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3. WEE R i 5 B LR 24 B, RIS HF 010021
WE: H: BT CT MARU R RS Nomogram FIREE GRS WA, DA LX) S Sz Ml &85 -4 330 1 1)
T AE S0 Jyide: [RIBEISCAR A0 38 2 CT PR 200 A il V. S 11 445 =4 I 409099 BEAIE SR 5 W I PR R S A% 2 ¢
Bl M CT EME AP HEBUSAZ 414 1E . Al LASSO [RIH e K 3728 SCIGUF BRI TR AR 5 . W 9B 5 (A0 i PR
LTI R 7RI RS, SR Z 3 Logistic [RIAZHT /0 IR EE 3 FHTi et . 58 1 Mt FIs R o s & B
FRESHG 5 2 PRI R AR E s 56 3 FIRIR -5 4L =BG B, A H Nomogram ¥4 Logistic
[B1VA 73 B 1) 25 SR AT AT AL RE o RS2 AR 3 T AERRAE M e LT 3 FhRE 0 0o) B8 B B A il i TA el TA
M TR BE . R SR I AT VPG AR BAS P 3 BB (I R S . 45 TR LR 192 B3k 204 #
WG EE A, MRARALZUE B o TA 114 40, JE TA 90 49, YIZR4E 143 4] (TA/FE TA 2k 77 51/66 41D,
MRAE 61 61 (TA/FE TA Jy 38 511/23 ) o AT SEVERSS T vl $2HL 1316 ANVFFAE, TWITRFFESRE K Logisti
[P Y1 3 A 23 23 R 2 AN IR R ST TN R 7 P38 CT fH. &5 R M 3 MR U2 T AR M 4t .
I PR — 5% 20 2 Tk S A ZE I 254 (AUC = 0. 920, 95%CT: 0.818~0.931) F1IX 4y TA FIHE TA I S0 T
ALY RN PRI AL (AUC = 0. 907, 95%CI: 0.792~0.914; AUC=0.822, 95%CI: 0. 764~0.895),
TR POl R 2R I N S i R AL 2 AR B (S W 3 BE T — E T . DCA 36 W 2 HUIE Wl BB A1 AL ]
DABRAE S R IR R B3 o 4518 s AT TUTF AR 1A I PR — AR 4L 2% 21 2 T 25 B 70 o T S0 Iz 1 fik 45 17 1) 452 1)
PR TR R T .
KR AR IR s WSEYESET: BRI

DOT:10. 15953/ j. ctta. 2023. 213  HEHES: R814; R563  CHEKFRIREE: A

B H PR CT LA A N TR BE Ot A A F R K, il A A8 5 851 T G S S AP 5 74 ) H 3R &
i R RO IR AR WS g5, B BE B RS 255 (ground glass pulmonary nodules,
GGNs) ™, il Py %5 JSE A e (AN 26 i L R S U IR 5715, 0454l GGNs RINRS GGNs. ST I BF 44
TRKOVHRE I8 I VAR S, s A S e A T I o B R

il 36 o AL P £ 2R 0 R O o L R o B 4 R AR 4 2. R ol R IR A 1 A
(adenomatous atypical hyperplasiar, AAH); Ji 47l Cadenocarcinoma in situ, AIS); %
BiE M s (minimally invasive adenocarcinoma, MIA); 2iHIENRE (invasive adenocarcinoma,
IA) o AN AAH, AIS. MIA B TA R—ANELER . Sh&I0IRE, ARG SR M3 ™ . ALS/MIA
A LA R D) sl s B Bk e K B b Ok B T RE R S5, 110 TA AOBRAEAR A -6 + AR ik
EEE I, BREOFURIL ATS/MIA BFE ) 5 S0 B3 T TA 3, (UT WAl DI ER I ATS/MIA
[f) 5 AF TS R A A 2 ik 100%™, BRIBEIEAA X 43 LL GONs JEZCH B TA I ATS/MIA CEE, X
SV il 45 77 R I R B TR PPN 2 G

DA TR TA VTN IR 2241, K AAHL ATS Je MIA VA dE4R 284100 HE 1A, 56T R0 41245 10E

i HE: 2023-11-30.
BEE£WHE: N5 ERK DA@REZRRH R GBE 2 #E% CT SRR AR 56 12 W W s PR il 2535 40
i (20220105)) .
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1 BRE5EZ
1.1 #MARFTIR

IR 2013 4 1 H & 2023 4F 4 H 192 9] J 35 3 204 MW Sz P il 45 15 1 R R B9 K] . 4
AARHE: @ T AR HAESE 0 il s CELHG AAH. ATS. MIA. TA, 4W§FN Az DL b5 B G VR & 17 76
i, DOBMEREE S E ) @ BEIGIKTR G MR SRR ) KB ok se 4
@) i CT By A8 L P00 W9z ME 455 (AuFE 4l GONs AR A GONs); @ AR CT K2 5 T A I [i) i)
<6 MH: O RETAREATIETRGTT CRriiBh sy 8Us07) . ZFRIER

HeBgbrtE: O WAL >3 em; @ BGIEANE, HWEESREG O B/ H i Syt i
3. B NI 7 0 3 BEML A I ZREEFTIAAE
1.2 #R&E
1.2.1 BGRESH

CT KIGId F 2 F2 )€ CT (% GE LightSpeed VCT. Gemstone CT. SOMATOM Definition Flash.
Toshiba Aquilion ONE) MEATWHF4H, TR EE WSS BMEHE R 120kV. AZ)E

L AT BG4 BIECRAE B 512 x 512 H )2 B L2 MR N Smom; B4 22 1mm 2%
1. 25mme P B ILEADEM 78 0 WS AT UG H, G Ja M B A 1Ak 2l e VgD .
1.2.2 HRE

FLRCAR IR IR B8RRI S AZ F R AE IR k) s I IR PR 45 S 2 I PR . AR DL SR 1 b eg s 5 .
G SRR R EERAE GONs [RTE A2 Mg mAFE,  (EXT (5 B R BR 45 A A S s oL, 1
AAEBRBEIN S 1 44 S RSO BB i [R) 0 A9 B8 2 1) CT BIMGEAT I Fs AR 2 tE, I
PSR BG4 AE . B AE < B Y B AR A S W AE, o B R AR A4S 45 1Y B K42 (maximum
diameter) FI°F¥ CT {H (CT value) »
1.3 BEgAERIFAEIZE, &L

{fH] 3D Slicer B (version 4. 11) BHATEIHAAFT (volume of interest, VOI) 2 (& 1),
) 1) 0 B 5 &5 1T S A A R B S 4 . AE 1 A S ARIRRK U BHE IR 3, 1 HAER RN
BEAT VOI “2)im, LAEBA) N X, TFEME 2 i 5, /2] i s 50 5 R L SO F 5 4R g
JRRE L IR 2855, A 1 58 5 R R G KIS S VOT £R47 4 NRRD #% XS0, Phdm 5 AR g ik 44

FEAESR T 75 2T UG PAL B, BB G T RAE N 1.0 x 1.0 x 1. 0 LAARHEALARZE IR, [F) K

r

4

—'

.

B o1 BB (VOT) 2 (g BG A 52 [ 1 3D K8

Fig.1 Volume of interest outline (original image and outlined 3D image)
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binwidth &' K 25HU, XJEMEIEAIT K Btk . 18] Pyradiomics #4 (https://pyradiomics.
readthedocs. io/) FEATHFAEEEEL

FRAEIERERT B JC AT TOR MR 20 A LAFEBR a BEAH OC R AR AR B, S BRAH G R4 > 0.9 HURFAE, 2R
JG X KR XIAE (K=10) g5& &/ N3 W45 5 T (least absolute shrinkage and selection
operator, LASSO) HATHFAEIERE, PilbiflE. 2K HRAE R # H % B /) LASSO &%
WIAT L A, THEAEAL B FH TG A 2P (Radscore), FFE45 AT 4 Radscore fill & 5215 4
VP RRZERI RS, RS =-5.516+ 0. 002 x Lgradient gldm LargeDependenceHighGraylLevelEmphasis—
6. 514 x wavelet. HHH gldm SmallDependencelLowGrayLevelEmphasis + 0. 675 x wavelet. LLL glszm Z

oneEntropy,.
1.4 1RBGE. MeEiTE

iz Z 3 Logistic [RIVH 73443 AAL A T I T IR B2 L AGUAR S RRE . SR AL SRRAE . IR
WG S AR A 2 I SR8 AR Y o Tl 32 30 TARRFAE M2 (receiver operating characteristic
curve, ROC) PFAl 3 PR AE IR . MKAE P BIPERE, 7t S BRI 4e R A (area under
curve, AUC). MURKEE. ¢S MUENIZ . HH 2 HEK Logistic [R50 M Il PR AN FEAR S ik ik
G S s 4 1 SR U P R R N PR, R I PR ST TR0 PR 7 55 RS AH &S 5 A 2 Nomogram . SR H
/BT (decision curve analysis, DCA) PEANIEFIIZREEFNPMREELHE T 3 A1 Il R 5K
.

I R Bk () 2 AR B B 7R, AR LU SR R TS s v i SRk AN I IE 25 20 A (1) 4
MR 8 7R, IR 39 = brifi 2= (x+s) Ron, AN CEBCRHBOIFEAR K550, 2 P<0.05
FERESG RN . FHRKMY (version 4. 2. 1) FATH A N EHE G240 -

2 &R
2.1 E&ER

ARAFGUAL 204 MO SLVEIG 2515 750 G kg b, Forh 590k 756 N, Pk 117 N, AR AR 22~80 %
Z M, AL A 59 % BRIAE 25491, JWIBEMFAAE A1 1, 4y rbAE 74 40, ASWLAE 42 5] TA
11541, HF TA 89 #i] (FLrfr AAH 14 f, AIS 31 #], MIA 44 45D, E&S. WARALE . 595K, ot
fE BREMIBAAE . ~F38 CT H A K &5 i Kt R A Rl R L (K D .

X1 IAAFFE TA AIE R %R LR

Table 1 Comparison of clinical data between the IA and non—IA groups

4151 BT R I
WA
IA 4k 1A 0/t P
e/ % 61.1+11.39 55. 66 + 10. 58 3.52 <0.001
PER (93/20 48/67 31/58 0.74 0. 390
ZE4 28 (mGGNs/pGGNs) 97/18 61/28 6. 30 0.010
SPJ CT {f/HU -348. 34 + 155. 06 -492. 24 +141. 93 -6. 90 <0.001
457 5 AR /mm 17.13+6.18 11. 55+ 4. 47 7.48 <0.001
ST (/78 47/68 17/72 10. 05 <0.010
FHE /75 16/99 9/80 0.37 0. 54
J R B AE (/6D 30/35 11/78 5. 06 0. 02
AL (/78D 26/89 16/73 0.41 0.52

FEVNGRIERIASR T, FEe . P CT (. &5 WK R, MEZESF Y HAT G AR, Mgy
PR BE MR AEAAE DI ZRBR AL IR 22 5 Gl B L (R 2D
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Table 2 Comparison of clinical data between training and test sets

Pl RS
WA
IA(n=T7) Ik 1A (n=66) P2/t P TA (n=38) 4E 1A (n=23) P/t P
L) % 60. 08 + 10. 84 55. 88 + 10. 22 2.38  0.02 64.39+7.2 55.04+11.78 3.44 <0.01
TR (B /40 32/45 23/43 0.42  0.52 16/22 8/15 0.09 0.77
jiézl[i?‘c (mGGNs 64/13 144/22 4.35  0.04 33/5 17/6 0.86 0.35
P34 CT {f/HU -350. 86 + 164. 34 —504.12+141.43 -5.99 <0.001 -343.24+136.27 -458.13+140.83 -3.13 <0.01
S5 85 KA /mm 17.16 + 6. 25 11.27 + 4. 48 6.53 <0.001 17.08+6. 1 12. 35 + 4. 47 3.48 <0.001
SYHAE CF5 /7D 46/31 51/15 4.24  0.04 22/16 21/2 6.17  0.01
BHIE CH/T) 70/7 60/6 0 1 29/9 20/3 0.46  0.50
I A AE T/ TED 57/20 60/6 5.72  0.02 28/10 18/5 0.01  0.92
WAL /) 58/19 55/11 0.93 0.33 31/7 18/5 0.00 1.00

2.2 $HETHE
2,21 RARBEZFRE. TFIE

BREANTESEPE Ml 45 A T $2 B 1316 ANRFAE, XL IE E 20y 3 25 TEAREFAE (shape). —F
FRAE (first order) PLAGUHAFAE, o SRR AE A3 K B 3L AR SR BE (GLOMD « AR JE R /IS X 3R
M (GLSZMD) K FEAT FEFE I (GLRLMD RFAE A S O [ (GLDM)D A &P duf A F5 72 A B (NGTDMD , 1%
SORHIER 7R T 45 T I AR 25 57

i H K 37 28 X5 E 45 4 LASSO [B] U156 DL R iE iE AT 1B 8, e 415 2 3 DR A 2 Ak
gradient gldm LargeDependenceHighGrayLevelEmphasis. wavelet. HHH gldm SmallDependencelLow—
GrayLevelEmphasis fll wavelet. LLL glszm ZoneEntropy.

2.2.2 1EEEMN

245 ROC 1 £ VP Al ST T i Sy (36 3 RTE 20, fEIIZRSEh, BRI IA B, AUC K
0.920; fEMRER T, I PRI FNIEE A B R I T3 B A 2= 88, AUC 233 24 0. 869, 0. 860 Al
0.858, &5 R IR IR SOUAG FHFAE I IMANAE— B R B3RS TR 424 RE X 4 TA A TA 1R
T AN SRR MR, BEA R RO B . RF 5 5 VA R A e d =i 1 DCA R, K2 2l
DL AR R PR 1AL 2 T2 T IR R B A8 R IR B A A 2 R N AR (8] 3)

R 3 =PRI R AR 112 WAk e

Table 3 Diagnostic efficacy of the three models in the training and test sets

2053 iR AUC 95%CI UK E I R Ry e 2%
I AR AR 0. 822 0. 764~0. 895 0. 788 0.725 0. 755
IR B RO 0. 907 0.792~0.914 0. 850 0. 754 0.811
e A AR 0. 920 0.818~0. 931 0. 862 0. 767 0. 825
I AR AR 2R 0. 869 0. 692~0. 921 0. 800 0. 696 0. 787
MR B R 0. 858 0.615~0. 868 0. 823 0. 600 0. 820
I A A5 0. 860 0.675~0. 910 0. 829 0. 700 0. 820

s 95%CI Fok 95 EFIX A,
2.2.3 %%l Nomogram

T Logistic [MIHMMTIIEEE, LEVIZREAMIRAE 11k A BoAy W2 ML 1l B I 24
HISP2Y CT (S 45 Wi KAR, PE BT BALKAR AR LS, IR AR 2000 B BRI R TA L5 F
TA A BAT L EAE .
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Fig.2 Model ROC curves
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Fig.3 Decision curve analysis
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AR MRS ey 222 8 R, SR O AR AE T e v R B 2 PR R A LA SR 4
IR e SRS B, FRER UL I R s M AN s S I R OQIBEE 15 70 A I PR v SR A A PR HRG 7
ISR AR, SARYIAE N —FE OIS E R, O BB M I 2 W, S0, VRIT &
Pl R UG PR S5 A3 T ) 2 A W9, B M S Wk ge AT . & i H iy
J&T 0 S 45 4 A BRI IA T SRS M AR B —, B B BN PR 2 B P T B H BN S s M i 4 Y ik
FEFRDL R AE R VA7 (IS D o

Wb, AT IR GERIE N E CT BGOSR A AR, (S IR T I L A
FLO6T B B FRE M R TA FIEE TA 4> 25T B

T IR, WK BB B R E I BEAE — 8 P2 3R TH%L G0 s A5 A1 4 B 1 Jo00 44
TEINGRAET, ARG A AL AUC B /1 0. 907 #5548 0. 920, T ZEMRAE, X%t i 0. 858
TEA 0.860. RV ik, AR D6 A AR A A T R AR A 2 AR O R R IR M I 5 1) TN i ) o
(AUC 43112 0. 860 F1 0. 858), S Ifij I AR f#] AUC (0. 869) i T-W o HEW 1] B b T~ 5L 4 et 4 A
AN 5) G 8O IR S G 2R AR e M A, RV Sl ok VA B MR 7 SR s o S L, ECR g
BAR LA g5

R, 5 Gt 7 Y 25 D) G JEU AR s 1R A AR o e4h, DCA SR, AEZ BRSO, BRO Al
FES 5 TA FHE TA J7 T ELAT IR RS TR R G5 55 41 24 AR R o K (R PR 19225

i EI A S T R, AR E . BRIAE . BN PAAE . ZSIAE. 45 i
KA B T35 CT H SR AE AT N E T . SR R, fEES. g5 PEm. M s B fiE . P34 CT {H.
N ERRAR S S S BRI R TA/AE TA IS RIAE G, iR BRIAE. AR TC A
b, IXATREAE B TR WS PR AT S AR 2R R A I, AT A AN M I A L TR A A i ) R K
JIRE P S A KR AN — S R T RE S BRI R A 2, B H BT JC IR SCRE S IAE S GONs 12
T REEE AL,

N, GGNs [T &AL BRI T BRI 25, T U g AR/ N T Lem N, TEAZEEHIE
TEANILAL, AR /NG AT B RIAE ] BE 2 2

AT UG, 0 Y CTMH. 451 B KAR S oy HAEAE DI SR A AR AR 2 S 3 4 vk
SR, MEETET B EAE . DA A G RIS 2% 22 5, X 45 1 R A
ZHEHE A — 50T e SRR B o A A S M Sy — 5T, BRBEINI A AE (9 A7 A0 5 7 S FLER I
TEaAE— s R 32 B4 /NI 28 A B S, T S B — 52 B AR

Z K3 Logistic [MIHAHTUESE V-3 CT i J 45715 e K AR GNNs 2 28 P A r miifE i, Xl
HEAEBF A0 R e PR 52 B A0 — B [RIE TA 9P 3) CT A S i KA R TIE 1A, X—4 55
Zheng 5" IWT ST 45 FAHIT o

G ZERERE b, AR R CT BHE, HH#Z2EHEI7E Tom F1 1. 25 mm 22 [0], IXAFHE
BE A LRI O b 58 70 0 S P 45 4T (R AN i i), SUREAT R i G 2 5 LA D AR S 38 R AE v]
St AR, EHGZELE RS SRR g, B MR e T ER . Bl Peng
SRR, BURE R S BUS R A R AL AR S R BN 0. 525 Xu 257 (ST th I AE T 24 it
S HEANT Lem I, CT BRI S H0N 2 X6 2R AE A2 W Ik B H AT W25 5% mi, 4 2 g
B T R P R e, 445 AR KT Lem I, CT SEEESHONHS WL AE I 52w A B &

AWFFAFAE PR YE . O AWM RIBPERF 5T, AT fEA2 2k B n 05w, @ Bl/b ARt iur 4
DARE IO AL )T s B) ARXFGONs HEAT PEAN 1 20 20T, 0% T AN[R) LA S 3 B A 4515 BT LAY
(B o R SR AOBIF 9 AT 30 0 N A I AIE B0 o o 5 1 I VR AR 9T LA B 5 T ggg i TR
RS T BOR T 5 M5S0 A 2, HEITHE SN G 21 24 1 I PR S 382 1R 5 B N FH R
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LELPTIR, BT IR RRFAEAD CT SEARZH R (i Sl 37 P TR AL 2R o M. 2 e s 45 5 5 P A 6 v ) 9
WML RE, Nomogram N IBE G BALHEAT WAL AL, AT ICSE T« AR AR 5 A i A . 2 P i 5 A
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Radiomics-based Nomogram for Predicting Invasiveness
of Subsolid Pulmonary Nodules

XUE Ruihong', WU Tingting', CHAI Jun™, ZHANG Yujie’,
LIANG Enhe’, ZHENG Zhigiang’

1. Inner Mongolia University of Science and Technology Baotou Medical College, Baotou 014010, China

2. Department of Radiology, Inner Mongolia Autonomous Region People Hospital, Hohhot 010017, China

3. School of Electronic Information Engineering, Inner Mongolia University of Technology, Hohhot 010021,
China

Abstract: Objective: The study aimed to develop and evaluate a clinical diagnostic model that combined computer
tomography (CT) radiomic features with a nomogram for predicting invasiveness in subsolid pulmonary nodules. Methods:
This retrospective study analyzed both clinical and imaging data from patients at our institution who were diagnosed with
pathologically confirmed subsolid pulmonary nodules at our institution based on thin-slice CT images. Radiomic features were
extracted from these CT images, and LASSO regression with K-fold cross-validation was used to select the most informative
features. Three predictive models were constructed via multivariate logistic regression: the first incorporated clinical
parameters and conventional imaging features; the second relied solely on radiomic characteristics; and the third was a hybrid
clinical-radiomics model. The logistic regression results were visually represented using a nomogram. Receiver operating
characteristic curves were utilized to compare the classification predictive performance of the three models for distinguishing
ground-glass opacity lung adenocarcinoma IA and non-IA cases. Decision curve analysis (DCA) was employed to assess the
clinical utility of these models across different cohorts. Results: A total of 204 subsolid pulmonary nodules from 192 patients
were included. They were divided into invasive (n =114) and non-invasive groups (n = 90) based on pathological typing.
These nodules were divided into a training set (n = 143, [A:non-IA 77 : 66) and a test set (n = 61, IA:non-IA 38 : 23). A total
of 1316 features were initially extracted from each subsolid nodule. Subsequently, two independent clinical predictors (mean
CT value and maximum diameter) and three radiomic features were selected through feature selection and logistic regression
for model building. The combined clinical-radiomics model demonstrated superior discriminative capability (AUC = 0.920,
95%CI: 0.818~0.931) in distinguishing IA from non-IA within the training set compared to the radiomics model and the
clinical model independently (AUC = 0.907, 95%CI: 0.792~0.914; AUC = 0.822, 95%CI: 0.764~0.895). In the test set, the
inclusion of clinical data improved the diagnostic efficacy of the radiomics model. DCA demonstrated that the combined
model generally provided greater clinical benefits in most scenarios. Conclusion: The developed clinical-radiomics joint model
showed promising performance in predicting the subsolid pulmonary nodule invasiveness.

Keywords: radiomics; lung neoplasms; adenocarcinoma; subsolid nodules; ground glass nodules
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