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MAITRES DE CONFERENCES DES UNIVERSITES -Médecine Générale

Maîtres de conférence de . This tool provides an accurate description of the anatomic extent of the disease and the potential presence of distant metastatic lesions using the TNM (Tumor, Node, Metastasis) classification, according to the 8th lung cancer TNM classification (Annexe 2). In locally advanced diseases, the chest MDCT report aims to determine the primary tumor characteristics and the potential nodal involvement.

Furthermore, it focuses on the possible invasion to neighboring structures such as mediastinum, diaphragm, heart, great vessels, trachea, spine or esophagus, depending on location. The objective is to determine whether or not a complete surgical resection could be achieved.

Previously published reports [11, 12, 13] regarding the performance of imaging before lung resection were not specifically focused on locally advanced NSCLC which is a recurring issue in multidisciplinary discussions. Furthermore, these studies were mostly performed using single detector CT or evaluated the PET/CT contribution to preoperative staging before it was routinely used. In addition, they were conducted before the survival rate improved thanks to the use of the multimodality plan set up and the development of new surgical techniques such as sleeve lobectomy or extended resection involving cardiovascular repair [START_REF] Lee | Sleeve Lobectomy for Non-Small Cell Lung Cancers: Predictive CT Features for Resectability and Outcome Analysis[END_REF].

Therefore, the herein study aimed at determining the current performance of preoperative multi detector CT interpretation for determining resectability of locally advanced NSCLC.

For that purpose, a panel of radiologists independently reviews preoperative chest CT of 20 cases and scored T staging, N staging and estimated the resectability. This study described inter-observer agreement and congruence of their analyses with the final pathological staging as assessed on surgical specimens.

Material and methods:

1 -Study design

The Montpellier Academic Hospital institutional review board approved this retrospective single center study (IRB N°: 2019_IRB-MTP_07-11).

From September 2015 to June 2016, all consecutive patients who underwent lung surgery as an upfront treatment or after neoadjuvant therapy for locally advanced NSCLC were included. Patient survival was recorded during the 12 postoperative months.

Main eligibility criteria was a locally advanced NSCLC such as defined on the preoperative chest CT as tumors in contact with hilar structures (i.e., lobar bronchi, lobar or main pulmonary arteries, main pulmonary veins).

For all patients, therapeutic decisions were made during a weekly multidisciplinary tumor board encompassing surgeons, oncologists and radiologists according to the current recommendations [START_REF] Frank | Diagnosis and Management of Lung Cancer[END_REF]. Therapeutic propositions were based on the patients' performance status and comorbidity. CT resectability was determined using contrast multi detector CT (MDCT) and additional imaging examinations (PET/CT, chest MRI).

All N2 suspicion has been verified histologically or cytologically using endobronchial ultrasound (EBUS) or mediastinoscopy. Those patients with histologically proven N2 underwent neoadjuvant chemotherapy whereas surgery was considered as the upfront treatment for other patients with locally advanced NSCLC. Adjuvant chemotherapy was proposed postoperatively to patients with IIa to IIIa stage grouping and a complete resection according to the current guidelines. [7, 8].

-Imaging techniques and analysis

All chest CTs were performed after a contrast media injection within the 3O days before surgery, at our institution (n = 18) or at external hospitals (n = 2) by using various 64 row CT scanners.

After anonymizing the 20 chest CT, a set of 1,25 mm thick or below contiguous axial transverse images with low and high frequency reconstruction algorithms were distributed to the readers and further displayed and analyzed on PACS workstations.

The 19 readers from 11 French institutions, were selected on a voluntary basis, they were all members of the French thoracic imaging group (Société d'Imagerie Thoracique). They all evaluated individual features of a patient's tumor by using the same template (Annexe 1) online, using www.webquest.com , or in paper format. All reviewers independently scored the T and N status according to the 8th edition of the TNM classification (Annexe 2).

The readers scored the likelihood of local resectability for the tumor-bronchi relationship, the tumor-artery relationship, tumor-vein relationship, and overall assessment of the resectability in a binary manner.

We decided to establish a "Resectability" criteria, combining pre-operative features [START_REF] Beigelman-Aubry | CT imaging in pre-therapeutic assessment of lung cancer[END_REF] indicating that the tumor was fully resectable, as described in literature [9]. This was established if the tumor was rated from T1a to T4 (only if height was > 7cm and no other cause of T4 rating), and if there was no invasion of the pulmonary artery trunk, proximal bronchus, carina, trachea, pulmonary vein or atrium. Otherwise, the case report was considered as conversly marginally resectable, definition including a t umor not eligible for a parenchymatous sparing surgery, i.e. a pneumonectomy or extended surgery to the great vessels.

-Statistical analysis

Reader's analyses were compared with the final operative and pathological findings. The primary outcome was the radiologists' interpretations of the tumor resectability.

Sensitivity, specificity, positive and negative predicted values, as well as positive and negative likelihood ratios, were carried out along with their respective 95% Confidence

Interval. This was done for every reader on every tumor bronchi, tumor-vascular and central structures (Annexe 1), and the median, first and third quartiles of every parameter were calculated for each item and each reader.

A radar chart was done to display mean accuracy rates of the readers for each item.

Due to the number of the readers, inter-reader agreement was analyzed via the Gwet coefficient and its 95% Confidence Interval, which allowed us to estimate the overall agreement between the 19 readers.

Weighted G coefficients (G) were categorized as follows: poor (0<G≤0,20), fair (0,20<G≤0,40), moderate (0,40<G≤0,60), good (0,60<G≤0,80) and excellent (0,80<G≤ 1,00).

The proportion of under or over-estimation of T and N values were described by their numbers and frequencies.

Statistical analyses were performed using SAS 9.1 software (SAS Institute, Cary, North Carolina).

Results:

-Study population

Patient's and disease characteristics are shown in Table 1. The study population consisted of twenty patients, thirteen men and seven women (mean age ± SD ; 64,2 +/-9,7 years). 4

of 20 subjects (20%) received neoadjuvant chemotherapy, and 8 (40%) have had received post-operative chemo radiotherapy .

The surgical procedure included 4 lobectomies (20 %) alone, 14 (70 %) lobectomy with (arterial and/or bronchial) sleeve resection and 2 (10 %) major resection (pneumonectomy). In addition, extended resection and reconstruction to the atrium or the great vessels were performed on 2 (10%) patients. No superior sulcus NSCLC was included.

In all cases, the tumor was considered resectable intraoperatively. Complete resection (R0)

was achieved in all but one (Patient N°4, positive margin on the pulmonary artery trunk at pathology analysis).

Median follow-up after surgery was 38,5 months. During the follow up, 6 deaths (30%)

were recorded within the twelve months after surgery.

After histological analysis, there was 9 adenocarcinomas, 10 squamous cell carcinomas and 1 pleiomorph carcinoma.

-Inter-observer agreement for assessment of local resectability

The different values of the Gwet coefficient (G), corresponding to inter-observer agreement among the 19 readers, are reported in Table 2, for each item of the questionnaire and with respective confidence interval.

Inter-observer agreement was excellent (0,80<G≤ 1,00) to predict the involvement of the trachea, carina, atrium, pulmonary artery and vein. Weighted G coefficients were good for the proximal bronchus evaluation (0,66). For the assessment of resectability index, readers showed good agreement (Weighted G = 0,62 ; 95% confidence interval: 0,44 -0,79). This agreement for resectability criteria was exactly the same (0,62) for the four patients who underwent neoadjuvant chemotherapy.

The features with the poorest agreement between readers were lobar artery and lobar bronchus extent with G values of 0,24 and 0,40 respectively, indicating fair agreement.

-Concordance with the surgical findings

Table 3 shows the values of sensitivity, specificity, positive predictive value, negative predictive value, and positive and negative likelihood ratios for resectability criteria. The accuracy rate of surgery and pathological findings for each patient, each reader, and item are reported in Table 4 and radar chart in Figure 1, corresponding to the good agreement rate to histological findings.

This accuracy rate was low for the T and N, with respectively 16,7 % and 14,5 %. For the other items, the rates were higher, between 59,9 % for the lobar artery and 96,7 % for the trachea. This rate was 73,9 % for resectability criteria. On the one hand, for N status, we also found a global tendency to overestimate lymph node staging, with regard to N0, N1 single station involvement and N2 single station involvement. On the other hand, there was a significant underestimation for the N1 multiple station involvement (85% of under-estimated), most of the readers having classified N1 single station involvement for the 2 patients concerned.

Discussion:

The aim of this study was to evaluate the contrast enhanced chest MDCT contribution to predict the anatomical extent of locally advanced NSCLC and the inter-observer agreement and concordance with final pathological staging. In order to illustrate the current daily practices, we chose to analyze preoperative chest MDCT from a consecutive group of locally advanced NSCLC, by a large panel of thoracic radiologists, all of them regularly participating in multidisciplinary tumor board. We later gave the inter-observer agreement as well as the mean performances to assess the resectability .

Our results demonstrated a good agreement between readers in assessing resectability using current recommendations for interpreting local invasion of NSCLC [START_REF] Beigelman-Aubry | CT imaging in pre-therapeutic assessment of lung cancer[END_REF] . The radiologists performances were also good when compared with final surgical and pathological findings with a sensitivity = 0,88 (0,72-0,88) and positive predictive value = 0,88, which corresponded to a good probability that the tumor was resectable, according to our criteria. Non-resectability may have been suspected if adjacent mediastinal vessels demonstrated a degree of parietal stiffness, or when contact with the vessel was > 90°or > 3 cm. Despite the small size (1 patient), the good agreement rate at involvement of the atrium was 93,9 % and this rate for pulmonary veins (3 patients) was 83,4 %, both tumor features that radically changed the surgical management.

However, inter-observer agreement for proximal lobar involvement evaluation was fair For T status, our results show that the accuracy rate is low (16,7 %) with a global overestimate for T1 to T3 status, and a good estimate for T4 status. To understand this result, we need to firstly explain that the number of possible values for this item is higher than for the other items, which decreases the possibilities of having a good agreement with pathology data. Secondly, these results can be explained by the fact that locally advanced tumors often have a partially endobronchial development, and are responsible for obstructive atelectasis, which is a confounding factor between actual size of the tumor and local ventilatory disturbance.

Another element that may explain an overestimation, it is the formalin fixation of the tumor after surgical resection and before anatomopathological analysis. In 2007, a study For the N status, accuracy rate is calculated at 14,5 %, which is also low, despite the dispersion of the possible values. These results are close to those found in the literature [20, 21] , with a probable increase of false-positive CT findings related to lymph node enlargement due to benign processes [START_REF] Shim | Non-small cell lung cancer: prospective comparison of integrated FDG PET/CT and CT alone for preoperative staging[END_REF] , namely obstructive pneumonia in case of proximal and endobronchial tumor.

The usual measurement criteria to analyze malignant or benign character of mediastinal node is the measurement of the minor axis (> 10 mm), but it appears that this criteria is insufficient. A 2014 study [START_REF] Kudo | New CT criteria for nodal staging in non-small cell lung cancer[END_REF] proposed new criteria for nodal staging, using surface area, circumference, short axis / long axis ratio, and lesion attenuation values. These criteria may not be effective in clinical routine because they are time-consuming.

The risk of overestimation of ganglion staging is to contraindicate a patient to surgery or to incorrectly indicate the use of neoadjuvant therapy.

Our study had several limitations. Firstly, we did not analyzed the performance of all imaging data performed before surgery meaning chest MDCT prior to adjuvant therapy and PET/CT. Since PET/CT has been already tested in randomizing studies [START_REF] Shim | Non-small cell lung cancer: prospective comparison of integrated FDG PET/CT and CT alone for preoperative staging[END_REF], the added value lies in the node involvement and M status. This test is also systematically completed by EBUS or mediastinoscopy when N2 is suspected. Nonetheless, the performance of PET/CT in anatomic resolution is not as good as MDCT with multiplanar reconstruction and we think is not the cornerstone of resectability assessment [START_REF] Shim | Non-small cell lung cancer: prospective comparison of integrated FDG PET/CT and CT alone for preoperative staging[END_REF].

Secondly, the retrospective nature of the analysis, as well as a moderate number of patients included are also considered as main limitations.

Conclusion:

Multimodality treatments including surgery tend to cure patients in locally advanced NSCLC but surgery plan most often faces unexpected findings leading to technical adjustments or incomplete resection. In these conditions pretherapeutic evaluation using chest MDCT is mandatory.

In relation to this issue, our study demonstrates the good inter-observer agreement for global resectability assessment as well as vascular extended evaluation in locally advanced NSCLC using chest MDCT but doesn't predict the need of sleeve or major resection versus lobectomy as well. Moreover, chest MDCT is not sufficient if used alone for T and N staging. 

  Median [Q1-Q3] sensitivity to predict resectability among the 19 readers was 0,88 [0,72 -0,88]. The positive predictive value was 0.88 [0,85 -0,89].

Figure 2

 2 Figure 2 and 3 shows respectively the proportion of under or over-estimation of T and N

  meaning a fair ability to predict lung sparing surgery in locally advanced tumors. This could be explained by the lack of firmly established CT criteria for invasion. A recent publication, by Lee JH et coll [16], compared sleeve lobectomy with or without residual disease and pneumonectomy. They showed that a tumor-involved length of 5 mm or less for the salvage bronchus representing the distal anastomosis end was the sole significant predictor for resectability in sleeve lobectomy versus pneumonectomy. Another way to improve performance of imaging for these structures might be the use of thoracic MRI with 2D real-time CINE sequence, which would allow differentiate movements of the tumor and adjacent structure [17].

[ 18 ]

 18 showed a downstaging of T2 to T1 between surgical data and anatomopathological measurements. Recently, Park HS et coll [19] demonstrated a tumor shrinkage of 46.8% caused by overnight formalin fixation in NSCLC. The risk of this overestimation is over-classifying the tumor and to change management, especially surgical or adjuvant treatments.
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 23 Figure 2: Estimation for each item of T status
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Table 1 :

 1 Patient clinical, demographic, surgical and pathological characteristics

	Case Age/Sex Histology	NCT	CCRT	Surgery	Initial TNM	pTNM	Stage	R	1 Year Survival
	1	65/F	ADK	0	1	Lobectomy + sleeve		pT3N1M0	IIIA	0
	2	77/F	ADK	1	0	Lobectomy + sleeve	T2N1M0	ypTisN0M0	IA	0
	3	69/M	SQ	0	0	Lobectomy + sleeve		pT1aN0M0	IA	0
						Lobectomy +				
	4	45/F	ADK	1	0	sleeve + vein	T4 N2 M1b	ypT4N1M1b	IV	1 *
						resection				
						Lobectomy +				
	5	64/M	SQ	0	1	sleeve + vein		pT4N2M0	IIIB	0
						resection				
	6	58/F	ADK	0	1	Lobectomy		pT3N0M1c	IIB	0
	7	71/M	SQ	0	0	Pneumonectomy		pT4N1M0	IIIA	0
	8	59/F	ADK	0	1	Lobectomy + sleeve		pT2bN1M1b	IV	0
	9	69/M	SQ	0	1	Lobectomy + sleeve		pT1bN1M0	IIA	0
	10	56/M	PL	0	0	Pneumonectomy		pT4N1M0	IIIA	0
	11	47/M	SQ	0	0	Lobectomy + sleeve		pT2bN0M0	IIA	0
	12	63/F	SQ	1	0	Lobectomy	T2N2M1b	ypT2aN0M1b	IV	0
	13	83/M	ADK	0	0	Lobectomy + sleeve		pT2aN2M0	IIIA	0
	14	72/M	SQ	0	1	Lobectomy + sleeve		pT1cbN1M0	IIA	0
	15	71/M	SQ	0	0	Lobectomy + sleeve		pT3N0M0	IIB	0
	16	62/F	ADK	0	1	Lobectomy		pT3N1M0	IIIA	0
	17	68/M	SQ	1	0	Lobectomy + sleeve	T3N2M1a	ypT1aN0M1a	IV	0
	18	74/M	SQ	0	1	Lobectomy + sleeve		pT3N2M0	IIIA	0
	19	52/M	ADK	0	0	Lobectomy		pT3N0M0	IIB	0
	20	60/M	ADK	0	0	Lobectomy + sleeve		pT3N1M0	IIIB	0
	ADK : Adenocarcinoma							
	SQ : Squamous cell carcinoma						
	PL : Pleimorph carcinoma						
	NCT : Neoadjuvant chemotherapy					
	CCRT : Concurrent chemoradiotherapy					
	TNM : Tumor, Nodes, Metastases					
	* : R1 on pulmonary artery trunk					

Table 2 :

 2 Gwet coefficient for each item and limit confidence

			Lower	Upper
		Gwet		
			Confidence	Confidence
			Limit	Limit
	Segmental Artery	0,79	0,63	0,95
	Lobar Artery	0,24	0,08	0,39
	Pulmonary Artery	0,86	0,69	1,00
	Trunk			
	Segmental Bronchus	0,84	0,71	0,98
	Lobar Bronchus	0,40	0,17	0,63
	Proximal Bronchus	0,66	0,49	0,82
	Carina	0,92	0,83	1,00
	Trachea	0,96	0,90	1,00
	Pulmonary Vein	0,79	0,63	0,96
	Atrium	0,99	0,97	1,00
	Resectability	0,62	0,44	0,79

Table 3 :

 3 Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+) and negative likelihood ratio (LR-) for resectability criteria. Median value is given, with first and third quartile (Q1 and Q3).

	Item		Sensitivity Specificity PPV NPV LR+ LR-
		Median value	0,88	0,67	0,88 0,33 1,80 0,35
	Resectability	Q1	0,72	0,33	0,85 0,33 1,24 0,18
		Q3	0,88	1,00	0,89 0,88 2,81 0,35

Table 4 :

 4 Accuracy rates for each item, each reader and each patient.

		Rate (%)
	T	16,7
	N	14,5
	Segmental Artery	72,8
	Lobar Artery	59,9
	Pulmonary Artery Trunk	89,9
	Segmental Bronchus	85,3
	Lobar Bronchus	72,4
	Proximal Bronchus	77,9
	Carina	94,6
	Trachea	96,7
	Pulmonary Vein	83,4
	Atrium	93,9
	Resectability	73,9
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OBJECTIFS: La cartographie médiastinale et pulmonaire précise est primordiale lors de la prise en charge des patients atteints d'un cancer bronchique non à petites cellules (CBNPC), en particulier si une chirurgie curative est envisageable. Le but de cette étude était de déterminer l'apport de la tomodensitométrie (TDM) thoracique préopératoire pour prédire la résécabilité pulmonaire, ainsi que la performance du staging T et N dans le cadre de CBNPC de localisation centrale.

MATÉRIEL ET MÉTHODES: 20 patients consécutifs opérés d'un CBNPC central ont été inclus. 19 radiologues experts en imagerie thoracique ont évalués l'extension tumorale à l'arbre bronchique et au système vasculaire à partir du TDM thoracique préopératoire. Un critère de résécabilité a été déterminé en fonction de l'envahissement par la tumeur du tronc de l'artère pulmonaire, de la bronche proximale, de la trachée, de la carène, de la veine pulmonaire ou d'une atteinte atriale. Le taux de bonne conformité à l'anatomopathologie définitive a été calculé pour chaque lecteur et chaque patient. La corrélation inter-observateur a été calculée avec le coefficient de Gwet (G) ainsi que la sensibilité, la spécificité et la valeur prédictive du critère de résécabilité.

RÉSULTATS: 2 (10%) des patients ont bénéficié d'une pneumonectomie, 4 (20 %) d'une lobectomie seule et 14 (70%) ont eu une résection-anastomose (bronchique et/ou artérielle) en plus d'une lobectomie. Les analyses montrent un faible taux de conformité pour les statuts T et N (respectivement 16,7% et 14,5%), avec une surestimation globale du staging. Ce taux était supérieur à 60% pour les autres structures analysées. L'accord inter-observateur était faible pour l'atteinte de l'artère lobaire et de la bronche lobaire, avec des valeurs de G de 0,24 et 0,40 respectivement, il était bon pour le critère de résécabilité (0,62) et excellent (> 0,80) pour toutes les autres structures médiastinales. La valeur médiane de la sensibilité pour la prédiction de résécabilité chez les 19 lecteurs était de 0,88. Celle de la valeur prédictive positive était de 0,88. CONCLUSIONS: Notre étude démontre une bonne concordance inter-observateur de l'analyse en TDM pour l'évaluation de la résécabilité globale ainsi que pour l'évaluation vasculaire des CBNPC centraux, mais cette analyse est insuffisante pour prédire le type de chirurgie. De plus, le scanner thoracique seul ne suffit pas pour le staging T et N.
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