Thorac Dis, 2017,9(5):1190-1200.

[32) sKIEAE, EUNE, A, . JE T ALY B 550 0 2 - 301 o 3R U A K Tl & Log s tic
Y47 (3] W R AT S 42 75, 2020, 39 (10): 2120-2123.

[33]Nasrullah N,Sang J,Alam M S,et al.Automated lung nodule detection
and classification using deep learning combined with multiple
strategies [J]. Sensors (Basel),2019,19(17).

[34]Li X,Hu B,Li H,et al.Application of artificial intelligence
in the diagnosis of multiple primary lung cancer[J].Thorac
Cancer, 2019,10(11): 2168-2174.

[35]Callister M E,Baldwin D R,Akram A R,et al.British Thoracic Society
guidelines for the investigation and management of pulmonary
nodules [J]. Thorax, 2015, 70 Suppl 2:iil1-ii54.

[36]Revel M-P,Lefort C,Bissery A,et al.Pulmonary nodules:preliminary
experience with three-dimensional evaluation[J].
Radiology, 2004, 231 (2): 459-466.

[37]Lim H J,Ahn S,Lee K S,et al.Persistent pure ground-glass opacity lung
nodules >/= 10mm in diameter at CT scan: histopathologic comparisons and
prognostlc implications[J].Chest, 2013, 144 (4):1291-1299.

(3815 4, it i i, AL, 4F. ﬁf’;ﬂﬁﬁﬂb M 5 B e ) S0 B 2
o i K A6 (). SR AR 2 2 5, 2021, 37 () 216-219.

[39] B 21 M. fii 5 34 3% 45 5 CT 5 M%iﬂ#)mﬁ}%m RS SR, 2020, 35 (11): 1472-1475.

[40]Lantuejoul S,Rouquette I,Brambilla E,et al.New WHO classification of
lung adenocarcinoma and preneoplasia[l].Ann Pathol, 2016, 36 (1): 5-14.

(WeFsHEA: 2023-03-15) (RES4R4E . FHEKR)

(2022



