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Predicting the invasiveness of lung adenocarcinoma using CT images based on artificial intelligence:a me-
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[ Abstract] Objective: To evaluate the diagnostic performance of artificial intelligence (Al) using
CT images for predicting lung adenocarcinoma invasiveness.Methods: Systematically retrieved all pub-
lished articles on Al-based CT imaging for predicting lung adenocarcinoma invasiveness from January
1,2011, to June 30, 2021, through PubMed, Embase, Cochrane Library, Web of Science, CNKI, Si-
noMed, Wanfang Database,and VIP series database.Articles were screened with inclusion and exclu-
sion criteria of diagnostic tests and characteristic information was extracted. Meta-analysis was per-
formed by using Metadisc 1.4 software and Stata 16.0 software. Sensitivity, specificity, positive/nega-
tive likelihood ratio,and diagnostic ratio were measured for the combined results with invasive adeno-
carcinoma as the positive result and non-invasive adenocarcinoma as the negative result.And the sum-
mary receiver operating characteristic (SROC) curve was plotted and the area under the curve (AUC)
was derived.The sources of heterogeneity was explored based on Meta-regression. Sensitivity analysis
was used to validate the reliability of the Meta-analysis results.Results: Twelve studies were enrolled,
including 4325 pulmonary nodules in 4066 patients,with ground glass nodules accounting for 97 %. The
indexes were combined in a random-effects model due to heterogeneity existed in those studies. The
combined sensitivity, specificity, positive likelihood ratio,negative likelihood ratio,and diagnostic ratio
were 0.86,0.82,4.55,0.19,and 28.31,respectively,with an AUC of 0.9110.Meta-regression analysis in-

dicated that different Al algorithms may be the source of heterogeneity,and sensitivity analysis shows
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high reliability of Meta-analysis results.Conclusion; Al-based CT imaging has a robust predictive power

for lung adenocarcinoma invasiveness, which can provide doctors with more precise diagnosis and

treatment information,and thus optimize the therapeutic schedule.

[Key words] Artificial intelligence; Tomography,X-ray computed; Adenocarcinoma; Lung neo-

plasms; Meta-analysis
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—_—e!! Zhang 2021 0.71 (0.56 - 0.83) . Zhang 2021 0.90 (0.83-0.95)
——e— | Cho-LR12020 0.89 (0.75-0.97) — e Cho-LR12020 0.89 (0.52-1.00)
— Cho-LR2 2020 0.89 (0.75-0.97) —————4¢ Cho-LR2 2020 1.00 (0.66 - 1.00)
—r Cho-SVM1 2020 0.79 (0.63-0.90) ~————————%—| Cho-SVM12020 0.89 (0.52-1.00)
T Cho-SVM2 2020 0.84 (0.69-0.94) ——————————e——| Cho-SVM2 2020 0.89 (0.52-1.00)
=t Cho-RF1 2020 0.82 (0.66-0.92) —————————e—— Cho-RF12020 0.89 (0.52 - 1.00)
———a@— | Cho-RF22020 0.87 (0.72-0.96) ——————+e¢— Cho-RF2 2020 0.89 (0.52-1.00)
— @ Wu-1-RV 2020 085 (0.76-0.92) — 0 Wu-1-RV 2020 0.74 (0.60-0.84)
—— Wu-1-CSRV 2020 0.86 (0.77-0.93) —® Wu-1-CSRV 2020 0.77 (0.64-0.87)
1@ | Wu-1-FSV 2020 0.91 (0.82-0.96) | —@-| Wu-1-FSV 2020 0.95 (0.85-0.99)
i1 —@ Wu-1-FSRV 2020 0.99 (0.94-1.00) ——— Wu-1-FSRV 2020 0.86 (0.74-0.94)
i+ —@| Wu-1-CSFSRV 2020 0.98 (0.92-1.00) —r— Wu-1-CSFSRV 2020 0.84 (0.72-0.93)
| 1—@| Wu-2-RV 2020 0.95 (0.89-0.98) — Wu-2-RV 2020 0.68 (0.52-0.81)
| +—@- | Wu-2-CSRV 2020 0.93 (0.87-0.97) ——+ Wu-2-CSRV 2020 0.73 (0.57 - 0.85)
—- Wu-2-FSV 2020 0.89 (0.81-0.94) | ——@-{ Wu-2-FSV 2020 0.95 (0.85-0.99)
@~ | Wu-2-FSRV 2020 0.92 (0.86-0.97) |+—e—| Wu-2-FSRV 2020 0.93 (0.81-0.99)
@~ | Wu-2-CSFSRV 2020 0.92 (0.86-0.97) —++@— | Wu-2-CSFSRV 2020 0.89 (0.75-0.96)
—_—— Xu-con 2020 0.82 (0.65-0.93) ———— | Xu-con 2020 060 (0.41-0.77)
— = Xu-rad 2020 0.82 (0.65-0.93) —— Xu-rad 2020 0.70 (0.51-0.85)
—9— | Xu-mix 2020 0.91 (0.76-0.98) —_—— Xu-mix 2020 0.63 (0.44-0.80)
—————¢— Cai2021 0.92 (0.62-1.00) ———@— | Cai 2021 0.90 (0.73-0.98)
—_——! Park 2021 0.71 (0.56-0.84) —— Park 2021 0.87 (0.73-0.95)
*&j:ﬁ Xiong-LR 2021 0.83 (0.67-0.94) + Xiong-LR 2021 0.75 (0.53-0.90)
——@— | Xiong-SVM 2021 0.89 (0.74-0.97) —_— Xiong-SVM 2021 0.63 (0.41-0.81)
—_— Xiong-NBC 2021 061 (0.43-0.77) ————e—— | Xiong-NBC 2021 0.83 (0.63-0.95)
e A o Xiong-KNN 2021 0.81 (0.64-0.92) PR T Y 7 1 Xiong-KNN 2021 0.71 (0.49-0.87)
—_— Xiong-DT 2021 0.81 (0.64-0.92) —_— Xiong-DT 2021 050 (0.29-0.71)
——@— | Xiong-RF 2021 0.86 (0.71-0.95) —_——i—i. Xiong-RF 2021 0.54 (0.33-0.74)
_—————— Pan 2018 0.65 (0.43-0.84) ———o—| Pan2018 0.90 (0.74-0.98)
— . Tao 2020 0.70 (0.46-0.88) —————| Tao 2020 0.93 (0.76-0.99)
—_— Yin-LR 2020 0.68 (0.52-0.82) i-—@— | Yin-LR 2020 092 (0.81-0.97)
— Yin-ANN 2020 0.80 (0.65-0.91) | ——@—| Yin-ANN 2020 0.93 (0.84-0.98)
b e i ] Zhang 2018 0.71 (0.51-0.87) ———=—| Zhang 2018 0.94 (0.80-0.99)

S Pooled Sensitivity = 0.86 (0.85 to 0.88) ¢ Pooled Specificity = 0.82 (0.80 to 0.84)

Chi-square = 116.08; df = 33 (p = 0.0000) Chi-square = 120.20; df = 33 (p = 0.0000)
0 0.2 04 0.6 0.8 Inconsistency (l-square) = 71.6 % 0 0.2 04 0.6 0.8 Inconsistency (l-square) = 72.5 %
Sensitivity @ Specificity @

Bl 3 a) Al R ey & F 8B FE ;b A58 7 .

M) AT BRI RE BE0EXE TAC W2 IHIERES T (2895 4 T 200 T 004 12 HLE BY 2 W A
HAHLA %% >J (machine Learning, ML) 585, AT REAC  gyleost) s gy CONIN St il Bt 9 4 25 9 F 9t 78 4F 1 &2
R THIIFAZ AR . A8 RE #9512 B 1 i 1012 W A 1 0 ik 5105 26 W A 700 4 W6 SR IR 2 1
ANBEHEBR A2 F o A A 53 BT AU 2 AR PR T 3 SKOED290 AR S A 4 U R R R T
g, wE RN R, XW AU ML 2k DL CNN B R gE B, B 7E 4 H b g3 A T “ Hfth” —
WPk RE AT AR B BRI T DL (BB E M oy A itae A, 3 S 8008 WM (BRI

(convolutional neural networks, CNN) #47 fiffi 2% 15 43 B E SCTR e 3o R L 4 0 1 B B U B 0 L L

Positive LR (95% ClI) Negative LR (95% CI
- Cui 2020 296 (2.15-4.08) —lot— Cui 2020 0.20 (0.09 - 0.45)
—o— Zhang 2021 7.03 (4.07-12.14) S Zhang 2021 0.32 (0.21-0.51)
—_—— Cho-LR1 2020 8.05 (1.26-51.27) —e— Cho-LR1 2020 0.12 (0.05-0.31)
——————e———{{ Cho-LR2 2020 1769 (1.18-264.31) —— Cho-LR2 2020 0.12 (0.05-0.29)
— e Cho-SVM1 2020 741 (1.11-45.42) —4— Cho-SVM1 2020 0.24 (0.12-0.46)
e Cho-SVM2 2020 7.58 (1.19-48.35) — Cho-SVM2 2020 0.18 (0.08-0.38)
—_——— Cho-RF1 2020 7.34 (1.15-46.88) s Cho-RF1 2020 021 (0.10-0.42)
_—— Cho-RF2 2020 7.82 (1.23-49.381) ——— Cho-RF2 2020 0.15 (0.06 - 0.35)
- Wu-1-RV 2020 323 (2.07-5.03) o Wu-1-RV 2020 0.21 (0.12-0.35)
—— Wu-1-CSRV 2020 3.77 (2.32-6.13) —o Wu-1-CSRV 2020 0.18 (0.10-0.31)
e — Wu-1-FSV 2020 17.23 (5.72-51.95) —r Wu-1-FSV 2020 0.10 (0.05-0.19)
—0— Wu-1-FSRV 2020 7.04 (3.70-13.39) — | i Wu-1-FSRV 2020 0.01 (0.00-0.10)
—0— Wu-1-CSFSRV 2020 6.19 (3.39-11.28) K—— i | Wu-1-CSFSRV 2020 0.03 (0.01-0.11)
- Wu-2-RV 2020 299 (1.94-462) — | Wu-2-RV 2020 0.07 (0.03-0.17)
—o— Wu-2-CSRV 2020 342 (2.11-5.56) =t Wu-2-CSRV 2020 0.09 (0.04-0.19)
+—e—— | Wu-2-FSV 2020 19.49 (5.02-75.60) —o-! Wu-2-FSV 2020 0.12 (0.07-0.20)
—— Wu-2-FSRV 2020 13.55 (4.54 -40.45) ——t Wu-2-FSRV 2020 0.08 (0.04-0.16)
—e— Wu-2-CSFSRV 2020 8.13 (3.56-18.59) —a—.! Wu-2-CSFSRV 2020 0.09 (0.04-0.17)
e Xu-con 2020 206 (1.29-328) iie— Xu-con 2020 029 (0.13-0.64)
—- Xu-rad 2020 275 (1.56-4.85) = Xu-rad 2020 0.25 (0.12-0.54)
o Xu-mix 2020 249 (1.54-4.03) ——— Xu-mix 2020 0.14 (0.05-0.42)
e Cai 2021 8.86 (2.99-26.22) —_— Cai 2021 0.09 (0.01-061)
L Ll Park 2021 533 (2.47-11.49) | le— Park 2021 0.33 (0.21-0.53)
—— Xiong-LR 2021 333 (1.64-6.77) —d— Xiong-LR 2021 022 (0.10-0.48)
—@— Xiong-SVM 2021 237 (1.40-4.02) m—pre— Xiong-SVM 2021 0.18 (0.07 -0.47)
— Xiong-NBC 2021 3.67 (1.44-931) § g Xiong-NBC 2021 0.47 (0.30-0.73)
—o— Xiong-KNN 2021 276 (1.45-5.26) e Xiong-KNN 2021 0.27 (0.13-0.56)
s Xiong-DT 2021 161 (1.05-2.48) it— Xiong-DT 2021 039 (0.18-0.84)
K Xiong-RF 2021 188 (1.19-2.96) —— Xiong-RF 2021 026 (0.11-0.63)
— Pan 2018 6.74 (2.21-2057) | T Pan 2018 039 (0.22-0.68)
—_— Tao 2020 9.80 (2.50-38.41) —Te— Tao 2020 0.32 (0.16-0.64)
—— Yin-LR 2020 8.06 (3.40-19.12) | T Yin-LR 2020 0.35 (0.22-0.55)
- Yin-ANN 2020 11.87 (4.55-30.95) —— Yin-ANN 2020 021 (0.11-0.39)
—r—— Zhang 2018 12.14 (3.10-47.54) —o— Zhang 2018 0.30 (0.17-0.55)

o Random Effects Model w Random Effects Model

Pooled Positive LR = 4.55 (3.61 to 5.75) Pooled Negative LR = 0.19 (0.15 to 0.23)
Cochran-Q = 116.57; df = 33 (p = 0.0000) Cochran-Q = 98.09; df = 33 (p = 0.0000)
0.01 1 100.0 Inconsistency (I-square) = 71.7 % 0.01 1 100.0 Inconsistency (I-square) = 66.4 %
Positive LR Tau-squared = 0.2849 @ Negative LR Tau-squared = 0.2369

4 AT R WA SF MR b) A M A,
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1
Diagnostic Odds Ratio

Cui 2020
Zhang 2021

Cho-LR1 2020
Cho-LR2 2020

—{ Cho-SVM1 2020

Cho-SVM2 2020
Cho-RF1 2020
Cho-RF2 2020
Wu-1-RV 2020
Wu-1-CSRV 2020

M Wu-1-FSV 2020

Wu-1-FSRV 2020
Wu-1-CSFSRV 2020
Wu-2-RV 2020
Wu-2-CSRV 2020

P Wu-2-FSV 2020

Wu-2-FSRV 2020
Wu-2-CSFSRV 2020
Xu-con 2020
Xu-rad 2020
Xu-mix 2020

Cai 2021

Park 2021
Xiong-LR 2021
Xiong-SVM 2021
Xiong-NBC 2021
Xiong-KNN 2021
Xiong-DT 2021
Xiong-RF 2021
Pan 2018

Tao 2020

Yin-LR 2020
Yin-ANN 2020
Zhang 2018

Random Effects Model

Diagnostic OR (95% Cl)

1511 (5.39-42.34)
2167 (9.30-50.51)
68.00 (6.6 - 693.83)
14567 (7.19-2,951.39)
30.00 (3.26-276.31)
4267 (4.48 - 406.56)
3543 (3.79-331.07)
5280 (5.39-517.11)
15.72 (6.83-36.21)
2087 (8.75-49.76)
17550  (44.53 - 691.70)
520.63 (6322 - 4,287.28)
22400 (46.48 - 1,079.58)
42.86 (14.27 - 128.70)
37.33 (13.54-102.91)
162.75 (34.87 - 759.66)
16571 (41.85 - 656.19)
94.58 (29.13-307.02)
7.00 (2.23-22.00)
10.89 (3.35-35.36)
17.85 (4.41-7227)
9533 (8.91-1,020.26)
16.00 (5.46 - 46.85)
15.00 (4.20 - 53.60)
1333 (3.53-50.31)
7.86 (2.22-27.85)
10.06 (3.01-3363)
414 (1.31-13.08)
733 (2.12-2531)
17.50
30.33
2326
56.72
40.00

(4.03 - 75.93)
(5.39 - 170.62)
(7.53-71.86)
(15.84 - 203.07)
(7.70 - 207.68)

Pooled Diagnostic Odds Ratio = 28.31 (19.76 to 40.54)
Cochran-Q = 79.09; df = 33 (p = 0.0000)

Inconsistency (I-square) = 58.3 %

Tau-squared = 0.6142
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SEG R SR R L H 2 SROC f#i £k 1) AUC
R 0.9110, HEBR#5 i SUBAE A 5 1 AUC WHR7E itk
H MR Rk s, R T 456 17 ML Al DL 9 AL #£ 1
U il Rt s 9V 2 T BB T v Ak RS E
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A UIBCA A e R E . QA S, AT X i i J6
B 2 WA TE — 2 1 I 12 R I2 R (4 51l
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