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L8 TRV AR X P 0 30 4~ R il o o (=2 28 A
HY T A1

BT KAEA XHRE RBd KRR FHE ARE HERF

=

[(FHE] BH  FITE PR CTHRCT) F LS4 B AAE X S B 545745 (GON ) 760 il B 15 28 A BE (O U AR (6, 3%
[ 7 AT 3R B 2018 4F 1 H —2019 4F 12 A 2 A S5 BIIE 20 i IR 988 11 649 AUB B B 257 | IR IE AR 5 i BRI 0K Ho Ay oy
A2 28 T R AR AL [ 5L R (ATS ) /03 T 1 AR R (MITA ) ] (292 191) 5512 28 1 988 4 [ 3 W Mk B (TAC) (357 ) . 43#IF GGN
B HRCT fE 4 LA K GGN P9 3508 11 JE 6l ) 1 45 R A . SR 20T Logistic [E 23T & 57 BN B | 938 0 52 383 TR 4RAE
(ROC)HHZR N Z K56 LR AR B TR, R WAL M B A B8 U HRCT IR R a3 X RAE R R 5
MAE B RAE 25 AR MRS M B A 4599 AR /N bR SE PR 4 o LU (CTR ) | I A8 43 B RRAE (P<0.001 ), LA I A8 43 4 45
TR A A T 27 T AR B 5 AR A LA 40 TR AR ST A9 TS AR L, AUC {0 0853(P<0.001,95%CI:0.83~0.88)
Lt 0.814(P<0.001,95%CI.0.78~0.85) , B A 72.3% Lk 74.8% , 45 FIE N 82.2% L 76.4% , &5 T Fr 7 B A AUC 18, Z ¥
5 ROC MZ TN HIAZ 250 0.039(P<0.05), 4518 M4 /3 BUAFEBE G Al HRCT FRAE #2355 TR 45 B T4 = GGN
T il B e 1= 22 R JEE T T A%

[SESEIR ) il kgl ; M B B I 65 IR B R | X RS i 38 43 78
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Value of vascular characteristics in predicting invasiveness of lung adenocarcinoma manifesting as ground glass nodule CHEN
Yuming, ZHANG Dongmiao, MO Qiuru, ZHA O Qidi, NONG Fengyan, LI Caiyun, YU Tongfu, CHEN Aiping. School of Medical Imaging,
Nanjing Medical University, Jiangsu 211166, China
Corresponding author: CHEN Aiping, Email: chenaiping—123@163.com

[Abstract] Objective To investigate the value of blood vessel typing on high—resolution CT (HRCT) in predicting the inva-
sion degree of ground glass nodule (GGN) lung adenocarcinoma. Methods A retrospective analysis was performed on 649 ground glass
nodules pathologically confirmed as lung adenocarcinoma in our hospital between January 2018 and December 2019. According to
postoperative pathological types, the patients were categorized into non—invasive adenocarcinoma group [ (adenocarcinoma in situ (AIS)
/minimally invasive adenocarcinoma (MIA) ](n=292) and invasive adenocarcinoma group [invasive adenocarcinoma (IAC) ](n=357).
HRCT signs of GGN and vascular features within and surrounding GGN were analyzed. Binary logistic regression analysis was used
to establish the prediction model, and the diagnostic performance of each model was compared using receiver operating characteris-
tic (ROC) curve and Z test. Results The HRCT findings that showed statistical significance between the two groups included
air bronchogram, lobular sign, burr sign, vacuole sign, pleural sag sign, diameter size, consolidation—to—tumor ratio (CTR), and
vascular classification characteristics (P<0.001). When comparing the combined prediction model composed of all other indepen-
dent CT predictors with vascular classification to the model without vascular classification, the AUC value of the former was 0.853 (P<
0.001, 95%CI: 0.83-0.88) compared to 0.814 (P<0.001, 95%CI: 0.78—-0.85) for the latter; with respective sensitivities of 72.3% and
74.8%, as well as specificities of 82.2% and 76.4%. These results indicate an improvement in specificity and AUC value by incor
porating vascular classification into the model analysis (P<0.05). Conclusion The combination of vascular classification features with
other HRCT features enables the establishment of a comprehensive prediction model, which can be valuable in predicting the degree of
invasion efficiency in GGN lung adenocarcinoma.

[Key words] Lung tumor; Pulmonary ground glass nodule; Tomography, X—ray computed; Vascular classification
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1 60%!%, IS B S5 (ground glass nodule, GGN)
o R AL Ty, 4 R o3 B S M i o e B A
BEIELENY . M 2021 4F WHO B # i 73 2€ | fili
e s BRI B 53 DAy . J A T S 74 RDAS S e
H4 4 (atypical adenomatous hyperplasia, AAH) | Ji i/
MR ¥ (adenocarcinoma in situ, AIS) | f 3= H 14 AR 98
(minimally invasive adenocarcinoma, MIA ) Fl172 {15 14
B9 (invasive adenocarcinoma, IAC )4

A (] BT 28 iR 9 1) A0 B 5 Bl PR3 A
IRKZEHNT ) AR BT A GON 7E CT LA
BREZM, &2 P% CT (high-resolution CT,
HRCT) 145 RS2 AR 22 R AR 43 AR B IR g R
MTREAE | S8 F8UE | 038 5 3 U R AE 55 | X
T GON REME AR BB —E R . GON
BEARMRLE NI FAT R MAEEST, SN
Fr s i | B FUEATRENS/E HRCT bt AT
TH ML o2 25 BTt T R RO R B 1Y
—DNFEEAER . AHEFE H =50 HTE B R A T Y
Je PR R JR) I 3 B AR B LA S AR R R X T
GGN B Jili i i {5 28 A% B 1 00U AL,

1 #REFE

1.1 W EIsER

[l Jogi 4 43 A7 3K BE 2018 4F 1 H—2019 4F 12 A
2 FARRHIESL 1Y) GGN Rl B9 R 3, WA bR
W . 1) )2 M3 HRCT 2 BN GON;2) K% 5¢
O E Ay R AR ME R RS R
FE;3)ARHT 1 4~ A 47T HRCT K 5 4) 455 fe REEAr
T 5 mm~3 em; 5) AR AZ AT B BT RIGIT
AW I A 649 ¥ GGN, L 481 151], 5 168 il ;
L 21~80 % SFAEI 53 %, AR IR R o 4
292 il (AIS .75 i, MIA . 217 ] ) , 3= 3 4 H g 2
(IAC)357 i, ASHIEZE by B BF 5 | 3 3 B Be
18 B2 B 2 SO 1E (2023 -SRFA -337) , B
HHRIERE,
1.2 CT Ktk

K H XU CT (Siemens Somatom Definiton CT)
EATARE T TET A, 5 IR MO | 10 3 BBl DA i 92
ZRUNE LK, A S5 WIS 192%0.6
mm, B HLE Sn 100 kV, 4 HL I 80~250 mAs, HL 2
JZEH 1.0 mm, 2N 0.5 mm, 73 HF% 512x512
SERE WA Y0 64%0.6 mm, Pitch {H 1.2,
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1.3 EgRIHr

Wi % TAEG S 73 3 R 5 AR F0 15 AR 10 i 3 52
A2 W7 12 U 2 9 B35 SR T B2 T ] 5 A R v )2
CT i MABR e ER, IF245E CT Z M5 ah P
H AR [ ZF i H 4] (multi —planar reconstruction,
MPR) , iz K% FE %5 (maximum intensity projection ,
MIP) , = 4E 25 P -3 (volume rendering , VR) % ] iF
FrvvAs A —BUn B — 4 BA 35 4E IR
12 W 25 0 1Y R A B0 B BRI A e g3 AT Y
HRCT AR AL 4545 55 67 & oy Ak B RIAE %
FRAE 25 WAk 25 R0 SE Ik e R o b 52
AU TR AR R T B E | AR /N I A 2
FRAIE,

GGN I 73 RURFHE 70 A P (P 1~5)1%), T2,
TCNFR AT ILAE, 4B I S ANA W EAT 0L 5 1T
B B — 3TN EAT AR AR IE W B
R AL, 230 (=2 SO FAfT A B AR, B
TR BRIV AL 23T A S50 0 |, 113
GIEAZRNY/ES .

JiiRg SEPE A3 i HE (consolidation—to—tumor ratio
CTR)#§ GGN SEEIN I Fe K45 GON e KR HY
P, 45 B AR BN I 7E — 4 5 20 RI% -
FEAT oA FOAE, SR 0 A AR 9 Dl CT (B R
T -188 HUM™ MR CTR K455 70 3 41,0, 65k
P53 31,0.00< CTR<0.50;2,0.50<CTR<1.00,

EAI ER VA= W e~y [ e ol oy [ N A S
b3 Al 4 AR5,

1.4 GEit2orik

% JHl IBM SPSS Statistics Version 19 MedCalc
Version 20.123 S it 8T 58t 08, IE8 04
PR ZEBCHE ) AR TS R A ¢ R, AR IES
A P L5 FH Mann—Whitney U 35, If4f H -~ 7
K958 Fisher B UIHE A ARG 16070 S0

e H 2 A8 i Logistic [ IH 3+ 56 ¢ L (odds
ratio, OR) #:37. % 5] GGN ARz 2B M 5172 78
PE R R 20 A TN A A SR ] A2 4 AR AR AR
(receiver operating characteristic , ROC ) 5 il £& T 11

H (area under curve , AUC ) HLEAS [A) 78 12 #4) HE 114 T3
{ﬁ'ﬂ*ﬁﬂﬁ@ﬁﬁ{ﬁ‘ﬂ&iﬁ%o FH Hosmer—Lemeshow £ 46 1T
MBS IERE , P>0.05 TG RAF .

e ROC BHEZEAT Z 4598 70 Bt HU A4S e fR A6 A

LA HBIRIZIALRE , P<0.05 IO K2 5632 Wi
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B2 %,42% AIS, a) b S5 XRXN 1A (M0 MA, N EETINE (), B3 %&,38% ,MIA, a) b)&5i 1 58X

FXNE B BFETIME GEE AR (F ), B4 &,41 % 1AC, ) b)S T SME LRI M, AL X FT I £ A%
(B, BT THHL(H ), B S £, 72 2 1AC, a) b1 SIMAE CRXMIVEL 23T FAT I, AEHOH R PRV & (5F) (LR E)

BhrA ST HE L, P<0.05 NERAG T2,
2 #ZHR

2.1 G PRBERHY L3

R 2B MM A 292 B, RZBMEMR I 4L 357
5], T 20 8 8 1) AR I R BB e 4 R o |
1R VE BRI A I AEIS 50 B (42,59) 5 1R B MERR I
B 55 % (48,63) L&, AR M IE &4 A
(P=0.011), 278 PE R 4 09 e K =4 B 1%
(22.64+19.29) . F K FARZ 2 IR A Y ik —
A EAR(15.45+12.05) , BA GLit5 22 57 (1=-5.55,

P<0.001) , AR ZBPERE AL B 5 HE 21.6% , Lotk
Hi L 78.4% (R 7R ME BRI AL T M i L 29.4% otk
I 70.6% , 22 5 BA Gt 2 L (x*=5.14,P=0.023)
(£ 1),
2.2 CT F#ER LL#R

PR CT MEG 1 HLi L35 2, 12281 I 4l
GGN W43 mHAE B RIAE e JBE U B Ai | 25 I AE | i
Jog ST A b IS A R TR RN IV B T
EAR 2B HENRIEE (P<0.05) , 457193 H (P=0.850) i1
ZHRHIE (P=0.115)¥ 2R 82 = 22 57,
2.3 CT fiES B0 ST 150 35 RE 73 B
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HF B ZHE Logistic [B1H 5 #1 #5371 5%
1R 2R S5 L3 3 SR R AUE A
Fa RN AE | CTR | ILAE 43 Y AR i 359 SR ik 37 b 2 7k
A
2.4 CT BMEARE KA BRI 12 Wiak 5 43 BT

FRAE 1) 7 R () R 5080 s [l 7 # X A 4
TheF R S R AR AR b T A 0 e
TERG W AE R 0.735 (P<0.001,95%CI:0.69~0.77) ,
CTR MMM} 0.717 (P<0.001,95%C1:0.68~0.76)
AAHERTRINE A 0.663(P<0.001,95%CI:0.62~0.71),
Ji6 S TV G AiF T 4B R 0.652 (P<0.001,95%C1:0.61~
0.69) , 323 RAANEFMIE R 0.620(P<0.001,95%CI;

R 1 ARRZRIE N 4115 (R 28k MR 2k PR SR} HL A
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0.58~0.66) , & HIfiE B FIAE A 0.555 (P<0.001,95%
C1:0.51~0.60) , B G T2¢ %R,

Hosmer—Lemeshow A& B K56 7R, RIIA
1145 43 754 A5 AAF 0000 A5 70 RN i A L4 43 Y R A
AR AL 22 S ¥ T ge it 27 5 L (P=0.819.0.376) , K
Jin A I A8 43 Y AR A T AR Y ) AUC =0.814 ( P<
0.001,95%C1.0.78~0.85) , f5U 3 FNRF 57 3 40 1) by
74.8% 1 76.4% . I MLAE 43 54 A4 AIF T 3000 A5 75 1
AUC=0.853 (P<0.001,95%CI.0.83~0.88) , Sl J& &
FVRE S BE 4351 °h 72.3%F1 82.2% , 7 K 5 2 B A 41
ROC M £ T 1 2 22 5 0.039, P=0.006 <0.05
(K6),

3 it

GGN J2 — Tl I 1 2 JE 1) b Jed | i

i RN RN
o (ne202)  (ueasry T PR E GON B W AU R A
3 % 63(21.6) 105(78.4) 2017 4F Fleischner {523 A1 3E [ E 37
B (%) i’q 229(29.4) 252(70.6) 514 0.023 052 A g g iR 4 . .
25 & JR A P 4% (National Comprehensive
R 50(42,59) 55(48,63) 166 0.008 Cancer Network , NCCN) #B 5 ¥ T GGN
5 il K HAR /mm A45+12. .64£19. . .
SRR EARS 15.45+12.05  22.64+19.29 4.04 <0.001 Ui A A
%2 AR EVERRIE A5 1R 28 M B A R R LR (1) g B [|) B A L AN TR 28 1 i e i) T
PRERIEI BRI opp AARR2EN, AIS/MIA B R4S
s (n=292)  (n=33) AE T A AE LT AT 3K 1009 , 7 5% )
HRERRME (%) 261(89.4)  233(65.3)  51.39  <0.001  4.44 " ; o s o
HAE n (%) 136(46.6)  282(79.0) 73.63  <0.001  4.36 i B/ DR | B4R R T ’ B CT
EHIGE n(%) 7(2.4)  48(13.4) 2528 <0.001  6.28 W U5 M JC T T ARG 100 TAC (19 5 4F
e B T B AIE 0 (% ) 46(15.8)  163(45.7) 65.79  <0.001  4.62 TR AL N 74.6% , 38 % w5 47 i k-4
Z5WAE n (%) 43(14.7)  78(21.8) 5.37 0.02 1.61 6 3 AR 5 B ) W 7 HE G LR RS 5 R 1Y
CT‘; s 1610468, ATREST) R I RRSHEHIBE GON Ui
1 29(9.9)  169(47.3)  130.13 <0.001 3.3 E%EE@%}E%@%H{%%&EEHE%
2 1003)  22(6.1) =9
I 43 TR
I % 20(6.9)  3(0.8)
I 103(35.4)  18(5.0) 148.11  <0.001  7.11 00t
I %4 163(56.0)  262(73.2) [
J\ A 5(1.7) 74(20.9) 80 i
s CTR BT SEHE LA o5 B ot
, , " i 60
£33 HBRIEMZ AR Logistic 7 ITHIR % [

EAZ%  OR{A 959% T {51X [i] Pl . w
— L 40 |
W -0.33 <0.001 [ )
R FAUE 0.10 1.11 0.023~0.180 0.012 20 F I
4 B — B A A 15 A 43
53 HHIE 0.12 1.13 0.048~0.0192 0.001 i e
BHIE 0.06 1.06 -0.062~0.175 0.353 0 . | 1 | .
i FE 11 o i 0.10 1.10 0.024~0.173 0.009 40 80
CTR 0.22 1.25 0.153~0.286 <0.001 1-ERE (6]
1L 53 RURFAE 0.23 1.26 0.179~0.283 <0.001 B BN A MAS 4 B FT S B9 ROC 4k
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[ B A1 [ PN 48 B 4T GON 0 288 B AY 32 24K
I L 5 5 I A AR KN R EE B B B 40 491
Sl BRI, B2 25 HRCT F#AE 53 21917
FERERL . AR R 1AC LTI =4EHAN
Spe RAZ I i g S B 43 o b 3 ORT AIS/MIA
4, $E7” GON Bl E =21 A2 B /Y 38 v, 28l R 3014
Jea B T il g 3 e A AR i 76 [ A
JINI ) R B BEL Y ELAR AR K I 5 Ml 76 15 o B i geg
20 i J A SRS 2 5 R AEXT GON B K
AR SE — 32 BN GON TEAE R 2575 1K
At N = 7= R 1 e =¥ 1/ ) AT R NG A
PEAE G | ARMEMR SE AL GE RS A FRAEBEA T IS8T, Bl
GGN TR Jili I8 (R 28 FE B (38 Jin , 457725 5 R Bl
AR Z I H ILEYE CT HE4:, AWFFEES R WR 1AC
4 GGN W4 MAE  BARIAE Mo i M B AE | 25 S AiF f
FET AIS/MIA 4 (P<0.05) , X 45 A B 19 A= K
Jr 3, B E AR RN A S /N TR | Bl
il A= | s 18] 450 ) 3% 3] A 1) JS BEL ol AN — 3%, 7T
FEI R oy A, g 1) ] R (e S R T LA 2 B
LRIl JIEE T o A A B e o B 4 £ A0
Hom ErERREE R R TRZY GON PR B s i AE
TR 4 R R B R X 5 R AR SCHR AT 5 3R W
GGN &5 TR/ . RS H | th B S54RI 454
K RTE—EREE L AT LA S BT GGN 2 il B 94
(42 28— s 220 TAC 21 A9 S Ay e B
Thr, B4 JCI MRS B GON WA LA TAC,
CT bW RG575 EAR K/ 430 | 6 FIAE g g 111
A B L B2 @ T AIS/MIA 4, X B W 28 &
HRCT fiE 52 53471 X i 958 42 28 1 Tl ) s 22k, 5K
PR 7 I 509%M9IR 2% GON, 4K 25z
TR, AR 1 B A BB ESE5 112 W ALS 1)
SR LA A SR B A B L i A 4 A

GGN T CT AN 55 1E & 2 17 19 il 1 45
U CT /&5 43 Hk 2320 2 Fh R 5 Ak B8 73 T LASR 4f
S3HT GGN 8 PN RIS JR A I A AR AIE , BE ARG 45710
148 O 2R 1 SCRHR S 1315 0. 2032 Y| B8 3 3 2595 55 1
I REFE S SE PSS 1Y (sub—solid nodule , SSN)
R R i 4= 28 P — A B8 bR, LA [l il 4
7Y 5 ol A [ AT RE 5 B4 4 300 RN B 4 7R A
X, Gao ZFMEIEIHE/HT 108 B GGN 1 CT R,
BEEA M 56 R4 N IUR S5 R BN 1AC 5 TR
NV RIS R 2% UTAE G Zhang ZESIX 83 5l ST A

BRI 5N AU 2023 455 32 55 4 )

SSN B EAT R FIMLAE (1 ~IVE) 432 R IAC T
S i 4 IR AN IV B 5 92.19% , PRk, AR BF 9T 7
REAEAESE GGN Ja8 PN FIJE8 i Il 4 G 28 R AIE g A A
Bt AT A SR AR B T s A 45 R TAC
2H 4 K BRI ARV 28 ATS/MIA @A LA 1T
RUFN I A0 = | 3 55 B A SCRik 0 0F 5% 205 R S Ak —
Fs o920 RN R ERZE A GON il i oA
5 CT M TR BFE Z RIAAFEARCHE | AR R 28 MR
FERES NI AE 21T HAR, R R BT
AR At [B] S5 5 177 48515 P9 AL/ R | 254
7R R U, IR RS SE WA 43 S, IR R B AR
K 5REMN S, HLHI T ae2 R TR R 2B
S FC PN ZEAT R I AE [ I T 1) SR SO IR 43 A HLE
AR, T RURTT 2800 45 A IE R AT I L AE I
ANBE SN R AR 2B FR B L Guo SF 2B SR 45 2R
UE S g P BRI %85 8 3838 5 AN R B2 Y GON
RUPT BRI () CT ML T S R AE 22 [ A7 7R A DG L K
Z B GGN 7 CT FME L A7 AF M 4% 55 I 5 5510 |
51% )% GON FEAE ML Ll 47 5K 552 2% 1 1
AN LA B T Bl s A 2R I i 2
M3 2 S 83U BTS20 ME A5 M
H WA IR R I A A A — e R L e e
S ) A R R BRLRAS  N T  vy , FLE  =F
B RE M 2%,

WA — BB RF 5 (8 131519 3058 3 i 5 CT fiF 5
S GGN Tl B (R 28 M O B Y {H el 2
O ARMEGE— T K, AW 5% 4 543 B 007 43 7Y
FRAF TN GON (R 782 BE M (8, AL 1l 4= 28 1k
g 20 FE SR I R 25 R SR AT N 4y S &
SO, ALt sk A AR A 3 T R AR 2R M A
A IR AT IS 21T AAR B /b 4]
HAWBHSGIT2 5 (P<0.001) , 278 L4 4 7Y
FEAE ] LLVE R4S GON 75 ili i 982 1= 22 1 ) A —
AN ST TN AE A HG 0 i A AR A S ) AR v
B RARE R (82.2% 1 76.4%) A 1. N
IS G RYREAE B0 5 At 7 326 79 SRR E A 25 5 T
DAY LT 3% R v A H A AR A S 37 A T
MRS (AUC 1H.0.853 H 0.814), EA G
S, PR IS A3 FRUREAE R A Sy DR Ak i I A5
AU R B Z G A, 382 in A LA 43 B RAF 1 455 7
ofk, &8 T GGN HYJili i 9 1= 22 R 5 19 T0000 41y
B, fE— R LR T IR Wi &L,
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