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[# ZE]EBARFTAESIESE (pure ground—glass nodule, pGGN ) Jili i3 1B HLKT 2 F9 4 (computed tomography, CT)fE4 5
FURERR R A OCHE ST CTAESR 5 R AR FE A TR R . 73 « Bl Btk 43 BT 424 (611 22 T AR DD R (0 3076 AGTIE 2 LI €T 26
LA pGGN f14 it i 988 58 75 1 PR BEORE B CTAE S, AR AT s BTG 4G 205 53 20y A M 280 PR Ao 1 A B i | i i Mo R 5 i 1 A
P 4 4 X2 1) 22 S R TR O7 KL S0 B Fisher 8 DIEAIE FEATSETH 0 M o XA GET 27 2 SCRO S5 2R, (IR R HT RE 20 A 21 85
(Waikato environment for knowledge analysis, WeKa) {18 6 F 27 > 5030 -4 7 BOMAR RUR €2 | I 56 TEAEG 1 , PRk Hh el FH T A A
FERITRIMAEAY . Z55R 4 LHIRITESE 1Y HAR A5 1A R E LAY 22 5 B G 5 L (P<0.001) , X1 59 BLARFI{E 739 0 6.90..8.65
10.71,14.56 mm , X 37 (1) 25 2 - B (L5331 1—-633.16 . ~543.04 . ~401.03 . ~322.94 HU , Fifi %5 J kb (1 12 1 R 32 i o, 45745 10 P42 I
FEEEH R R B 4 HRFEEE S o3t B A AT TR A SO SRR R 2 R B i
X (P<0.05) , 45T B A= AL B, AF I WA S | B 2R 53 i il 8 5 e o 25 22 S JE e 127 R L (P>0.05) o BEAILAR PR 125 i g 2
B4R TR 5 0 o 7 2%k 76.42%~79.72% , Kappa AU 0.597~0.670, 3Z i # T AEFHE (receiver operating characteristic , ROC) [t £k
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Correlation analysis and prediction model construction of CT signs and

infiltration degree of pure ground—glass nodule lung adenocarcinoma
Hu Yu,Du Ming
(Department of Cardiothoracic Surgery , The First Affiliated Hospital of Chongqing Medical University )

[ Abstract]Objective : To explore the correlation between computed tomography (CT) signs and infiltration degree of pure ground—glass
nodule (pGGN) lung adenocarcinoma, and establish a prediction model of CT signs and infiltration degree. Methods : The clinical data
and CT signs of 424 patients with lung adenocarcinoma confirmed by surgical resection, pathological biopsy and chest CT findings of
pGGN were analyzed retrospectively, and according to the results of pathological biopsy, they were divided into four groups: atypical
adenomatous hyperplasia, adenocarcinoma in situ, minimally invasive adenocarcinoma and invasive adenocarcinoma. The Chi-square
test or Fisher’ s exact probability test was used for statistical analysis of differences between groups. For the results with statistical sig-
nificance, six learning algorithms in Waikato environment for knowledge analysis (WeKa) were used to build the prediction model,
verify the accuracy, and select the prediction model most suitable for this study. Results : The differences in nodule diameter and nod-
ule density between the four groups were statistically significant (P<0.001) , with the corresponding mean diameters of 6.90, 8.65,
10.71 and 14.56 mm, and the corresponding mean densities of —633.16, -543.04, -401.03 and —-322.94 HU, respectively. The diam-
eter and density of the nodules showed an obvious upward trend with the increase of the degree of invasion of the lesions. There were
statistically significant differences among the four groups in nodule boundary, lobulation, burr, vascular perforation, pleural indenta-

tion , air bronchogram sign, and vacuole sign(P< 0.05) , but there were no statistically significant differences in nodule growth position,

age, smoking history, family history of lung cancer in immediate
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(2023-04-28) and the area under the receiver operating characteristic (ROC)

family (P>0.05). The prediction accuracy of the model constructed
by the random forest algorithm fluctuated between 76.42% and
79.72% , the Kappa coefficient fluctuated between 0.597 and 0.670,
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curve was greater than 0.9, which was the best among the error indicators. Thus, it is the most suitable prediction model for this study.

Conclusion : The different CT signs of pGGN are closely related to the degree of infiltration, and can be used to establish a prediction

model. Based on the model built by random forest algorithm, the average accuracy of quickly identifying the pGGN infiltration degree in

the early stage before invasive intervention is 78.07%, which is the highest accuracy, and can potentially be used in the prediction of

lung cancer in the future.

[Key words]pure ground—glass nodule ; lung adenocarcinoma ; computed tomography sign; degree of infiltration ; Waikato environment

for knowledge analysis ; prediction model
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A ) AT T ABE AR T AR A A 0 e S TR
B VS BT 235 7Y R T i g AR T M R 98 1Y Nomo-
gram P A 5 TRl SE Ml ] WeKa 257 19 ¢ F R
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L1 fASRHE O CT Fig 4 A>5 mm H<3 em"'f
pGGN; QA FI 5 # M & CT(CT & 2 F M4 <1 mm) , T A1)
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141 wEifg OZTRKERZ EREZZEE<] mm
Tl & CT B8, T2l i 5T R 46 J2 T 2 45 2 b g —
AR EEST AR A5 B E5T BRI K. W T-shil &
PR 4577 B AR R KA 5 SR H 0 B B CT 435 45775 i R .
X b, PR 22 B F N LAY/ NR 22 . QBT R
(B BE I A2 RE <1 mm BT CT PG, -2l Il A 235305
TR 2 T 252 T h B — A2 T R 25T 3 B 15 B Y 25757
5 T OIS AR, W AR PR T LA SRR A i, 2
B R 2E
142 GEMAESR O KA E A4 Ert A
M G 22 i R AR R QES TR AE R AL EE
ORI SrHAE BRIE R NIREIE . GZ5 N &
TG 28 SR LA SR AT AR 25 HIAIE
15 it

R HI SPSS 25.0 ZE iR AT B AL BT o THERBEORE
SER IR = bR (v 2 5) RoR R E 7 25007531
BRI E 53 L (n, %) F7R , RBUMSTAEA R 7k 96
H Fisher B UIMEAR 250 HT . K6 /K 1 «=0.05,
1.6 R AEA

K WeKa £ 57 pGGN fili 88 CTHIER 5 HAZ I T2 R Y
PR o SR FHBEALIEIN , K 424 G 45 545 B 121,21
3:1.4: LI L5 g 4 41, B — 2 rp A A2 K SR 2R,
— AL 2129, B0 UELL 212 1) 41— FEARAL 283 {51, S5 0IE
2141 )5 20 = LA 318 4], B UE2H 106 {51 ; 25 Y - i AL 4
339 (5], S UELL 85 1] . i ] WeKa Xof AR 41 A4 43 BT L o7
TOUASEIRY | FFY 0 TF 2H S B i RS T8 ) oA 2 . ASTIFSE
R T 6 AN [ 14 93032 %o A A BCHE A T 03T, 43 )2
A F D11 (Naive Bayes) . 3245 ] 15 ML (support vector ma-
chine, SVM) . K £ i 4B 2% > #% (Instance—based Learning K-
Nearest Neighbor, IBK) . Bfi#LZE 51 £ (Random Committee ) 2k
M J48(Decision tree J48) FIFHHLARAK (Random Forest)

1.7 BAFNMIRAR

P 6 Fn A 38 YN 25 4 16 2R (training set accuracy) (38
B UE UE 55 2R (cross validation accuracy) |l 2t £ i #f R
(testing set accuracy) . 32 ik # T AE FF1E (receiver operating
characteristic, ROC) {1 2& T T X (area under the ROC curve,
AUC) . Kappa % %0 . F 4 46 XF 1% 2 (mean absolute error,
MAE) . #)J7 #1% 22 (root mean squared error, RMSE ) | A % 4t
%1% 2= (relative absolute error, RAE) FIAH X -5 #R 1% 22 (root
relative squared error, RRSE)!181

AUC: 1 0~1 G /NE. AUC TR — K T 0.5, 3% 4>
(EDBAEIT 1, BERARERY Y 3 RO B . 3XAMEAE 0.5~0.7 i
A BARHERGBE , 75 0.7~0.9 B A — 5 HEBI I L ££ 0.9 LA ERHA
2 e P R

Kappa F 4 : J T BB T 45 R AN 2 PRy 245 R 02
T —3. Kappa REIUEFE-1~1 Z (8], IZFr N H H Kappa 5
BHATE O~ I AW — Bt A 2 . Kappa RECGHRK, 13
W] — Sk f . — N 7, Kappa R %0<0.4 B, 2 01— 201k
7% 50.40<Kappa F $0<0.60 i , 2 B 1 i — 35 ; 0.60<Kappa
ZH0<0.80 i}, & WIAG 43¢ 1o & 1) — 200k s Kappa 2 %10>0.80 i,
T A RGP — 3Pk

MAE : J2 28 %) 15 22 1) V- Y4908 . T VAl 00 45 51 Fn
LGSR — B, S5 R NN R AL

RMSE : i 78 1K B2 (9 o JH A6 b L TR A Bt S0 5
FLYLAEZ I) A i 22 , B5C{EL B/ N s B RRS E

RAE : i et 728 10K B8 19 6 b, T0000 250 {815 9 Bfifi
PR 22 I 2 X (L, (BB N SR B AR B AR

RRSE : 52 W0 (#5552 B (B i 22 197 J7 5 OB U (B P
Dy AR FH S A T A ) S BRARCAE =2 ) 1) s 2, 8/
FWIBALEAR

2.1 AARHR

AR AR 1 pGON SR E I R FFAE HL AL, AAH L AIS
MIA TAC 4 ZH 8570 P AU TR K S0 | L 3R S J it 5 e
§EERTG I FE L (P>0.05), SR THEEN,
SRR A (52.5 + 10.7) %, LA Z 0L, B Hdyh
1:2, WO HE SRR E L2k 105, B R E R B
SR L2 1010, WL,

1 FEFEHRENPGGN BEEIGKIEHE (n;n,%;x £5)

TiH ERTR [ ) % AR 1% WA S HAEREER
AAH 50 13(26.0) 37(74.0) 51.2+10.2 10(20.0) 7(14.0)

AIS 232 62(26.7) 170(73.3) 523+ 11.3 32(13.8) 18(7.8)
MIA 126 46(36.5) 80(63.5) 52.8+99 30(23.8) 11(8.7)
IAC 16 7(43.8) 9(56.2) 58.2+8.4 4(25.0) 2(12.5)
XIFAE 5.521 1.805 6.349 2.221

PA 0.135 0.146 0.077 0.435




— 426 —

BERERKFZR 2023 £55 48 E5 4 #3 (Journal of Chongging Medical University 2023.Vol.48 No.4 )

22 CTAE%R

AN [) 2 B2 B 1) pGGN A 35 M CT 78 Wik 42 L%
AAH AIS MIA TAC 4 4B IES CT i 45 Wi K HAR S
SV RE 2R A S5 R L (P<0.001) . S5 1Rk
B YE R AR L RIS TS KA S0 B AAH P HE
Bh/NE NS mm, H KFE N 11 mm, F HAE N 6.90 mm;
232 5] AIS HF AR B/ N N 5 mm, B RKE O 23 mm, P2 EH AR
7 8.65 mm; 126 f4i] MIA 1 EL 42 e /N5 2 5 mm, B KK
23 mm, F ¥ H %K 10.71 mm; 16 ] IAC H B2 F /N H R
10 mm, 5 K& K 24 mm, I HAEH 14.56 mm. Z575 K
CT %% B AR 1 S B g L Fh#a 3, Hidh 50 61 AAH Hh 2%
FE e /N R =773 HU, B K3 b =548 HU, °F ¥ % 2 8
-633.16 HU; 232 5] AIS % & e/ N& A -693 HU, e K&
~414 HU, F- 255 3 Jy-543.04 HU 5 126 1] MIA %85 i fp /N
g -494 HU, fie K% 224 HU, -2 [ "8 -401.03 HU; 16
W TAC Hp B8 B 5 /N R —442 HU, e % 186 HU, 155
J°-322.94 HU, W#2,

AN [A) 2 B2 B 1Y) pGGN fE 35 I CT 8 MEAIE 42 L
AAH AIS MIA \TAC 4 41 B H W IES CT by, 457 2B K 2
SR X (P>0.05) , 45 1 Bt A MHAE B HIAE iy i
M BAAE 28 AT A SR TAE A AR B G2 B X

®2 TEIRARENPGGN BEKIECT ERBMERILE (n;x =)

it H SR A ER/mm 45755 % /HU
AAH 50 6.90 £1.71 -633.16 = 44.77
AIS 232 8.65+3.12 ~543.04 = 59.62
MIA 126 10.71 +3.52 ~401.03 = 47.32
IAC 16 14.56 + 4.56 ~322.94 + 69.56
XY/F1E 35.530 335.560
P1E <0.001 <0.001

(P<0.05) . Ffi#5 pGGNIZIEFR L N TR , 45799 10 A i As 15
IO 2 %, 430 RSV B I 27 S fE S B A A
W, AR 3. #5r pCON B CT B I 1.
23 FRmEEA

A3 ME FH WeKa i) 6 Fh 6] 4 ZHAS R34 LE T A 22
B B A7 434 , Sy O AR 2 (B YIZ5 4 ) e Sl 24
WG . G USSR EA T 1 B0 A8 SURAIE 12 538 LB TIE
WERR A S 0 B T 7 1) 3631 2 5 (R 4 ) 1A BT i A
T, 0 5% I3 ME B 2R L AUC. Kappa 2 3 . MAE . RMSE
RAE.RRSE. X b 437 5 530 A9 AR 8
23.1 ERAGAERGR 6 A TINBIAL | 1125 5 G S B A
£ 100% 1%/ 1BK , Random Committee £l Random Forest , Tzt
SR HEA LG 12 1 1Y Naive Bayes (79.24%) . ¥4 6 /4> T 5

®3 FRERBEERPGGN BEME CTEMER LB (n;n,%)

WH AAH(n=50) AlIS(n=232) MIA (n=126) IAC(n=16) X1 P
G517 B A i 2Rl 30/20 151/81 79/47 5/11 7.464 0.065
153 41(0.82) 152(0.66) 65(0.52) 5(0.31) 21.933  <0.001
Sy HAIE 0(0.00) 11(0.05) 21(0.17) 4(0.25) 25290  <0.001
EHIE 0(0.00) 23(0.10) 43(0.34) 3(0.19) 46.153  <0.001
¥ R T o 1(0.02) 11(0.05) 12(0.10) 3(0.19) 8.848 0.034
R 0(0.00) 10(0.04) 6(0.05) 5(0.31) 26.323 0.001
1ML A5 2747 24(0.48) 149(0.64) 104(0.83) 14(0.88) 32.049  <0.001
2 AR 0(0.00) 24(0.10) 23(0.18) 3(0.19) 12.954 0.001

A ,46 %, CT R 2T Bt
5 mm pGGN , 31 FH5 0 o
PTG ASR AAH

B.%,49 % ,CT /R Al EM 8 mm
pGGN , i1 S T , 31 2% 2 P mT U
/NI ZEAT o RERE RN ALS

-

C. 720,34 % ,CT/RAM T 10 mm  D. 9,40 % ,CT /R4l FiH 9 mm
PGGN , i1 G5 T , ST M B 4 7

pGGN, i1 S35 M , 418 3% Hfa S e 4

[UIBE o g BTG A 78 MIA FEIMIRE o o B G 7R MIA

E1 #4 pGGN EE CTEK
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I T 1 B2 SCRUE , MER R AT 2 A1) /& Naive Bayes(78.93% )
H Random Forest(78.80% ) . 1456 UF ZH K41 G A 6 A~ TR A5
TU43 S 56 IE VR =R, MERA 3R 2 10 Random Forest (79.72% )
Fl Naive Bayes (79.25%) . HtA% B (1) #E# % 1l & , Random
Forest A£ S S | [ B 28 SLIGAIE L K SRR IE v, #5A 4%
KRR . Naive Bayes [ 5 58 UEEER R 40 T4 1
AL AR ZRAE M A T, W4 B KT,
F4 BRI FEEERE (n,%)

-_— PIERS 28 LHIE M4
RS A HER 5
Naive Bayes 168(79.24)  161(75.94)  168(79.25)
SVM 195(91.98)  144(67.92)  157(74.06)
IBK 212(100.00)  134(63.21)  142(66.98)
Random Committee 212(100.00)  152(71.70)  164(77.36)
Decision tree J48 187(88.21) 157(74.06)  165(77.83)
Random Forest 212(100.00)  158(74.53)  169(79.72)

5 #EEb21 MEREERE(n,%)

— Pl 2 IHIE il

TR A= e =R
Naive Bayes 226(79.86)  220(77.74)  111(78.72)
SVM 262(92.58)  206(72.79)  107(75.89)
IBK 283(100.00)  196(69.26) 92(65.25)
Random Committee 283(100.00)  212(74.91)  106(75.18)
Decision tree J48 239(84.45)  218(77.03)  105(74.47)
Random Forest 293(100.00)  223(78.80)  109(77.31)

x6 B3 FEEERE(n,%)

e

iR A% iR
Naive Bayes 257(80.82)  251(78.93)  80(75.47)
SVM 203(92.14)  233(73.27)  80(75.47)
IBK 318(100.00)  216(67.92)  75(70.75)
Random Committee 318(100.00)  237(74.53) 79(74.53)
Decision tree J48 269(84.59) 238(74.84) 79(74.53)
Random Forest 318(100.00) 249(78.30) 81(76.42)

R7 EHLL A REEERHE(n, %)

-_— ez 2 LHUE WA

AR HERf R RS
Naive Bayes 269(79.35) 262(77.29) 67(78.82)
SVM 311(91.74) 249(73.45) 65(76.47)
IBK 339(100.00)  232(68.44) 59(69.41)
Random Committee ~ 339(100.00)  252(74.34) 62(72.94)
Decision tree J48 290(85.55) 255(75.22) 65(76.47)
Random Forest 339(100.00)  257(75.81) 67(78.82)

232 Kappa ZEL 6/ THHMALTY 1 Kappa Z £ i & AT 2
{3724 Naive Bayes(0.677) Fl Random Forest(0.670) , £/ iZ 5

RYPAE 5 52 PR (B AT i 9 — 20t . 3t Kappa R8N 5
Naive Bayes Fll Random Forest 745~ A% LU T AR AT B4 3
M. WESEFIL,

#8 EEIL1:1 MIRERIELER

LY Kappa AUC MAE RMSE RAE RRSE
Naive Bayes 0.677 0917 0.151 0293 0.501 0.759
SVM 0509 0.737 0.130 0360 0.433 0.932
IBK 0.465 0.741 0.167 0398 0.556 1.031

Random Committee 0.640 0.883 0.134 0.300 0.445 0.776
Decision tree J48 0.627 0.869 0.145 0.303 0.484 0.784
Random Forest 0.670 0.926 0.139 0.273 0.463 0.708

F9 #EEL21 PHRERWIELER

FiA Kappa AUC MAE RMSE RAE RRSE
Naive Bayes 0.667 0923 0.135 0276 0449 0.713
SVM 0.552 0760 0.121 0347 0.402 0.899
IBK 0.412 0703 0.175 0411 0593 1.063

Random Committee ~ 0.594 0.855 0.137 0.314 0.458 0.813
Decision tree J48 0.570 0.911 0.148 0.291 0495 0.754
Random Forest 0.621 0.922 0.133 0.273 0.445 0.706

F10 ERLE 31 IINEWIELER

LY Kappa AUC MAE RMSE RAE RRSE
Naive Bayes 0.608 0.906 0.149 0302 0.498 0.782
SVM 0.539 0.754 0.123 0350 0.410 0.908
IBK 0.493 0.740 0.147 0376 0.490 0.973

Random Committee ~ 0.567 0.854 0.136 0.322 0.454 0.834
Decision tree J48 0.569 0.904 0.147 0.293 0491 0.758
Random Forest 0.597 0.923 0.128 0.269 0.428 0.697

R EEE 41 IIXERIELER

T Kappa AUC MAE RMSE RAE RRSE
Naive Bayes 0.666 0.925 0.140 0.284 0.468 0.737
SVM 0.563 0.767 0.118 0.343 0394 0.891
IBK 0.462 0.729 0.153 0383 0.511 0.996

Random Committee  0.540  0.851 0.129 0.308 0.433 0.799
Decision tree J48 0.584 0919 0.140 0.285 0.469 0.740
Random Forest 0.638 0.928 0.128 0.262 0.428 0.681

233 AUC  6/NTNALHI AUC 5= A AT 2 4% 24 Random
Forest(0.928) fll Naive Bayes(0.925) , #1225 BIAT 45 = () U
% . 3t AUCTI 5 , Random Forest 1 Naive Bayes T EEEny=A
HVERREE 4 MR EE T 45>0.9, RS EH 11,

234 RZESERE 6T A AL 10 1 B, MAE I
By AT 2 7 2 SVM Al Random Committee , HiAy B LY R A%
T 2 1234 SVM 1 Random Forest, 851 3: 11}, RMSE f5%
{RAYHT 2 47~ Random Forest Fl J48 , FiA4x ZEAR L He AR A 2
373 4 Random Forest Fll Naive Bayes. #AELE 1: 1/, RAE
AR ET 247 5 SVM F1 Random Committee , Fo 4z ZEH LV T B
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I Wi 2 47 ¥ 2 SVM #1 Random Forest, ##5[ 3: 1 1,
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