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[Abstract] Objective To compare the diagnostic efficiency of convolutional neural network (CNN) classification model
based on chest CT and attending physicians of radiology in distinguishing pre-invasive lesions (PIL) and invasive
adenocarcinoma (IA) manifested as lung ground glass nodule (GGN). Methods Chest CT of 1 086 patients with 1 214
pathologically confirmed PIL or IA were retrospectively analyzed. GGN were divided into training group (n=1 092) and
verification group (n=122) at the ratio of 9:1. Isotropic preprocessing of the training data and random sampling and filling
of 3D image blocks were performed, so as to establish CNN classification model to identify PIL and IA in GGN and verify
using verification group. The verification group was classified by 2 radiologists (physician 1 and 2) to identify PIL or IA
manifested as lung GGN. Receiver operating characteristic (ROC) curve was used to compare the efficacy of CNN
classification model and 2 radiologists in classifying the verification group. Results ROC curve showed that the area under
the curve (AUC) of CNN classification model and physician 1 and 2 was 0. 866, 0.742 and 0. 769, respectively. The
diagnostic sensitivity of CNN classification model was 84. 81% , significantly higher than that of physician 1 (67.09% ., ¥’
=11.352, P<C0.001) and physician 2 (74.68%, y* =18.473, P<C0.001), while the specificity was not statistically
different between physician 1 and 2 (both P>>0. 05). Conclusion The efficacy of CNN classification model for classifying
PIL and IA manifested as lung GGN was higher than that of attending physicians of radiology.

[Keywords] lung neoplasms; adenocarcinoma of lung; neoplasm invasiveness; artificial intelligence

DOI:10. 13929/j. issn. 1003-3289. 2021. 09. 015

X bk %5 AR 16 22 ) 2% o7 2R AR B 55 7 5F 74 B2 Uib == 531
=2 ] 14 A AR 92 B 350 BE
FoOALRAR AR R AR R0 & R IR AR A
(LT BR K W TR B2 BE SR TR 4000305 2. i K MR I EE BE RO R 27 K% 1160015

3. M R R E B B IR M 22500354, K BERL KA IR 5 L EE B R
T RIE 11602355, BTG IE B N PEA5 B2 R BOR A BRA =L BRTE i 714099

(# ZE] BH HERETHRE CT 8705 B2 M 4 (CNND 2 2887 5 50 58 B 37 B2 43 28 B8 BEBE 2575 (GGND

[(E£THE] &RTALBA EERB H (2019ZDXMO007) .

[SE—1EE] FrR (1993, 5, UL BH A B+, B0 . 507 1) . O3B FE AR 2 W7 . E-mail: yinke93@163. com
CEEEE ] Ak, K RS b BEBE O, 116001, E-mail: cjr. wujianlin@ VIP. 163. com
Cg#m B H#] 2020-12-21 [f&E HH#I] 2021-06-20



[ BE A AR AR 2021 AR5 37 %5 9] Chin ] Med Imaging Technol,2021, Vol 37,No 9 *+ 1339 -

HIR A FR S (PIL) 58 M (TA M ALRE. Fik [ 40T 1 086 I 229 ¥ i1 12 PIL o 1A B H IR CT, 4k 1
214 # GGNLH 9:1 Fe s Hooy 2R 2 (n=1 092) R B IE 2 (n=122) , YN 25 28 $ 48 247 4% 1) [6) 0 39 Ak B0 3D 14
HeBEALRAEFITAE , @57 CNN 4288 I 2541 GGN 432854 PIL 8¢ 1A, 3 FRIEASFATRIE, H 2 AU R IR E
UICBE I 1 A0 2) X 3 UEZH GGN #4745 38, %00 PIL 5 1A, SRS 3 TAERHIE (ROC) £k b CNN 4328807 5 2 7%

S RE 32 3R BE VX B TR 2H HEAT 43 2SRk RE

ZEH ROC L BN, CNN 2R8I BEIf 1 K 2 %5 PIL 5 1A (94 T

BLCAUC) 4351 4 0. 866.,0. 742 J 0. 7693 CNN 3 2R R 2 WU (84. 8100) .35 i T BRI 1(67. 0954, * =11. 352, P<<
0.001).2 (74.68% , %’ =18.473, P<C0. 001) , MiAF 5 B S EIT 1.2 2RI AL EEL(PH>0.05), i CNN4E

FEAL %) GGN Wi PIL 5 TA RY%LBEE T 0 BHE .
(R8I ] Moo s B goss s MoRiR 281k A T8 fg
[HE4ERS] R734.2; R814.42 [XERFRIZALZ] A

2011 4, [ B fili i BF 5% B 2 L 5 I i Rk 2 2 R
PHP G 2 5 3 8 43 R 38 CT- B2 M G M F 9 4
HH I B i B PR 22 2R A S A AR DRI PR B2 U 15
0 it g 2 2 3L 2 S R | R S A R Rl s PR T
S . TR, B E R E IR E 2% 2 (deep
learning, DL) E& 53 #7 B B 58 #0405, 8 H T 3744
CT Bk th i [ il 259500, 90 1O sl s, 3t
7y B3 T i ) Pk A3 A DL 53 26 A [ P o fili 45 45 . ol
1218 B398 (minimally invasive adenocarcinoma, MIA)
5K #t A B PE B A= Catypical adenomatous
hyperplasia, AAH) ., Ji {i J# % (adenocarcinoma in
situs AIS) [A] 24 12 11 1 % 48 (pre-invasive lesion,
PIL)M s xf PIL 207 47 6 fifi i U1 BR A . R S5 5 4F A=
f£ % 9E 100%, 1 X & i Pk B % Cinvasive
adenocarcinoma, TA) W HE 77 17 fili i 477 B ik 22 25 0
AR ARJF 5 A A5 6000 ~88% . LR HT A
R IX 3 T % 18 5 T R O 20 R 0 A T s Ay
TSR ORBF A B FE T S CT N7 1 4 R A
22 M 2% (convolutional neural network, CNN) 432K 5
5B % B O 85 B 3 25 5 (ground glass
nodule, GGN) '/ PIL 5 TA BYZfE.
1 #AREFE
L1 — skt W5 2013 42 1 H—2018 4
12 4 1 086 ]2 F AW B4 12 PIL 5 TA B35 1 g
CT; J 414 #l, % 672 . 4F 4% 18 ~ 78 %, F 1Y
(55.5£12. 2% s 4Lkt 1 214 B GGN, H o 974 4]
Kol 1 A.96 BIK i 2 .16 BIAS Hh 3 B, a0 AbRHE
OARHAG 1A H W32 M 5= CT K4 © 4 400 2
FAESE A PIL 5 IA; @ GGN i K42 <30 mm, FERR
i : DA F 4 32 A 27 BURSHA T s @ IR 5T i 22 KA
TEMEF il . #2 9: 1 BRI A5 GGN 4325 CNN 43
FBARYIZRLL (1 092 BO R EEA (122 BO . LR
{45 490 Bt AAH,AIS & MIA Hl 602 # 1A ; 5 UE 41

[(XEHS]

1003-3289(2021)09-1338-05

fI3% 43 ¥g AAHAIS K& MIA #1 79 ¥t 1A,

1.2 U#5hFE  EJHH Siemens Somatom Definition
M CT, Siemens Somatom Definition AS 64 JZ2 CT
B} Siemens Somatom Sensation 16 ff CT Y, T & &
W ASARAT M EB 4 Y 1 B B R A 2= IR B A S
BR A 100~140 kV, 4 L 200~280 mAs, JZ )&
K la b ¥ K 5 mm, FOV 350 mm X 350 mm. 4 [
512X 512 FAREEE A5 >R - 5 1 4 e 4 AR E el oy
ZE 1 mm KL,

1.3 EMRALRE ¥ I b B0 e 4 R 45 1) CEV Rl A | 5
ARAE VIR TR AS 2, BISR 1 X1 X1 mm?® 43 B
F1 3 YRKE S5 3 (A A= 1 4% ) W] 1) DICOM B4, LR AR
CT AR b X 303 2 2 1 52 w5 3F DL 24 2 JE R Al
K/NA [EE L A ) B 3D 57 A4 45 4 IR B 43 #r 4% 1)
[l ¥ DICOM [E1% .

1.4 Y% CNN 4 BB SR IR 3K Keras JF
FHE CNN 8, H 2 RO CNN 22 i 3 )2 40 4k
(L 1), 45 43 32 G S A o A R T R /NAS T, 43 531 R
72 mmX72 mmX72 mm.36 mm X 36 mm X 36 mm &
18 mmX 18 mm X 18 mm, i i #h b A1/ s I R B
VER T A R G — R 72X 72 X 72 1R &R, ¥ IH—
5 BG o3 G 33 2 T N 48 E AT G, A% 36 & 4
T4 2 RN R U PR, 38 3 A — Ak T8 AR B0
2R R R, BT M4 CNN Ze4 1
KA A A7 H VA — FR G HA AR 58 % 2% 1 45 R
P2l LRl B T 45 L ST 220 285 A P 2 1 4 AR
T2 2A) AT TR H 3 A2 B P L, B
B M 1IXIX1T BREM {4 3X3X3 B,
SR FH R 207 B AR Ef D6 BPUAZ 1) i AREAE R s 45 SR (&
2B), LA CNN 432850 Xf 46 ik 40 35 A7 3

L5 JGHRHEIRIEAG e R 1 4B 3 AERAR
12 W7 22 56 0 AF B B R BT SR LIS IE 4 GGN 7E CT
B 0L B8 3R 5 R 200 2 6 4F K 8 SRR %12



+ 1340 -

i E BE 2R B R 2021 4E5S 37 #2559 8] Chin J Med Imaging Technol, 2021, Vol 37,No 9

SRR (256) +
£k M e 3 bR K
1 1
AERERQ2) +
I —{kfaHeh #
x|}

it

B 1
LA A BEMGR  BA A RRSE, L Kt 4 F 1 SR R 45 4 I 4%

RGE— I 72X 72X 72 (K ZE

FALHIA
® —aesufd

(Flatten + Concatenate)

Z RE CNN Z28 3 J2= 53 ST, 23 3 VA4 38 5715 o vk

HiN R TFEibit
L 4 *

LRE3x3x3, 32 #ALth(64) x3
) 2 %
A WHEH(16) %3 itk
L 2 %

BHNE3%3%3, /2 BEE3x3x3, 2
L 2 *

NS » HALHL(32) %3

HEL(D

LYN » i
2 %

B | fthbrE b &Lt ¥ o B HRH3x3x3, f
L 4 +

BRI, 04 | W] bR L& A R 5

& 2
R P

2]

HTMERER A BEERE T MR EE,; B H4ER

Wi 256 1) 3R BRI 1 K 2 (AE BB 218 % L KO MR 36 45
A5 B S PR AG O PIL 5 TA By Al fig I % E
A g B E 2 PIL, AT AEJ2 PIL. AHf &, Al
e TA DR 8 2 1A,

1.6 Gt R SPSS 20. 0 48323 b 8 14:
W5 e TAY R0 R AE A TA” B A5 /K - #0 y BH % 4%
T OB HA KO R B 25 R . i 2 i E T AERRE
(receiver operating characteristic, ROC) M £k, b %
CNN 3R K 2 24 T30S R B2 0 4 390 45 i 2 PIL &
IA BYRLHE , AR 1S H i 28 F I 2 Carea under the curve,
AUC) HUBRRE FE R B AR KRR, L A%
Fe# CNIN 3 A58 55 5k S5 R I 032 B 50 % B % o S
E 2R, P<0.05 NEFAGIH¥E XL,

2 g5

ROC HiZE (& 3) 25 5 i /k . CNN 432 = i 1

K 2 B RIEAEA PIL 5 1A 19 AUC 4394 0. 866.,0. 742
K 0. 769, G5B E 43 5~ 84. 81%,67.09% & 74.68% ,
i S BE 4R R 88. 37 % .81, 40% & 79.07%, CNN 433
LAY f 12 W B0 B W 358 TR 1 (P<<0. 001) \2(P<<
0.001);CNN 7 KBRS W R R E HEIT 1.2 25
WIS it L (P #>0.05), L% 1,

1.0 ——

08F |

/ — CNN4} A8
; — JCE
TELS 1 2

J — BH5

0.2 0.4 0.6 0.8 1.0

|5 @

B3 CNN BRI SEE 1.2 %5 PIL 5 1A K
ROC i

0

3 itig

BT PIL M7 R 5 TA A B A A, k50 & 3
GGN - LATC A J5 A 20 % 3 38 PIL 5% TA X8 %
A A R TR B mEAMEN . ARFSE E# S CNN 4y
KA B GGN 43260 PIL 5 1A H AUC, Bk sy2k
YA S U Y 8 T 2 & U R I O L R R s
CRE AT RE AL L SO R B R Ry B R A I PR



[ BE A AR AR 2021 AR5 37 %5 9] Chin ] Med Imaging Technol,2021, Vol 37,No 9 e 1341 -

#F1 CNNZEERE 2 ZEINLENEIESH GGN N

PIL % TA 1 ROC Hl £k 45

FEAE TN i 7 v 2R T 22 b Rl b 237 2 A B4
A6 WA IR B 25 o DU S W AR s 5 ik . e b
AT DUk A PR BESF I B — 5 R BR A A
T8 22 s R SR MR o — 0 6 i A5 R A 32 AL RE T AR
PR 4 CNIN 3 S8 05 ) S50/ R ML M o Aty

A5k BURE (%) BRE(% AUCH HEFERYD
CNN A HMm 84,81 88. 37 0. 866 86. 06
PE I 1 67. 09 81. 40 0.742 72.13
TE I 2 74. 68 79.07 0.769 76. 23
11. 352" 1,710
2 {8
X 18.473% 1.243% — —
<0. 001" 0.191" — —
P{H
<C0.0017 0.265% — —

W (ONN AP RAR 5Bl 1 HE; # . CNN 4 2R B 5 BRIl 2
L

FHET S . ABFFEHIH CNN 20 28855 R 1412 W 885088 %
SRy S E G R L AL GbL g 2 ) Bk T A B
UL 81. 1% LB 4y B HEH R 81. 5%, B AL
AR B S 80. 7 %0 L AR AT FEHER R 83. 0%,
TR R Y R B R 72, 8%, MR Ay 2 E R R R
76. 7% .1 AdaBoost 5k UK EE 74. 4 % AR5
HERf 82. 1%,

B AR AF 58 3 T 43 FE R CTHO ! a6 A
2 L) i B2 30 it g g 92 v R R, HCRF R By CT AiF
G KRS A A5 B N S BUAL 3 CT AR 4 Kl
P2 B0 SO R AR . 55T CNN ) DL
SRR R B CT R b 2% > B0 R AE (14 AR 15
Bk B o trimfe, Al EE T s, AR T
CNN 2250 A A 43 2K T R 5 b SR BIF 5 AR (0L el 5
15 » 2 B CNIN 3 2458 A0 0] 1 o 101 506 4 BBURY 2 AiF 2 B {5
BT SEEAMER Y PIL 5 1A 2025, B R
e R S B MR Rtk . Be Ak ARHIF ST 25 R R
CNN 3070 () SRR 8 25 T 2 & s R 23R I
Ui, $2 7% CNN 23 BRI HER PEA GGN g TA 3%
U, B R T R B B ORI AR B TA R E . A
GEY 2 ZA T R B U4 Ry GO L A K TR
AR IR A B 1 TR S i 5 Bl B A o 4 %
FHE B I AR 38 R A TR 86 A 47 20 B 40 b 43 2
SRS WHURE R, R CNN R A Y
AT FE43 I FH Z2 4 i DICOM 48 {5 B . 348 Al 3l 2 2% 2] il
g v Y R R 285 v B 2 o R O B ARRAIE A B K R il
TC 2% NTITXS GGN 43 28 B MAR E , I 7T e I i 2 )
SR T 5T 0 SR 4 R X o A BEME GGN IR BE PR FE 5K
R UK AN AE E T2 T 2 I AN 2

A FE CNN 4325 1 32 2 B 2 B0 A B )%
s R R ) R, AR BT N R A R S8
RAEFA CT Bl (A 7E 2B xfE DLSE B, Ol A7

MZ ,CNN KB X GGN 432k PIL 5 1A

(4 280 RE DL T T80 6 B 36 B L AT 5RO il PR 4501 12 W
GGN $2 {1 i i fb i B - BL .

(1]

(2]

(3]

(4]

(6]

[7]

(8]

(9]

[ 5% 3k ]

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]. ]
Thorac Oncol, 2011,6(2):244-285.

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]. ] Thorac Dis
2017,9(10):3782-3792.

CIOMPI F, de HOOP B, van RIEL S J, et al. Automatic
classification of pulmonary peri-fissural nodules in computed
tomography using an ensemble of 2D views and a convolutional
neural network out-of-the-box [J]. Med Image Anal, 2015, 26
(1):195-202.

NIBALI A, HE Z, WOLLERSHEIM D. Pulmonary nodule
classification with deep residual networks [J]. Int ] Comput
Assist Radiol Surg, 2017,12(10):1799-1808.

SONG Q, ZHAO L, LUO X, et al. Using deep learning for
classification of lung nodules on computed tomography images[J] .
J Healthc Eng, 2017,2017:8314740.

CIOMPI F, CHUNG K, van RIEL S J, et al. Towards automatic
pulmonary nodule management in lung cancer screening with deep
learning[J]. Sci Rep, 2017,7:46479.

HUA K L, HSU C H, HIDAYATI S C, et al. Computer-aided
classification of lung nodules on computed tomography images via deep
learning technique[J]. Onco Targets Ther, 2015,8:2015-2022.
SUN W, ZHENG B, QIAN W. Automatic feature learning using
multichannel ROI based on deep structured algorithms for
computerized lung cancer diagnosis[J]. Comput Biol Med, 2017,
89:530-539.

LIU S, WANG R, ZHANG Y, et al. Precise diagnosis of
intraoperative frozen section is an effective method to guide resection
strategy for peripheral small-sized lung adenocarcinoma [J]. J Clin

Oncol, 2016,34(4):307-313.

[10] T, (R EEAR, BB . w43 BER CT A58 Wi = il 4 i it 988 1 458
sy (], o E B AR R 2k, 2019, 27(11) :824-828.
[11] MEI X, WANG R, YANG W, et al. Predicting malignancy of

pulmonary ground-glass nodules and their invasiveness by



« 1342 -

o BE 2 AR R 2021 4F

% 37 %55 9]  Chin J Med Imaging Technol, 2021, Vol 37,No 9

random forest[J]. J Thorac Dis, 2018,10(1):458-463.

A AR, 2019, 28(1) :54-59.

(12] BRI, =gl B, A5 Ml B 30 0 20510 A7 By T 0K Il i s 32 [17] ALPERT ] B, RUSINEK H, KO J P, et al. Lepidic
EYER CT AEZ [J] . it 2+ 52 Bk, 2018, 33(4) :57-62. predominant pulmonary lesions (LPL): CT-based distinction

[13] MOONY, LEE K Y, PARK ] K. The prognosis of invasive from more invasive adenocarcinomas using 3D volumetric density
adenocarcinoma presenting as ground-glass opacity on chest and first-order CT texture analysis[J]. Acad Radiol, 2017, 24
computed tomography after sublobar resection[J]. J Thorac Dis (12):1604-1611.
2017,9(10):3782-3792. [18] HWANG I P, PARK C M, PARK S ], et al. Persistent pure

[14] KODAMA K, HIGASHIYAMA M, OKAMI ], et al. ground-glass nodules larger than 5 mm: Differentiation of
Oncologic outcomes of segmentectomy versus lobectomy for invasive pulmonary adenocarcinomas from preinvasive lesions or
clinical T1a NO MO non-small cell lung cancer[J]. Ann Thorac minimally invasive adenocarcinomas using texture analysis[J].
Surg, 2016,101:504-511. Invest Radiol, 2015,50(11):798-804.

[15] A, ELSCUR, W, 45 . 22 )2 TR JH0 25 A5 TR 00 000 0 25 8 3 % 4 il e [19] YUNLANG S, LEI Z, HUIYUAN Z, et al. The predictive value of
JEE T T R B [T [ R 2 1% R 2020, 36(11) :1652-1656. CT-based radiomics in differentiating indolent from invasive lung

[16] BBRHE, FHT, Ml WL, % . 3T CT fiF4 Y Logistic [n] I 455 7 i adenocarcinoma in patients with pulmonary nodules[J]. Eur Radiol,
T A0 5 34 T A0t e 0 M R M R BE W IR R B L) iz 5 2018,28(12):5121-5128.

WENE VL RNERERETLENENEREREANERERERERNERERERERERERERERERERERERERE R RENERERLERE (LR VERE R RERERVE R (LR R TS

2020 Jif v R F 5 kR 5 A1 G B

— (R

L3
Y

S EIA)

H1 R B2 BOR A BT £ 0072019 o EBHGE CH IR KA 27T 2020 4F 12 AfEdb st 47, (b
PR 2 AR B ) A TS AEC2020 R [ BB T 5 1 UE A3 15 R0 RO ) A AR SC B 8

XHtRIEE:399 5
HE&iB3Xtk:0.49;
¥l B 51 R 13031 ;
b &I EF:1. 189 ;
‘:—‘éﬂ#ﬁﬂﬁﬁ;n. 21;
BEMIEIR:1. 00;
_,Tnl:]:ﬁ\u..\ﬁ:72.9o

N SN O R W -



