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[ Abstract ] Accurate staging is the fundamental basis for the treatment and prognosis of non-small cell lung cancer
(NSCLC), and whether the tumor involves the pleura or chest wall is a critical aspect in assessing the staging of peripheral lung
cancer. Imaging techniques such as computed tomography (CT), magnetic resonance imaging (MRI), ultrasound (US) and
positron emission tomography (PET) are widely used to determine pleural invasion in NSCLC. There has been an increasing
number of studies evaluating whether NSCLC invades the pleura and the extent of such invasion. This article provides a review
of the staging and the imaging diagnostic criteria of pleural invasion, aiming to offer references for peers in the precise diagnosis
of pleural or chest wall invasion.
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Tab 1 Summary of clinical studies on staging of adjacent lobe invasion of NSCLC

Author Country Group Surgery 5-year OS (%) NO N1 N2&up ALl staging
Demir et al. Turkey ALI: 60 10LPR, 10bil, 40P 36.0 23 29 8 T3
(2007)e T2:152 2W, 115L/LPR/biL, 3P 56.0 64 67 21
T3:139 3W, 61L/LPR/biL, 75P 40.0 63 49 27
Miura et al. Japan ALI: 18 10LPR, 4bil, 4P 34.2 8 6 4 T2
(1998)"1 VPI: 30 - 42.0 17 4 9
PPI: 63 - 13.6 20 18 25
Nonaka et al. Japan ALI: 50 13LPR, 12bil, 23P, 2T 63.0 27 12 1 T2
(2005)® T2:95 - 57.0
T3:34 - 31.0
Dziedzic et al. Poland ALl: 164 48bil, 53L, 54P, 9sub-L 51.0 164 - - T3
(2016) T2:7729 371bil, 6268L, 518P, 572sub-L 68.4 7729 - -
T3:396 14bil, 64L, 22P, 56sub-L 62.9 396 - -
Haam et al. Korea ALl: 46 1W, 4L, 3LPR, 11biL, 27P 53.0 46 0 0 T3
(2012)1o1 T2:590 2W, 1S, 68PLR, 44L, 75bil 68.0 590 0 0
T3:201 2W, 124L, 16bil, 59P 49.0 201 0 0
Kanzaki et al. Japan ALI: 25 - 31.1 14 4 7 T3
(2012) T2:682 - 52.0 375 170 137
T3:294 - 36.3 139 66 89
Liuetal. China ALI: 53 13P, 19bil, 14L, 7sub-L 38.6 41 12 T3
(2017)02 T2a: 106 18P, 21bil, 469L, 239sub-L 62.4 633 114
T2b: 106 38P, 14bil, 287L, 106sub-L 54.6 345 100
T3:106 54P, 31bil, 395L, 116sub-L 35.8 422 174
Ohtaki et al. Japan ALI-A:72 14P, 19biL, 36L+W, 3L+S 49.8 26 23 23 ALI-A: T2b
(2013)03! ALI-D: 18 2P, 3bil, 9L+W, 4L+S 76.6 6 1 1 ALI-D: Not upstaging
PLO: 1387 - 76.6 - - -
PL1-2: 501 - 49.8 - - -
PL3:119 - 379 - - -

NSCLC: non-small cell lung cancer; ALI: adjacent lobe invasion; VPI: visceral pleural invasion; PPI: parietal pleural invasion; LPR: lobectomy plus

partial resection; biL: bilobectomy; L: lobectomy; P: pneumonectomy; S: segmentectomy; T: thoracotomy; W: wedge resection; sub-L: sub-lobe

resection; ALI-A: ALl across the interlobar fissure; ALI-D: ALI beyond the incomplete fissure.
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Tab 2 Literature review of imaging methods for the diagnosis of NSCLC which invades pleura or chest wall

Author Patients Method Parameter Results in (%)
(All/Invasion) sens/spec
Higashino et al. (2005)! 60/7 Routine CT Contact, angle, fat plane Routine CT: 43/91
Thin-section CT Thin-section CT: 71/94
Thin-section sagittal MPR Thin-section sagittal MPR: 86/96
Thin-section coronal MPR Thin-section coronal MPR: 71/94
Sugama et al. (1988)6! 65/39 us Infiltration 77 accuracy
Murata et al. (1994)1" 9/2 CcT Tumor movement CT:100/50
EDCT ED CT: 100/100
Yokoi et al. (1991)12 27/7 Pneumothorax CT Air space 100 accuracy
Kajiwara et al. (2010)22 100/27 Cine MRI Tumor movement 100/69
Kodalli et al. (1999)123! 23/1 The inspiratio-expiration Tumor movement Middle or basal segments: 100/100
MRI Upper or superior segments: 45
accuracy
Glazer et al. (1985)24 47/15 CcT Angle, thickening, contact, fat plane 87/59
Imai et al. (2013)25] 169/101 cT A/D>0.9 CT:93/95
Ebara et al. (2015)¢ 201/61 3DCT Pleural patterns 77 accuracy
Rarea>13.4 89/75
Pennes et al. (1985)27 33/4 CcT Pleural thickening, 100/44
Abnormality of extra-pleural fat, 38/92
Asymmetry of thoracic wall soft tissue, 0/96
Mass extending into chest wall soft tissues, 12/93
Rib destruction 12/96
Uhrmeister et al. (1999)128! 41/23 HRCT Contact area, angle, fat plane, infiltration HRCT: 81/79
SDCT SD CT:96/78
Kuriyama et al. (1994)2°! 42/17 3DCT Pleural thickening or puckering 82/76
Chen et al. (2023)30 284/101 CT lodine uptake Contact length >10 mm, spiculation sign AUC:0.73
Lennartz et al. (2019)53" 84/44 Dual-energy CT
lizuka et al. (2019)32 138/64 Risk scoring system Tumor diameter in CT =24 mm, Tumor contact AUC: 0.68

length with pleura in CT =16 mm, Smoking
index =400, Clinically lymph node positive,
Tumor with cavity in CT, Serum CEA level >4.4

ng/mL
Usuda et al. (2019)13! 43 DWI ADC -
suzukietal. (1993)>% 120/19 CT/US CT: angle, contact, thickening CT:68/66
US: disruption, extension, fixation US: 100/98
CT+US: 98/67
Yuan et al. (2018)53% 327 Radiomics signature 90.6%/93.2%

Percentile 10%, WavEnLL_S_2,S_0_1_SumAverage

CT: computed tomography; US: ultrasound; Sens: sensitivity; Spec: specificity; ED CT: multisection expiratory dynamic CT; HR CT: high-resolution
algorithm CT; SD CT: soft detail algorithm CT; DWI: diffusion-weighted imaging; ADC: apparent diffusion coefficient; AUC: area under the curve; CEA:

carcinoembryonic antigen.

100%, 45522 082.8%. (HXF T EM AN F S BIINSCLC  hy45%, X Al HESE: T T L i g 16 sh /N, WP AR S
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