MD, PhD Pierre-Benoit Pagès 
email: pierrebenoit.pages@chu-dijon.fr
  
MD Anne-Sophie Mariet 
  
MD Leslie Madelaine 
  
Jonathan Cottenet 
  
Halim Abou 
  
MD, PhD Catherine Quantin 
  
MD, PhD Alain Bernard 
  
MD Halim Abou Hanna 
  
  
Impact of video-assisted thoracic surgery approach on postoperative mortality after lobectomy in octogenarians

Keywords: Charlson comorbidity index LC: Lung cancer Propensity score VATS: Video-assisted Thoracic Surgery Octogenarians, thoracoscopy, video-assisted thoracic surgery, postoperative mortality, matching

de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Lung cancer (LC) is the fourth most common type of cancer, with estimations of over 234,030 new cases in 2018. It is the leading cause of cancer death with around 154,050 cases a year, which represents 25% of all cancer deaths in the US [START_REF] Siegel | Cancer statistics 2018[END_REF]. Lung cancer is diagnosed at a median age of 70 years in the Western world, and the probability of developing LC after 70 years of age is around 6.1% for men and 4.8% for women [START_REF] Siegel | Cancer statistics 2018[END_REF][START_REF]lung cancer statistics[END_REF]. According to the statistical analysis issued by the US Department of Health and Human Services in 2015, the life expectancy of octogenarians is increasing and the total population of octogenarians will increase by 50 to 70% in Europe and US over the next 20 years [START_REF]An Aging World[END_REF]. As a result, thoracic surgeons are increasingly faced with elderly patients, particularly octogenarians, with localized LC for which surgical management is a subject of debate. At present, lobectomy remains the best treatment for localized LC [START_REF] Howington | Treatment of stage I and II non-small cell lung cancer: Diagnosis and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical practice guidelines[END_REF]. When Video-assisted Thoracic Surgery (VATS) is used, there is a significant benefits in terms of postoperative pain, respiratory complications and length of hospital stay after lobectomy [START_REF] Zhang | Is video-assisted thoracic surgery lobectomy better than thoracotomy for early-stage non-small-cell lung cancer? A systematic review and meta-analysis[END_REF][START_REF] Taioli | Long-term survival in video-assisted thoracoscopic lobectomy vs open lobectomy in lung-cancer patients: a meta-analysis[END_REF][START_REF] Chen | Video-assisted thoracoscopic surgery lobectomy versus open lobectomy in patients with clinical stage non-small cell lung cancer: a meta-analysis[END_REF][START_REF] Cai | Thoracoscopic lobectomy versus open lobectomy in stage I non-small cell lung cancer: a meta-analysis[END_REF].

Since the 1990's, many publications have highlighted the feasibility of LC surgery in octogenarians and the importance of establishing a precise preoperative evaluation of cardiopulmonary function in these patients [START_REF] Guerra | Surgical treatment of non-small-cell lung cancer in octogenarians[END_REF]. In 2011, Rivera et al. described the specificities for surgical management of octogenarians using data from Epithor (French clinical database) [START_REF] Rivera | Surgical treatment of lung cancer in the octogenarians: results of a nationwide audit[END_REF].

However, the available data regarding the results of LC surgery in octogenarians are based on small sample sizes, especially as regards the benefit of VATS on postoperative mortality [START_REF] Guerra | Surgical treatment of non-small-cell lung cancer in octogenarians[END_REF][START_REF] Suemitsu | Favorable surgical results for patients with nonsmall cell lung cancer over 80 years old: a multicenter survey[END_REF][START_REF] Brokx | Surgical treatment for octogenarians with lung cancer: results from a population-based series of 124 patients[END_REF][START_REF] Matsuoka | Risk factor for respiratory death after lung cancer surgery in octogenarians[END_REF][START_REF] Port | Lobectomy in octogenarians with non-small cell lung cancer: ramifications of increasing life expectancy and the benefits of minimally invasive surgery[END_REF][START_REF] Okami | Pulmonary resection in patients aged 80 years or over with clinical stage I non-small cell lung cancer: prognostic factors for overall survival and risk factors for postoperative complications[END_REF][START_REF] Dominguez-Ventura | Lung cancer in octogenarians: factors affecting morbidity and mortality after pulmonary resection[END_REF][START_REF] Detillon | Postoperative Outcome After Pulmonary Surgery for Non-Small Cell Lung Cancer in Elderly Patients[END_REF], making it difficult to draw conclusions about the benefit of VATS in this particular population. The aim of this study was to assess the impact of a VATS approach as compared ACCEPTED MANUSCRIPT PB. Pagès to open thoracotomy (OT) for lobectomy in octogenarians using the French national administrative database. This database collects data from all hospitals in France performing lobectomy for LC and is much more representative than data collected from specialized centers alone. A propensity score (PS) matching analysis was used to yield a more powerful and comprehensive comparison of postoperative mortality.

Materials and Methods

Data source and study population

All data for patients who underwent pulmonary resection for LC in France from January 2005

to December 2016 were collected from the national administrative database. This database, called PMSI (Programme de Médicalisation des Systèmes d'Information), was inspired by the US Medicare system. The reliability and validity of PMSI data have already been assessed [START_REF] Iezzoni | Assessing quality using administrative data[END_REF]. Routinely collected medical information includes the principal diagnosis, secondary diagnoses and procedures performed. Diagnoses identified during the hospital stay are coded according to the International Classification of Diseases, tenth revision (ICD-10) [19]. We selected patients in whom a diagnosis of primary LC was coded as the principal discharge diagnosis (all codes C34). Procedures are coded according to the CCAM (Classification Commune des Actes Médicaux). For all patients, LC was proven by pathology analyses according to the 2004 World Health Organization classification of LC [START_REF] Travis | Pathology and Genetics: Tumours of the Lung, Pleura, Thymus and Heart[END_REF]. Surgery-related variables included the surgical technique (thoracotomy or video assisted thoracic surgery).

Patients' characteristics

Baseline demographics included age and gender. We included the following comorbidities which were available from the national administrative database: pulmonary disease (chronic bronchitis, emphysema), heart disease (coronary artery disease, cardiac arrhythmia, congestive heart failure, valvular heart disease, pulmonary artery hypertension, pulmonary
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PB. Pagès et al. Impact of vats approach on octogenarians 7 embolism), peripheral vascular disease, alcoholism, liver disease, cerebrovascular events, neurological disorders (hemiplegia or paraplegia), dementia, diabetes mellitus without complications, diabetes mellitus with complications, kidney disease, coagulopathy, leukemia, lymphoma, ulcer disease, history of malignant disease, obesity, and other therapies (preoperative chemotherapy, steroids). We also calculated a modified Charlson Comorbidity Index (CCI) as a marker of comorbidity [START_REF] Charlson | Validation of a combined comorbidity index[END_REF].

Outcome measurements

Postoperative mortality was defined as any patient who died in hospital (including transferred patients) within the first 30 days after the operation and those who died later during the same hospitalization.

Variables used for PS analysis

Variables used to estimate the PS were age, sex, comorbidities (pulmonary disease, heart disease, peripheral vascular disease, neurological diseases, liver disease, kidney disease, coagulopathy, hematologic disease, infectious disease, and metabolic disease), other treatment, modified CCI score, type of medical center, hospital volume and year of surgery.

Statistical analysis

To determine the independent factors of in-hospital death, we first performed univariate analysis with the chi-squared test for binary and categorical variables and a t-test for continuous variables. The PS is the conditional probability of assignment to a particular treatment given a vector of observed covariates [START_REF] Rosenbaum | The central role of the propensity score in observational studies for causal effects[END_REF]. PS matching was used to balance the distributions of measured potentially confounding covariates for patients treated by VATS or OT. A mirrored histogram was used to measure the discriminatory ability of the PS matching.
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Matching used a search algorithm to find a set of weights for each covariate so that optimal balance is achieved after matching [START_REF] Harder | Propensity score techniques and the assessment of measured covariate balance to test causal associations in psychological research[END_REF]. We used 1:1 matching without replacement in descending order with a caliper of 0.01. We evaluated PS matching by its ability to balance the measured covariates between VATS and OT by reducing the standardized difference [START_REF] Austin | The relative ability of different propensity score methods to balance measured covariates between treated and untreated subjects in observational studies[END_REF], which is the difference between sample means in the VATS and OT groups divided by the standard deviation in the treatment group overall [START_REF] Harder | Propensity score techniques and the assessment of measured covariate balance to test causal associations in psychological research[END_REF]. For postoperative mortality, a logistic regression model was used to generate OR (odds ratios), p-values and confidence intervals. STATA 14 statistical software (StataCorp, College Station, Tex) and R statistical software, for which we used Harrell's Design library (http://www.r-project.org), were used for the analyses.

Results

Study cohort

Of the 75,892 patients who underwent lobectomy from January 2005 to December 2016, 3,560 were octogenarians. Lobectomy was performed by VATS in 597 patients (16.77%) and OT in 2,963 patients (83.23%). There was a continuous increase in the number of patients over 80 years who were operated for LC over the study period, going from 160 patients in 2005 to 456 patients in 2016 (Figure 1). Moreover, there was a progressive increase in the proportion of VATS lobectomies, from 3.13% in 2005 to 37.28% in 2016 (Figure 2).

Unmatched patient demographics and hospital characteristics are presented in Table 1. In the OT group, there was a significantly greater proportion of men and of younger patients. They also tended to have a past-history of pulmonary, heart and vascular disease, with a CCI score ≥ 3 and other treatment, but a lower likelihood of liver disease (Table 1). VATS was performed in all health center types, but significantly more often in centers which saw more than 21 lobectomies a year (Table 1).
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The characteristics of the matched groups are outlined in Table 2. In the matched samples, 578 patients were balanced in each group, and none of the patient characteristics are significantly different for the two groups (Table 2).

PS estimation

The mirrored histogram shows the well-balanced distribution of the covariates after PS matching (Figure 3). The median distribution of standardized biases was 0.022 for the matching approach (Table 2). The standardized difference never reached the value of 10% (Table 2), which shows that the covariates of two groups were well balanced by matching [START_REF] Mantel | Statistical aspects of the analysis of data from retrospective studies[END_REF].

Postoperative Mortality

Unmatched crude postoperative mortality was 3.85% (n=23) for VATS vs 7.9% (n=234) for OT (p<0.0001). After matching, postoperative mortality was 3.46% (n=20) for VATS vs 6.57% (n=238) for OT. Over the time period, matched-adjusted postoperative mortality significantly decreased (p=0.04) (Figure 4). Matched postoperative mortality was significantly lower in the VATS sample with an OR of 0.51 (95%CI [0.27-0.96]); p=0.038).

Discussion

In 2015, LC was the second leading cause of death after heart disease in the American population of octogenarians and the leading cause of death by cancer, with around 40,000 attributed deaths in 2015 [START_REF] Siegel | Cancer statistics 2018[END_REF]. However, it has been noted that age had a stronger impact than comorbidities on the probability of being offered surgical treatment. Indeed, elderly patients without significant comorbidities were less likely to be recommended surgery as compared with younger patients with significant comorbidities [START_REF] Wang | Impact of age and comorbidity on non-small cell lung cancer treatment in older veterans[END_REF].
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In 2015, an 80-year-old French man was expected to live for an additional 8.6 years and a French woman for 10.8 more years. As a result, radical management for localized LC should be considered a treatment option [START_REF]An Aging World[END_REF].

Since the end of the 1990's, surgeons have revolutionized the surgical management of the elderly. In parallel, research has highlighted the predictable changes in pulmonary physiology occurring with surgery and anesthesia and developed existing knowledge of the factors associated with postsurgical complications. Lobectomy reduces lung capacity, increases diaphragm dysfunction, and impairs gas exchange, cough and mucociliary clearance, leading to the development of postoperative complications particularly in patients with chronic obstructive pulmonary disorder and the elderly [START_REF] Guerra | Surgical treatment of non-small-cell lung cancer in octogenarians[END_REF].

In the last decade, significant advances in anesthesia and surgery techniques have led to an increase in the number of elderly patients who are offered surgery, which can be seen in our study. Indeed, the appeal of VATS for lobectomy has been widely acknowledged by thoracic surgeons. In 2016, our data reveals that VATS was used on close to 40% of octogenarians undergoing lobectomy. The sweeping use of VATS for lobectomy in France slightly exceeds the proportion of VATS lobectomy reported by Abdesattar et al. from the US National Cancer database (30.5%), but is lower than the 63% reported in the Society of Thoracic Surgeons database [START_REF] Abdelsattar | Variation in Hospital Adoption Rates of Video-Assisted Thoracoscopic Lobectomy for Lung Cancer and the Effect on Outcomes[END_REF][START_REF] Kozower | The Society of Thoracic Surgeons Composite Score for Rating Program Performance for Lobectomy for Lung Cancer[END_REF]. This upwards trend could be explained by the reports of decreased postoperative complications and the benefits for patients with a past history of pulmonary disease, like those seen in our study [START_REF] Zhang | Video-Assisted versus Open Lobectomy in Patients with Compromised Lung Function: A Literature Review and Meta-Analysis[END_REF].

Postoperative mortality

The impact of VATS lobectomy on postoperative mortality is not yet well established. There Sample database]) and used PS matching analyses [START_REF] Falcoz | Video-assisted thoracoscopic surgery versus open lobectomy for primary non-small-cell lung cancer: a propensity-matched analysis of outcome from the European Society of Thoracic Surgeon database[END_REF][START_REF] Paul | Long term survival with thoracoscopic versus open lobectomy: propensity matched comparative analysis using SEER-Medicare database[END_REF][START_REF] Desai | Decreased In-Hospital Mortality after Lobectomy Using Video-assisted Thoracoscopic Surgery Compared with Open Thoracotomy[END_REF]. However, several other studies (meta-analysis or from The French National Epithor database), did not report a difference between VATS and OT techniques in a general population with localized LC [START_REF] Zhang | Is video-assisted thoracic surgery lobectomy better than thoracotomy for early-stage non-small-cell lung cancer? A systematic review and meta-analysis[END_REF][START_REF] Taioli | Long-term survival in video-assisted thoracoscopic lobectomy vs open lobectomy in lung-cancer patients: a meta-analysis[END_REF][START_REF] Chen | Video-assisted thoracoscopic surgery lobectomy versus open lobectomy in patients with clinical stage non-small cell lung cancer: a meta-analysis[END_REF][START_REF] Cai | Thoracoscopic lobectomy versus open lobectomy in stage I non-small cell lung cancer: a meta-analysis[END_REF][START_REF] Pagès | Propensity Score Analysis Comparing Videothoracoscopic Lobectomy With Thoracotomy: A French Nationwide Study[END_REF]. A recent paper from the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) reported less postoperative mortality after VATS in patients less than 75 years old, but not for patients between 75 and 80 years old [START_REF] Bravo Iñiguez | Thirty-Day Mortality After Lobectomy in Elderly Patients Eligible for Lung Cancer Screening[END_REF]. Moreover, recent results from large RCT comparing VATS to OT for lobectomy found no difference in postoperative mortality [START_REF] Long | Thoracoscopic Surgery Versus Thoracotomy for Lung Cancer: Short-Term Outcomes of a Randomized Trial[END_REF]. The mean age in these studies ranges from 58 to 75 years old. The patients in our population were all over 80 years old, with a crude postoperative mortality of 3.85% after VATS and 7.9% after OT. Few articles have been published regarding postoperative mortality after lobectomy in octogenarians. Studies which have included a series of more than 100 patients report post-lobectomy mortality rates ranging from 2% to 6% [START_REF] Okami | Pulmonary resection in patients aged 80 years or over with clinical stage I non-small cell lung cancer: prognostic factors for overall survival and risk factors for postoperative complications[END_REF][START_REF] Dominguez-Ventura | Lung cancer in octogenarians: factors affecting morbidity and mortality after pulmonary resection[END_REF][START_REF] Detillon | Postoperative Outcome After Pulmonary Surgery for Non-Small Cell Lung Cancer in Elderly Patients[END_REF]. The higher rate of postoperative mortality in our study could be due to several factors. Firstly, around 40% of patients had a CCI score ≥3 even after matching, including at least a past-history of pulmonary with cardiac disease and a metabolic dysfunction, which has been correlated to a relative risk of death after 80 years old of 12.76 by Charlson et al. [START_REF] Charlson | Validation of a combined comorbidity index[END_REF]. A recent paper from Eguchi et al. dealing with the cause of death after lobectomy for stage I LC, showed that 30-and 90-day mortality were caused by cardiopulmonary complications, and that low predictive postoperative diffusing capacity of the lung for carbon monoxide was an independent predictor of 1-year mortality and noncancer-specific mortality [START_REF] Eguchi | Impact of Increasing Age on Cause-Specific Mortality and Morbidity in Patients With Stage I Non-Small-Cell Lung Cancer: A Competing Risks Analysis[END_REF]. Therefore, they also highlighted that noncancer-specific mortality was higher than cancer-specific mortality in patients over 75 years old until 2.5 years after surgery [START_REF] Eguchi | Impact of Increasing Age on Cause-Specific Mortality and Morbidity in Patients With Stage I Non-Small-Cell Lung Cancer: A Competing Risks Analysis[END_REF].
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So, the mechanism which permit to obtain a lower postoperative mortality with VATS approach seems to be linked to better postoperative pulmonary function, especially in octogenarians. Detillon et al. recently highlighted percentage of predicted forced expiratory volume in 1 second to be an independent factor of postoperative mortality in individuals over 80 years [START_REF] Detillon | Postoperative Outcome After Pulmonary Surgery for Non-Small Cell Lung Cancer in Elderly Patients[END_REF]. The postoperative recovery of forced expiratory volume in 1 second has been shown to be faster in patients who undergo minimally invasive anatomic lung resection as compared to OT [START_REF] Kocher | Perioperative Lung Function Monitoring for Anatomic Lung Resections[END_REF]. The benefit of the VATS approach seems to disappear after 3 months, and, at that point, loss of pulmonary function is equivalent for VATS and OT [START_REF] Salati | Videoassisted thoracic surgery lobectomy does not offer any functional recovery advantage in comparison to the open approach 3 months after the operation: a case matched analysis †[END_REF].

Secondly, our study was conducted using the French administrative database, which includes all centers performing LC surgery in France whatever the type and the volume of activity. This could explain the higher postoperative mortality compared to other publications whose data was restricted to teaching hospitals or a group of centers with a significant volume of thoracic surgery [START_REF] Suemitsu | Favorable surgical results for patients with nonsmall cell lung cancer over 80 years old: a multicenter survey[END_REF][START_REF] Brokx | Surgical treatment for octogenarians with lung cancer: results from a population-based series of 124 patients[END_REF][START_REF] Matsuoka | Risk factor for respiratory death after lung cancer surgery in octogenarians[END_REF][START_REF] Port | Lobectomy in octogenarians with non-small cell lung cancer: ramifications of increasing life expectancy and the benefits of minimally invasive surgery[END_REF][START_REF] Okami | Pulmonary resection in patients aged 80 years or over with clinical stage I non-small cell lung cancer: prognostic factors for overall survival and risk factors for postoperative complications[END_REF][START_REF] Dominguez-Ventura | Lung cancer in octogenarians: factors affecting morbidity and mortality after pulmonary resection[END_REF].

PS matching was used to balance covariates, and consequently the two groups were comparable in terms of preoperative comorbidities and hospitals characteristics. We were therefore able to assess the impact of the chosen technique on postoperative mortality.

Potential explanations for the lower postoperative mortality in the VATS group could be attributed to lower postoperative pain and to a de facto lower incidence of respiratory complications, as previously described [START_REF] Zhang | Is video-assisted thoracic surgery lobectomy better than thoracotomy for early-stage non-small-cell lung cancer? A systematic review and meta-analysis[END_REF][START_REF] Taioli | Long-term survival in video-assisted thoracoscopic lobectomy vs open lobectomy in lung-cancer patients: a meta-analysis[END_REF][START_REF] Chen | Video-assisted thoracoscopic surgery lobectomy versus open lobectomy in patients with clinical stage non-small cell lung cancer: a meta-analysis[END_REF][START_REF] Cai | Thoracoscopic lobectomy versus open lobectomy in stage I non-small cell lung cancer: a meta-analysis[END_REF]. However, octogenarians are a singular population, in which the weight of preoperative comorbidities, especially past histories of cardiac and pulmonary disease, is a major source of postoperative complications and postoperative mortality.

Only one set of recommendations for the management of elderly patients with LC has been published in the last years. However, these guidelines focus on surgery in the elderly, who are generally between 70 and 80 years, and are based on small retrospective studies. No
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13 randomized control trials have been conducted on an elderly population whatever the treatment, and, as previously reported, the elderly are frequently underrepresented in clinical trials evaluating new cancer treatments or surgical techniques [START_REF] Hutchins | Underrepresentation of patients 65 years of age or older in cancer-treatment trials[END_REF].

Strengths and limitations

We recognize that there are limitations to our study. Given our reliance on ICD-10 codes for the selection of patients and the ascertainment of outcomes, there was a potential for misclassification or underdetection-related biases, especially for comorbidities. Coding practices vary significantly among institutions. Nevertheless, coding quality is checked by medical information professionals in each hospital to correct diagnoses and increase the number of recorded comorbidities. No details were available for certain center characteristics (number of beds in surgery departments and intensive care units, number of days spent in intensive care, number of nurses and medical practitioners), the organization of the surgery Analyses using propensity score methods attempt to emulate randomized comparisons because they allow contrasts between patient groups that are on average similar on all observed confounders; however, unlike the randomized assignment of treatments, the propensity score typically does not balance covariates that were not observed. Matching reduces the sample size since matches may not be found for some patients. Though we used a PS to create comparable cohorts, we cannot be certain that the PS perfectly neutralized all of the confounding variables. Moreover, it is advisable to underline that PS cannot replace a randomized control trial. In randomized control trials, random allocation of patients to either an experimental or a control arm guarantees that treatment allocation is unrelated to measured and unmeasured patient characteristics. It enables researchers to draw unbiased conclusions about a treatment, provided that the number of randomized patients is large enough to minimize random variation. However, in this study the large number of patients in both groups allowed for powerful comparisons. Our analyses were based on data from the French administrative database which describes clinical practices over several years, and includes both teaching and non-teaching hospitals.

Conclusion

Despite these limits, our study highlights the growing interest of surgical management of LC in octogenarians. Use of the VATS technique led to a significant decrease in postoperative mortality after lobectomy for LC in octogenarians.
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Table 2

 2 Patients' baseline characteristics in matched data with standardized difference. A standardized

	difference greater than 0.1 (10%) signified a meaningful imbalance in a given variable
	between treatment groups.				
		VATS	OT	P-Value	Standardized
		(n=578)	(n=578)		difference
	Demographics				
	Gender Male	366 (63.32%)	375 (64.88%)	0.713	-0.022
	Female	212 (36.68%)	203 (35.12%)		
	Age (Years)	82.25	82.26	0.924	-0.06
	Past History				
	Pulmonary disease	166 (28.72%)	161 (27.85%)	0.794	-0.015
	Heart disease	136 (23.53%)	147 (25.43%)	0.495	0.039
	Peripheral vascular disease	45 (7.79%)	48 (8.30%)	0.746	0.017
	Liver disease	3 (0.52%)	3 (0.52%)	1	0
	Neurological disease	25 (4.33%)	20 (3.46%)	0.448	-0.039
	Kidney disease	28 (4.84%)	26 (4.50%)	0.781	-0.016
	Anemia	64 (11.07%)	56 (9.69%)	0.441	-0.045
	Hematological disease	18 (3.11%)	12 (2.08%)	0.267	-0.055
	Infectious disease	6 (1.04%)	2 (0.35%)	0.256	-0.051
	Metabolic disease	222 (38.41%)	237 (41%)	0.435	0.046
	Other treatment	56 (9.69%)	53 (9.17%)	0.689	-0.021
	Modified CCI score 0				
	1	70 (12.11%)	72 (12.46%)	1	0
	2	55 (9.52%)	49 (8.48%)	0.538	-0.034
	≥ 3	216 (37.37%)	233 (40.31%)	0.305	0.06
	Hospital characteristics				
	Type Non-teaching	55 (9.5%)	56 (9.6%)		
	Private	302 (52.25%)	299 (51.8%)	0.860	-0.01
	Teaching	221 (38.25%)	223 (38.6%)	0.904	0.04
	Volume (procedures/year)	142.22 ± 5.96 134.55 ± 7.21	0.412	-0.047
	Overall propensity score				
	Mean				0.027
	Median				0.022
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