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Utilisation de bases de données de santé pour l'évaluation de l'effectivité des médicaments utilisés pour le cancer du poumon non à petites cellules en Italie.

Résumé

Le traitement du cancer du poumon avancé et métastatique a connu une transformation rapide au cours de la dernière décennie, en particulier pour l'histotype le plus fréquent, le cancer du poumon non à petites cellules (CPNPC). Après la chimiothérapie à doublet de platine, le traitement a rapidement évolué pour inclure les thérapies ciblées et l'immunothérapie. Les autorisations de mise sur le marché des thérapies anticancéreuses sont généralement basées sur les résultats d'essais contrôlés randomisés portant sur un faible nombre de patients, avec une courte durée d'exposition et des critères de sélection stricts. Il est essentiel de surveiller le profil d'utilisation des médicaments antinéoplasiques en vie réelle afin de produire des connaissances à partir de populations plus larges et non sélectionnées, d'identifier les différences d'utilisation entre des populations spécifiques (i.e. hommes et les femmes) et de compléter les informations provenant des essais cliniques randomisés, tant en termes d'efficacité que de sécurité.

Cette thèse avait pour but d'étudier le schéma de traitement des médicaments anticancéreux et la survie des patients atteints de CPNPC non résécable en vie réelle. Trois études ont été réalisées pendant cette thèse. Étude 1) Fournir une vue d'ensemble des études sur des données de santé collectées en routine et étudier le profil l'utilisation des immunothérapies et des thérapies ciblées chez les patients atteints de cancer du poumon. Une revue systématique a été menée et elle a mis en évidence un manque d'études menées en Europe (seulement 3/32), et évaluant les immunothérapies en première ligne (2/32). En plus, aucune étude n'a évalué le cancer du poumon à petites cellules. Ce travail servira comme point de départ pour la réalisation d'études en vie réelle tant pour la conception des études que pour l'analyse comparative des résultats.

Introduction

En 2020, 2,2 millions de nouveaux cas de cancer du poumon ont été diagnostiqués dans le monde. L'incidence du cancer du poumon est deux fois plus élevée chez les hommes (environ 1,4 million de cas) que chez les femmes (environ 800 000 cas) et la plupart des personnes diagnostiquées avec un cancer du poumon avaient 65 ans ou plus. Le cancer du poumon est l'une des causes principales de décès liés au cancer dans les pays développés : la survie à 5 ans est inférieure à 18 %.

Le cancer du poumon peut être séparé en deux catégories histologiques : le cancer du poumon non à petites cellules (CPNPC), et le cancer du poumon à petites cellules (CPPC). La différence entre ces deux types de cancers est liée aux différentes caractéristiques morphologiques des cellules.

Historiquement, les deux types de tumeurs étaient considérés comme des entités uniques ; aujourd'hui, grâce à l'avancée de nos connaissances sur leur biologie, nous savons que les deux classes comprennent des entités très hétérogènes. Le CPNPC représente 85 à 90 % des cancers du poumon et se compose de deux principaux sous-types histologiques : 1) le carcinome squameux et 2) le carcinome non-squameux. L'évaluation du stade de la tumeur est cruciale pour le choix du traitement. Aux premiers stades (I, II et IIIa), la chirurgie est le traitement de choix du CPNPC. Au stade avancé/métastatique de la maladie (IIIb et IV), la chirurgie n'est plus une option et le traitement pharmacologique joue un rôle fondamental dans la prise en charge de ces patients.

Le traitement pharmacologique du cancer du poumon avancé et métastatique a connu une transformation rapide au cours de la dernière décennie, en particulier pour le CPNPC. Après la chimiothérapie à doublet de platine, le traitement a rapidement évolué pour inclure les thérapies ciblées et les immunothérapies.

Les thérapies ciblées sont des traitements pharmacologiques ciblant des protéines spécifiques (ex. récepteurs des tyrosines kinases), des gènes ou l'environnement tumoral. Les principales catégories de thérapies ciblées approuvées sont les anti-EGFR, anti-ALK, anti-BRAF et les anti-VEGF. L'immunothérapie comprend des médicaments qui ciblent la protéine de mort programmée 1 (PD-1), une protéine de membrane cellulaire des cellules tumorales qui ralentit la réponse immunitaire et permettre ainsi à la tumeur de progresser. L'objectif de l'immunothérapie est d'améliorer/rétablir la capacité du système immunitaire à détecter et à détruire les cellules cancéreuses bloquant cette protéine (anti PD-1) ou son ligand (anti PD-L1).

Les autorisations de mise sur le marché des médicaments antinéoplasiques sont généralement fondées sur les résultats d'essais contrôlés randomisés portant sur un faible nombre de patients, une courte durée d'exposition et des critères de sélection stricts.

Par conséquent il est essentiel de comprendre le profil d'utilisation de ces médicaments en vie réelle afin de produire des connaissances à partir de populations non sélectionnées, et compléter les informations dérivées des essais cliniques randomisés, tant en termes d'efficacité quant en termes de sécurité.

Hypothèses et objectifs de la thèse

Nous avons répondu aux questions de recherche suivantes :

-Quelles sont les évidences disponibles dans la littérature concernant les études observationnelles basées sur des données électroniques de santé collectées de façon routinière (routinely collected electronic healthcare data -rcEHD) sur le cancer du poumon ? -Est-il possible de mener une étude sur l'utilisation des médicaments chez les patients atteints de cancer du poumon non à petites cellules en utilisant les données italiennes disponibles ? -Comment la pharmacothérapie du CPNPC a-t-elle évolué au cours de la dernière décennie ? -La survie de ces patients est-elle améliorée dans un contexte de vie réel ?

Les objectifs de cette thèse étaient : 1) valider les données médico-administratives d'une base de données Italienne, 2) décrire l'évolution de l'utilisation des médicaments du CPNPC au cours de la dernière décennie, et 3) évaluer l'impact de l'introduction de ces médicaments sur la survie des patients atteints de CPNPC.

Études réalisées pendant la période de l'étude

Trois études différentes ont été réalisées pendant la période de la thèse.

Étude 1) Revue de la littérature

Les rcEHDs ont un potentiel énorme pour enrichir les informations sur les thérapies cibles et les immunothérapies utilisées pour traiter le cancer du poumon. L'objectif de ce travail était de fournir une vue d'ensemble des études basées sur les rcEHDs qui concernaient l'évaluation du profil d'utilisation des thérapies ciblées et des immunothérapies chez les patients atteints de cancer du poumon.

Les études éligibles publiées entre 2016 et 2020 dans PubMed et ISI Web of Science ont été recherchées. La source des données et les caractéristiques des études, ainsi que les données sur l'utilisation des médicaments et la survie ont été extraites.

Trente-deux études ont été incluses. Treize études ont lié plusieurs sources de données, notamment les données administratives, les registres du cancer, et les dossiers médicaux. Vingt-six études ont utilisé des données nord-américaines, tandis que trois ont utilisé uniquement des données européennes. Dans 29 études les informations relatives au cancer provenaient des dossiers médicaux/registres de cancer ; ainsi, dans 31 études les informations sur l'utilisation des médicaments ou la survie des patients provenaient ou des dossiers médicaux ou des bases de données administratives. La plupart des études concernaient des patients atteints de CPNCP (29 sur 32). Seules deux études décrivaient l'utilisation en première ligne des immunothérapies.

Cette revue de la littérature a fourni une vue d'ensemble structurée des études publiées basées sur le rcEHD qui ont examiné l'utilisation en vie réelle des thérapies ciblées et des immunothérapies chez les patients atteints de cancer du poumon. Les caractéristiques des études incluses dans cette revue ont montré que le data linkage de différentes sources de rcEHD est souvent nécessaire, voir indispensable.

Les informations relatives au cancer (ex. histologie, stade) ont été principalement extraites des dossiers médicaux ou des registres du cancer, tandis que les informations sur l'utilisation des médicaments ou le statut vital ont été extraites dans la plupart des cas des dossiers médicaux ou des données administratives. En ce qui concerne les évidences sur l'utilisation de nouveaux médicaments, cette revue a mis en évidence la rareté des études réalisées en Europe ainsi que celles concernant les immunothérapies, en particulier lorsque utilisées en première intention. Ce travail servira comme point de départ pour la réalisation d'études en vie réelle tant pour la conception des études que pour l'analyse comparative des résultats.

Cette revue de littérature a mis en évidence que les registres du cancer, lorsqu'ils sont liés à d'autres rcEHD, sont une source de données précieuse pour la réalisation d'études de pharmacoépidémiologie sur le cancer du poumon. Même si la région de Toscane dispose d'un registre régional du cancer, ces données ne sont joignables à d'autres sources de données, car l'identifiant du patient est différent de celui utilisé dans la base de données administrative de la région Toscane, rendant impossible sont utilisation pour les besoins de la thèse.

Néanmoins, la base de données de la région Toscane comprend plusieurs registres qui peuvent être liés entre eux par un code d'identification régional unique et pseudo-anonymisé. En plus des registres administratifs, la région Toscane possède également un registre régional d'anatomie pathologique (RRAP). Ce dernier couvre l'ensemble de la population de la toscane et contient un champ de texte libre ainsi que les codes SNOMED utiles pour l'identification de l'histologie du cancer du poumon.

Une étude de validation du RRAP a donc été menée.

Étude 2) Étude de validation L'objectif de cette étude était de développer et de valider un algorithme pour l'identification de cas de CPNCP dans le registre régional d'anatomie pathologique (RRAP) de la région Toscane en Italie.

Trois sources de données ont été utilisées : 1) le registre d'anatomie pathologique de l'hôpital universitaire de Sienne, 2) la base de données de la pharmacie hospitalier de Sienne et 3) la base de données administrative de santé de la région de Toscane.

Une première version de l'algorithme d'identification de cas CPNPC a été créée par un groupe de travail comprenant du personnel médical du département de pathologie de l'hôpital Universitaire de Sienne, des oncologues, des épidémiologistes, et des informaticiens. L'algorithme devait identifier les cas à partir d'une composante morphologique et une composante topographique. La composante morphologique a été développé pour identifier les histologies correspondantes au CPNPC, tandis que la composante topographique visait à identifier le site pulmonaire. Pour ces deux composantes les codes SNOMED, ainsi que les mots-clés appliqués au champ de diagnostic en texte libre ont été utilisés. La première version de l'algorithme a été testé dans le registre d'anatomie pathologique de Compte tenu de sa validité prometteuse, l'algorithme proposé pour la détection des CPNPC a été considéré comme adapté pour conduire la troisième étude de la thèse.

Étude 3) Prise en charge des patients avec CPNPC avancée par rapport au sexe des patients : étude d'utilisation des médicaments en première intention et de survie des patients.

La plupart des études retrouvées grâce à la revue de la littérature ont examiné l'utilisation des médicaments anticancéreux en fonction de l'histologie, seules quelques études rapportait des résultats stratifiés par sexe.

Les femmes et les hommes ont un profil biomoléculaire différent qui pourrait avoir un impact sur l'utilisation des médicaments et sur la survie des patients atteints de CPNPC. L'objectif de cette étude était de décrire la survie et l'utilisation des médicaments anticancéreux de première intention chez une cohorte de patients atteints de CPNPC avancé en fonction du sexe.

Une cohorte de patients avec un nouveau diagnostique de CPNPC avancé (non résécable) entre 2009 et 2019 (entrée de la cohorte) A partir du RRAP de la régionale Toscane a été constituée. Les antinéoplasiques délivrées jusqu'à 4 mois après l'entrée de la cohorte ont été classés en chimiothérapie standard, thérapies ciblées, immunothérapies, anticorps monoclonaux non définis ont été retrouvée dans la base de données administrative de la région.

Le traitement de première ligne et la survie des patients recevant un traitement médicamenteux ont été décrits. Les analyses ont été stratifiées en fonction de l'histologie, du sexe et de l'année d'entrée dans la cohorte.

Un total de 4 393 cas incidents de CPNPC avancé a été inclus. Les femmes atteintes d'un CPNPC non résécable ont reçu une thérapie ciblée plus fréquemment que les hommes (14,9 % contre 6,5 %). La fréquence d'utilisation de l'immunothérapie a varié entre 3,8 % en 2017 et 9,1 % en 2019. La proportion de patients n'ayant reçu aucun traitement médicamenteux dans les quatre mois suivant l'entrée dans la cohorte était stable pendant toute la période d'étude, et concernait environ 1/3 des patients atteints de CPNPC (36 % de squameux et 29 % de non-squameux).

La survie à deux ans des patients inclus dans la cohorte a augmenté au cours du temps : pour les CPNPC non squameux, il était de Cette thèse a produit une connaissance actualisée de l'impact des nouvelles pharmacothérapies au cours de la dernière décennie sur la survie dès les patients atteints de CPNCP recevant au moins un traitement pharmacologique de première intention.

Quant à l'utilisation des médicaments, l'étude est, à notre connaissance, la première étude évaluant l'incidence des pharmacothérapies de première intention chez les patients atteints de CPNCP non résécable en Italie. Elle pourrait fournir des informations importantes à la communauté scientifique pour des futures analyses comparatives des résultats, et aux autorités de santé pour comprendre le profil d'utilisation de ces médicaments en vie réelle, dans un contexte d'évolution continue de la prise en charge des patients atteints de CPNPC. Cette étude pourrait être reproduite au cours des prochains années pour caractériser les utilisateurs, découvrir les différentes utilisations de ces médicaments en fonction de variables, telles que le sexe et étudier également les médicaments donnés en deuxième intention et suivantes.

En ce qui concerne la survie, la cohorte pourrait être suivie dans les années à venir pour inclure plus de patients. Étant donné que les bénéfices de l'immunothérapie sont plus évidents à long terme et que le pembrolizumab n'a été approuvé qu'en 2017 en première intention, une mise à jour de cette étude dans les prochaines années pourrait être utile pour comprendre l'évolution de la survie de ces patients. Une autre prospective de cette thèse pourrait comprendre l'évaluation de l'incidence des effets indésirables de ces médicaments, qui n'a pas encore été prise en compte. Cela pourrait être utile pour comprendre le profil de sécurité en vie réelle.
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Incidence, mortality and risk factor of lung cancer

In 2020, about 2.2 million of new cases of lung cancer were registered worldwide (11.4% of all cancer sites). [START_REF] Sung | Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries[END_REF] The incidence of lung cancer is roughly two times higher in men (about 1.4 millions of cases) than in women (about 800k cases) and most people diagnosed with lung cancer are 65 or older.

Figure 1.1 shows the age standardized incidence rates by sex for lung cancer among men and women in 2020 worldwide. The tobacco epidemic deeply affected the variation among countries in lung cancer rates and trends: its consumption caused an increasing incidence, first in men and later in women. [START_REF] Sung | Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries[END_REF][START_REF] Vavalà | Gender differences in lung cancer[END_REF] The Italian National Institute of Statistic reported between 1970-2011 a progressive reduction of tobacco consumption among males (from 55% to 28%) with a constant increase among female (from 12% to 17%). [START_REF] Vavalà | Gender differences in lung cancer[END_REF] As a result of this sex-specific trend, incidence rates among women are approaching or equaling those among men in several industrialized countries in Europe and Northern America. [START_REF] Sung | Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries[END_REF] As for mortality, lung cancer is one of the leading causes of cancer-related death in developed countries: more than half of people die within a year of diagnosis and its five-year survival is less than 18%. The EUROCARE-5 study reported a five-year survival of 13% for all lung cancer patients diagnosed in 2000-2007, with a range from 9% in the UK to 15% in central Europe. [START_REF] Rossi | The EUROCARE-5 study on cancer survival in Europe 1999-2007: Database, quality checks and statistical analysis methods[END_REF] Another study conducted in the United States (US) reported that the five-year survival was lower than 21% in 2015. [START_REF] Lu | Trends in the incidence, treatment, and survival of patients with lung cancer in the last four decades[END_REF] Smoking is the main environmental risk factor.

According to the guidelines of the European Society of Molecular Oncology, quitting smoking before the age of 40 reduces the risk of lung cancer in the next 10-15 years. [START_REF] Postmus | Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF] Environmental risk factors also include passive smoking, occupational exposures (e.g. radon and asbestos), 6 pre-existing lung diseases such as pulmonary fibrosis, [START_REF] Hubbard | Lung cancer and cryptogenic fibrosing alveolitis. A population-based cohort study[END_REF] Hodgkin's lymphoma, [START_REF] Lorigan | Lung cancer after treatment for Hodgkin's lymphoma: a systematic review[END_REF] human immunodeficiency virus infection and alcohol consumption. [START_REF] Kirk | HIV infection is associated with an increased risk for lung cancer, independent of smoking[END_REF][START_REF] Yano | Non-small cell lung cancer in never smokers as a representative "non-smoking-associated lung cancer": epidemiology and clinical features[END_REF] Residential and occupational exposure to radon (radioactive noble gas) is the second leading cause of lung cancer after cigarette smoking. 10

Histological classification

Lung cancer can be divided into two histological categories (Figure 1.2): non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC). The difference between the two tumor types lies in the different morphological characteristics of the cells. Both types of tumors, until recently, were considered as single entities; today, thanks to an advance in our knowledge of its biology, we know that the two classes comprise very heterogeneous entities. [START_REF] Osmani | Current WHO guidelines and the critical role of immunohistochemical markers in the subclassification of non-small cell lung carcinoma (NSCLC): Moving from targeted therapy to immunotherapy[END_REF] Advances in genomics facilitated the understanding of intra-tumor heterogeneity and genetic alterations specific to these two classes of lung cancer. Non-Squamous cell carcinoma, which could be further distinguished in:

 Adenocarcinoma: approximately 40% of all lung cancers are adenocarcinomas and is the most common subtype diagnosed in people who have never smoked.

Adenocarcinoma arises from cells lining the mucus-secreting airways and usually occurs in the peripheral region of the lung.

 Large cell carcinoma: this type accounts for 10-15% of lung cancer, and it is named for the size of the cells observed under the microscope. It has poor differentiation and cannot be further investigated by immunohistochemistry or electron microscopy.

Staging and diagnosis

Assessing the stage of the tumor is a multidisciplinary process which involves imaging, endoscopy exams and surgical procedures. [START_REF]Cancer Staging[END_REF] The staging system most often used for lung cancer is the TNM system, which is based on three axis:

 The size and extent of the main tumor (T)

 The spread to nearby lymph nodes (N)

 The spread (metastasis) to distant sites (M)

Once the T, N, and M categories have been determined, the overall stage is assigned (Figure 1.3). [START_REF] Detterbeck | The eighth edition TNM stage classification for lung cancer: What does it mean on main street?[END_REF] Assessing the stage of the tumor is crucial for its treatment. Since patients might be totally asymptomatic when lung cancer is not advanced, only 25-30% of lung cancer cases are diagnosed in the early stages (I-IIIA). [START_REF] Pirker | Adjuvant Chemotherapy of Non-Small Cell Lung Cancer[END_REF] In stages up to III (IIIA for NSCLC, IIB for SCLC) surgical therapy has a curative intent: patients can undergo surgery and then be evaluated according to the overall situation on lobar and lymph node extension and undergo adjuvant chemotherapy. Starting from III stage (IIIB for NSCLC, IIIA for SCLC), patients are classified as having an advanced/extensive tumor and surgery is no longer a possible option. 14 paclitaxel, pemetrexed and vincristine/vinorelbine. [START_REF] Del Polmone - | AIOM[END_REF] The platin compounds (carboplatin and cisplatin) act directly on the DNA of tumor cells which undergo apoptosis. Gemcitabine is a cytidine nucleoside analogue which act by being incorporated into the DNA (or RNA) of the tumor cell and thus promoting cell death. Also pemetrexed is converted to an active form that blocks the activity of enzymes involved in the production of nucleotides. Docetaxel, paclitaxel as also vincristine and vinorelbine act during mitosis process (cell division), thus blocking its multiplication. [START_REF]Drugs Approved for Lung Cancer -National Cancer Institute[END_REF] These drugs could be used in regimens of two or three drugs, or one single drug based on patient's performance status and tumor stage. Currently, platinum-based compounds have been combined with third-generation cytotoxic agents (paclitaxel, gemcitabine, docetaxel and vinorelbine) and this combination is called platinum doublet. [START_REF] Rossi | Platinum-based chemotherapy in advanced non-small-cell lung cancer: optimal number of treatment cycles[END_REF] The introduction of the pemetrexed-cisplatin doublet into treatment has demonstrated a clinical benefit in nonsquamous NSCLC compared to gemcitabine-cisplatin treatment, thus enhancing the importance of histology identification. [START_REF] Treat | Comparison of pemetrexed plus cisplatin with other first-line doublets in advanced non-small cell lung cancer (NSCLC): a combined analysis of three phase 3 trials[END_REF] Platinum-based chemotherapy remains the standard of care for the majority of patients with advanced NSCLC.

Target therapies

In the 1980s, discoveries in the fields of cell biology, immunology, and molecular biology enabled researchers to better understand the molecular mechanisms responsible for the neoplastic transformation of cells. As a result, new molecular targets were identified. [START_REF] Falzone | Evolution of Cancer Pharmacological Treatments at the Turn of the Third Millennium[END_REF] A major limitation of standard chemotherapy is its lack of selectivity which indiscriminately affects all rapidly reproducing cells, both neoplastic and normal ones. In contrast, target therapy is more selective, as it targets mainly tumor cells and significantly reducing side effects. The targets identified are mainly cancer's specific proteins (i.e., tyrosine kinase receptors), genes, or tissue environment.

Receptors with tyrosine kinase activity are transmembrane proteins involved in intracytoplasmic signal transduction from the extracellular environment. These receptors play an important role in a variety of cellular processes including growth, motility, differentiation, and metabolism. [START_REF] Du | Mechanisms of receptor tyrosine kinase activation in cancer[END_REF] Activation of these receptors can induce tumor cell proliferation and growth, suppress apoptosis and promote angiogenesis and metastatic spread. The self-activation of tyrosine kinases linked to the acquisition of genetic abnormalities during oncogenesis is a frequently observed phenomenon. The most important molecular target identified in lung cancer are the epidermal growth factor receptor (EGFR), the anaplastic lymphoma kinase (ALK) and the Kirsten Ras Sarcoma Virus gene (KRAS). Other oncogenic genes with lower incidence are BRAF and ROS1. [START_REF] Guo | Recent Progress in Rare Oncogenic Drivers and Targeted Therapy For Non-Small Cell Lung Cancer[END_REF] Tyrosine kinase inhibitors (TKIs) are target therapies that block the activation of the catalytic sites of these enzymes: by doing so, the downstream cell signaling pathways are disrupted, thereby restoring control over cell proliferation and survival. However, difference between SCLC and NSCLC must be underlined.

While SCLC genotyping still need to be further investigated and no target therapies are available for this type of lung cancer, as for NSCLC the discover of molecular alterations permitted in the last years the approval of a considerable number of target therapies.

However, also for NSCLC, effective molecularly targeted therapies have disproportionately impacted non-squamous cell carcinoma compared to squamous cell carcinomas and the most frequent genetic alterations in lung adenocarcinomas are shown in Figure 1.4.

Anti-EGFR

EGFR is a well-studied target for target therapy of which there are four different isoforms identified as EGFR1, EGFR2, EGFR3 and EGFR4. EGFR is a member of the family of protein kinases widely distributed in the human body. EGFR was chosen as target because these receptor types are present in all epithelial cells and in tumor cells, where they are overexpressed. The signaling of EGFR, activated by the Epidermal Growth Factor (EGF), is important for cell growth and activated second messengers responsible for the induction of 

Anti-ALK

The ALK gene is located on the short arm of chromosome 2, and the ALK protein is a transmembrane tyrosine kinase receptor. The resulting tyrosine kinase activates several downstream signaling pathways responsible for cell proliferation and survival. [START_REF] Du | ALK-rearrangement in non-small-cell lung cancer (NSCLC)[END_REF] ALK rearrangements occur in approximately 4-5% of NSCLC cases and this type of rearrangement is more common in NSCLC patients diagnosed with adenocarcinoma. [START_REF] Del Polmone - | AIOM[END_REF] The incidence between women and men of ALK-positive NSCLC is very similar worldwide.

ROS1 is an integral membrane protein with tyrosine kinase activity that promotes signaling pathways involved in cell growth, proliferation, and survival. Rearrangements in the ROS1 gene promote its fusion with various other genes, leading to activation of tyrosine kinase, which in turn activates other signaling pathways.

ROS1 rearrangements account for 1-2% of NSCLC cases and are mainly observed in women, younger than 50 years, those with no smoking history and those with non-squamous histology. [START_REF] Mustachio | Current Targeted Therapies for the Fight against Non-Small Cell Lung Cancer[END_REF][START_REF] Remon | Current treatment and future challenges in ROS1-and ALK-rearranged advanced non-small cell lung cancer[END_REF] The homology between the tyrosine kinase domains of ROS1 and ALK allows the definition of unique subgroups of patients highly sensitive to TKIs from the crizotinib family.

EMA has approved the following drugs for these targets: crizotinib, alectinib, ceritinib and brigatinib (Table 1.2).

Table 1.2. Anti-ALK / ROS-1 drugs approved by EMA for NSCLC

Anti-BRAF

The BRAF kinase is a key factor in intracellular signaling that facilitates signal transmission from the cell surface to the nucleus after EGFR activation. BRAF is part of the mitogenactivated protein kinase pathway that plays an important role in the control of cell growth and regulation. In healthy tissues BRAF kinase is deactivated by negative feedback once the signal has passed to the next step in the cascade. BRAF activating mutations behave as oncogenic promoters that can lead to uncontrolled cell growth and proliferation. 

Anti-VEGF

Tumor cells release growth factors, which act by activating pre-existing vessels and cause these to proliferate new vessels directed towards the tumor mass providing all the necessary elements for growth and survival. Indeed, the formation of these new blood vessels from normal ones also leads to a poorer clinical prognosis, and reduced overall survival. [START_REF] Bačić | Tumor angiogenesis as an important prognostic factor in advanced non-small cell lung cancer (Stage IIIA)[END_REF] The vascular endothelial growth factor (VEGF) is the most specific and powerful mitogenic factor for endothelial cells, being also the most important determinant of cell survival in newly formed vessels. It causes an increase in vessel permeability, a key factor in making it easier for tumor cells to enter the circulatory stream, leading to the phenomenon of metastasis. [START_REF] Sitohy | Anti-VEGF/VEGFR Therapy for Cancer: Reassessing the Target[END_REF] The bevacizumab antibody binds VEGF-A and was the first angiogenesis inhibitor approved for the first-line treatment of advanced NSCLC patients in combination with platinum-based chemotherapy. Binding to VEGF results in the inability of VEGF to bind to its receptors (Vascular Endothelia Growth Factor Receptors: VEGFR-1 and VEGFR-2) on the surface of endothelial cells. This interaction of bevacizumab with VEGF causes blockage of the biological activity of VEGF, thus leading to regression of the tumor vascularization process and normalization of the residual neoplastic vascularization. Ramucirumab, on the other hand, is a monoclonal antibody binding the VEGFR, which together with nintedanib, a multityrosine kinase anti-angiogenic inhibitor, is approved for the second-line treatment of NSCLC in combination with docetaxel (Table 1.4). [START_REF] Manzo | Angiogenesis Inhibitors in NSCLC[END_REF][START_REF] Janning | Anti-Angiogenics: Their Value in Lung Cancer Therapy[END_REF] 

Immunotherapy

The identification of immune checkpoints (i.e., molecules that allow the tumor to evade the normal control of the immune system) allowed the discovery of immunotherapy. Such pharmacological treatment includes drugs that target the Cytotoxic T-lymphocyte-4 (CTLA-4) and the ligand and the receptor of the programmed death protein-1 (PD-L1 and PD-1, respectively). [START_REF] Esfahani | A review of cancer immunotherapy: from the past, to the present, to the future[END_REF][START_REF] Koury | Immunotherapies: Exploiting the Immune System for Cancer Treatment[END_REF] The drugs included in this pharmacological category are also called immune check point inhibitors (ICIs).

The PD-1 receptor is a checkpoint-immune receptor expressed on the surface of activated T cells and acts mainly at the peripheral level, i.e. in the tumor microenvironment, and plays a role in immune regulation: its ligands PD-L1 and PD-L2 are expressed on the surface of dendritic cells or macrophages. [START_REF] Keir | PD-1 and its ligands in tolerance and immunity[END_REF][START_REF] Good-Jacobson | PD-1 regulates germinal center B cell survival and the formation and affinity of longlived plasma cells[END_REF] Both PD-L1 and PD-L2 are expressed at relatively low levels in healthy tissues. When PD-L1 binds to PD-1 triggers a regulatory mechanism that causes the inhibition of T cells, which are thus inactivated. The healthy cell, in this condition, is not attacked by the immune system because the effector function of the T cells has been inhibited. Thus, the expression of PD-L1 and PD-L2 mediate the natural immune tolerance and prevent autoimmune responses and tissue damage after an inflammatory response. Cancer cells, on the other hand, have high levels of PD-L1 expression on their surface, allowing PD-1 activation on all T cells that have infiltrated the tumor microenvironment, effectively switching off these cells (Figure 1

.6).

Expression and overexpression of PD-L1 has been documented in several tumor types, including NSCLC. The activation of key oncogenic pathways, including phosphoinositide 3kinase and MAPK as also EGFR and BRAF activating mutations, can increase PD-L1 expression. The upregulation of PD-L1 expression levels has been shown to be 35% to 95% in NSCLC and such high levels of PD-L1 expression have been linked to poor clinical outcomes. [START_REF] Lamberti | The Mechanisms of PD-L1 Regulation in Non-Small-Cell Lung Cancer (NSCLC): Which Are the Involved Players?[END_REF][START_REF] Schmidt | PD-1 and PD-L1 Expression in NSCLC Indicate a Favorable Prognosis in Defined Subgroups[END_REF] The aim of immune checkpoint inhibitors is to improve/restore the immune system's ability to detect and destroy cancer cells by overcoming the mechanisms the tumors evade to suppress the immune response. [START_REF] Juneja | PD-L1 on tumor cells is sufficient for immune evasion in immunogenic tumors and inhibits CD8 T cell cytotoxicity[END_REF] Immune checkpoint inhibitors which target this interaction, have been introduced into lung cancer therapy. To date, four anti-PD-1/PD-L1 immune checkpoints inhibitors have been approved for advanced non-squamous or squamous NSCLC: pembrolizumab and nivolumab against PD-1 and durvalumab and atezolizumab for PD-L1. Also ipilimumab (an anti-CTLA-4 drug) in combination with nivolumab and two cycles of platinum based-chemotherapy is approved for metastatic NSCLC without activating EGFR mutations or ALK rearrangements (Table 1.5). [START_REF] Hsu | Epidermal Growth Factor Receptor (EGFR) Pathway, Yes-Associated Protein (YAP) and the Regulation of Programmed Death-Ligand 1 (PD-L1) in Non-Small Cell Lung Cancer (NSCLC)[END_REF] In general, about only 20% of NSCLC patients have a durable response to ICIs in monotherapy. Therefore, it is important to identify patients who could benefit from immune checkpoint blockade therapy and to identify biomarkers to establish valid prognostic and predictive factors for treatment responses. In the early stages surgery is the treatment of choice, while pharmacological treatment, such as neoadjuvant or adjuvant therapy, can be used before or after tumor resection, respectively.

If patients are diagnosed at an early stage, surgical resection of lung cancer allows a favorable prognosis; in 2017, five-year survival rates were 70-90% for localized tumors (stage I). [START_REF] Knight | Progress and prospects of early detection in lung cancer[END_REF] Lobectomy is considered the standard surgical method for early stage NSCLC, however not all patients may be candidates. Some patients, even if technically resectable, refuse surgery or are considered medically inoperable due to insufficient respiratory reserve, cardiovascular disease or comorbidities and general frailty.

As for pharmacological treatment, neoadjuvant therapy is administered prior to surgery and increased chances of complete resection. Anyway, the percentage of lung cancer patients who are candidates for surgery has remained around 30% for the last 20 years. The neoadjuvant treatment regimen usually consists of 3-4 cycles of cisplatin combined with one of the cytotoxic drugs. [START_REF] Del Polmone - | AIOM[END_REF] After complete resection, a substantial proportion of these patients eventually develop local recurrence or distant metastases. Systemic relapses occur due to the presence of micrometastatic disease at the time of surgery. [START_REF] Pirker | Adjuvant Chemotherapy of Non-Small Cell Lung Cancer[END_REF] Therefore, sometimes an adjuvant treatment is needed to reduce lung cancer recurrence rates. 42

Advanced/metastatic stages (IIIB/IV): NSCLC

In the advanced/metastatic stage of the disease, surgery is no longer an available option. The pharmacological treatment (see section 1.4) of advanced and metastatic NSCLC has undergone a rapid transformation within a short period of time (Figure 1.7). [START_REF] Chaft | Evolution of systemic therapy for stages I-III non-metastatic non-small-cell lung cancer[END_REF] The treatment strategy should take into account patients age, performance status, comorbidities, histology and molecular mutations. [START_REF]Clinical Practice Living Guidelines -Metastatic Non-Small-Cell Lung Cancer | ESMO[END_REF] 

Non squamous NSCLC

In all patients with advanced/metastatic stage non squamous NSCLC, it is recommended to complement the morphological diagnosis with molecular characterization of the tumor, in light of the possibility of prescribing targeted treatments. 45,[START_REF] Lindeman | Updated Molecular Testing Guideline for the Selection of Lung Cancer Patients for Treatment With Targeted Tyrosine Kinase Inhibitors: Guideline From the College of American Pathologists, the International Association for the Study of Lung Cancer, and the Association for Molecular Pathology[END_REF] If a patients is found with a molecular mutation it is likely to receive a target therapy as a first-line treatment (Figure 1.8).

Here we report the guidelines published by the European Society for Medical Oncology Pembrolizumab is considered a standard first-line option for patients with advanced NSCLC and PD-L1 expression ≥ 50% who do not have contraindications to use of immunotherapy.

Also performance status, patients age, tumor mutational burden are taken into account for the treatment algorithm of this patients. In patients with low performance status and with any expression of PD-L1 also the Tumor Mutational Burden (TMB) is considered in the treatment algorithm. The TNB open great perspectives in the personalized treatment of cancer. This molecular biomarker measures the number of mutations in the tumor and makes it possible to take a complete "picture" of the tumor's molecular alterations. It is a valuable tool because it can help to identify patients who will respond better to immunotherapy. 47 

Squamous NSCLC

In patients with advanced/metastatic squamous NSCLC, the molecular test investigation is not recommended except in the rare circumstances the patient is found to be a never, long-time ex, or light smoker (Figure 1.10). Also in this cancer the clinical condition as also other information are considered in the treatment algorithm such as smoking status, PD-L1 expression, TMB, age and performance status. 

Extensive/metastatic stages (III/IV): SCLC

In the extensive (advanced) stage, target therapy is not approved for SCLC yet: while these drugs brought a real revolution in the treatment of NSCLC, this revolution for SCLC has yet to be observed. In fact, preclinical findings of the various aberrant processes in this type of cancer have not yet been translated into better outcomes with the addition of the targeted therapies to standard chemotherapy. [START_REF] Taniguchi | Targeted Therapies and Biomarkers in Small Cell Lung Cancer[END_REF] The low prevalence of SCLC represents the main Carboplatin may be replaced by cisplatin in patients

Value of conducting pharmacoepidemiology studies in lung cancers

Pharmacoepidemiology is the study of interactions between drugs and human populations, assessing the benefits, risks and the use of drugs in real word setting. [START_REF] Montastruc | What is pharmacoepidemiology? Definition, methods, interest and clinical applications[END_REF] This discipline focus on clinical patient outcomes by using methods of clinical epidemiology and applying them to understanding the determinants of beneficial and adverse drug effects, duration-response relationships, clinical effects of drug-drug interactions, and the effects of non-adherence to drug therapy. [START_REF] Montastruc | What is pharmacoepidemiology? Definition, methods, interest and clinical applications[END_REF] The pharmacological treatment (r)evolution of advanced / non-resectable lung cancer promoted by the approval of target-and immuno-therapies over the last ten year had a deep impact on the treatment of patients, on the healthcare system and on clinical research. In this scenario where the number of trials (especially on immunotherapy) exploited in the last years, the marketing authorizations of anti-cancer therapies are usually based on the results of randomized controlled trials with a low number of patients, with a short duration of exposure and stringent selection criteria. [START_REF] Al-Refaie | Cancer trials versus the real world in the United States[END_REF][START_REF] Penberthy | Effort required in eligibility screening for clinical trials[END_REF][START_REF] Kwiatkowski | Inclusion of minorities and women in cancer clinical trials, a decade later: Have we improved?[END_REF][START_REF] Freemantle | Making inferences on treatment effects from real world data: propensity scores, confounding by indication, and other perils for the unwary in observational research[END_REF] Effectiveness of anti-cancer drugs may be different than expected as daily practice differs from the experimental setting: as a matter of fact, poor evidence of survival benefits of anticancer drugs is present in literature. [START_REF] Davis | Availability of evidence of benefits on overall survival and quality of life of cancer drugs approved by European Medicines Agency: retrospective cohort study of drug approvals 2009-13[END_REF][START_REF] Van | Record linkage for pharmacoepidemiological studies in cancer patients[END_REF] EMA approved 48 anticancer drugs for a total of 68 indications from 2009 to 2013 and only the 51% of them demonstrated to significant improve survival or quality of life. [START_REF] Davis | Availability of evidence of benefits on overall survival and quality of life of cancer drugs approved by European Medicines Agency: retrospective cohort study of drug approvals 2009-13[END_REF] Moreover, regulatory agencies (FDA and EMA) are increasingly required to take market approval decisions for new drugs on the basis of limited clinical evidence which is a situation commonly encountered in cancer. [START_REF] Salcher-Konrad | Approval of Cancer Drugs With Uncertain Therapeutic Value: A Comparison of Regulatory Decisions in Europe and the United States[END_REF] Clinical trials also present limitations themself: 1) important safety issues may not be detectable in clinical trials because the frequency of many adverse events is too low and adverse effects of cancer therapies may occur many years after drug administration; [START_REF] Van | Record linkage for pharmacoepidemiological studies in cancer patients[END_REF] 2) reviews showed that women and racial/ethnic minorities are deeply underrepresented in clinical trials and in particular in clinical trials concerning cancer. [START_REF] Kwiatkowski | Inclusion of minorities and women in cancer clinical trials, a decade later: Have we improved?[END_REF][START_REF] Yakerson | Women in clinical trials: a review of policy development and health equity in the Canadian context[END_REF] Taking into account the above considerations, monitoring the real-world pattern of utilization of antineoplastic drugs is fundamental for the generation of evidence from large and unselected populations, identify and address difference in the utilization between specific populations which are not or under-represented in clinical setting and finally complement information provided from randomized clinical trials using pharmacoepidemiology studies. 61

Datasources to conduct pharmacoepidemiology studies in oncology

The conduction of pharmacoepidemiology studies in the oncology setting remains often a challenge since information to reliably describe utilization of cancer drugs, patients' characteristics and outcomes are often scattered in distinct and heterogenous data sources. [START_REF] Hiatt | Leveraging state cancer registries to measure and improve the quality of cancer care: a potential strategy for California and beyond[END_REF][START_REF] Rivera | Connections between pharmacoepidemiology and cancer biology: designing biologically relevant studies of cancer outcomes[END_REF] The main three types of data sources available providing routinely collected electronical healthcare data (rcEHD) to conduct pharmacoepidemiology studies in oncology are: cancer registries, administrative/claims databases and electronical health/medical records. [START_REF] Hiatt | Leveraging state cancer registries to measure and improve the quality of cancer care: a potential strategy for California and beyond[END_REF]  Cancer registries: Cancer registries are usually used for public health surveillance by monitoring trends in cancer incidence and mortality by age, gender, race and ethnicity, and type/stage. Researchers make use of registry data for describing patterns in cancer occurrence and for generating hypotheses for clinical and epidemiologic studies to inform cancer prevention and treatment improvements. These registries often include information on cancer diagnosis and mortality.

 Administrative/claims database: Administrative data are used increasingly to understand the delivery of health care services to a population of patients, and to understand care effectiveness or impact of regulatory actions. Administrative data can allow the assessment of large and generalizable populations of patients, thus limiting concerns about limited generalizability. The large sample sizes often available with administrative data may be particularly valuable for studying relatively smaller subgroups of individuals, such as older individuals or racial/ethnic minorities. These data allow researchers, providers, and policy makers to track care delivered and can provide evidence about health care utilization and costs of care.

Typically, these data include information about services delivered, such as emergency visits, hospitalizations, diagnostic tests, procedures, and drug dispensations. Notably, such data are nearly always collected for purposes other than research, i.e. assessing policy changes for billing purposes and, thus, lack rich clinical information that may be important to accurately interpret findings.

 Electronical healthcare records/ electronical medical records: electronic healthcare records are defined as an electronic collection of medical information about the health histories of patients (i.e., diagnosis, drugs, laboratory tests). The electronic health record is a longitudinal collection of the electronic health information of individual patients or populations, while and electronical medical record is the patient record created by providers for specific encounters in hospitals or ambulatory environments. The latter could serve as a data source for the broader electronical healthcare records. Anyway, these terminologies have often been used interchangeably despite there is a difference between them. [START_REF] Ehrs | Meaningful Use, and a Model EMR[END_REF] Electronical healthcare records are being used increasingly for observational research, post-marketing safety evaluation, and to inform decision making. In February 2011, the FDA issued draft guidance regarding best practices for use such data in conducting pharmacoepidemiologic studies. The primary advantages of these data are their potentially comprehensive and relatively timely clinical information, with the possibility of including physicians' notes, patient symptoms and history, diagnostic information, and planned and actual treatments. Unfortunately, sometimes information in such data sources are unable to communicate effectively between each other, [START_REF] Agrawal | Big data in digital healthcare: lessons learnt and recommendations for general practice[END_REF] and sometimes information can only be found in free-text field. 66

Thesis objectives

In the thesis project we aimed to answer the following research questions:

-What is the available evidence in literature of studies using routinely collected electronical healthcare data about lung cancer?

-Is it possible to conduct a drug utilization study on NSCLC patients using the available Italian data?

-How is changed the pharmacotherapy of NSCLC in the last decade?

-Is the survival of these patients improved in a real-word setting?

Based on the research questions three works were conducted. First, a scoping review of the literature searching for drug utilization studies on lung cancer; the second study was conducted to validate a NSCLC case-finding algorithm in the regional pathology registry of the Tuscany region which is included into the regional administrative database; the last study concerned drug utilization and survival of patients with advanced NSCLC using real world data coming from the Tuscany region medico-administrative database.

The final goals of this thesis were to validate Italian medico-administrative data, to describe the drug utilization of NSCLC therapies over the last decade and to evaluate the impact of the introduction of these drugs on survival of NSCLC patients.

CHAPTER 2.

Scoping review of the literature: using routinely collected electronical healthcare data to study drug utilization in patients with lung cancer

Introduction

Observational studies based on large databases of rcEHD have the potential to complement information from clinical trials by allowing the observation of the "real world" clinical practice, thus leveraging data from wider and less strictly selected populations, during long-term follow-up periods.

The study of utilization of antineoplastic drugs is of paramount importance both for patients, to achieve the highest benefit from the pharmacotherapy received, and for the healthcare service, to maximize the results obtained from the resources invested. Unfortunately, information, such as histology, molecular characteristics, and stage of the tumor, that should be considered to plan the most appropriate pharmacotherapy for each patient, is frequently scattered in different databases. One emerging research direction is to leverage large, rcEHD to facilitate clinical and translational research. [START_REF] Hiatt | Leveraging state cancer registries to measure and improve the quality of cancer care: a potential strategy for California and beyond[END_REF] As for lung cancer, an overview of available data to conduct pharmacoepidemiologic studies on this topic was needed.

Study objectives

We decided to conduct a scoping review of the literature to provide a structured overview of the available studies using rcEHD to facilitate the design and benchmark of future works on this topic.

The objectives of this study were to retrieve available information from published studies using electronical healthcare data to facilitate the conduction of drug utilization study on lung cancer patients. Identification and validation of a casefinding algorithm to extract NSCLC cases from the regional pathology registry of Tuscany

Publication

Real

Introduction

In the scoping review of the literature, we found that the information necessary to appropriately characterized lung cancer patients and describe drug utilization is huge. Given that, the record linkage of data sources was confirmed to be the most appropriate methodology to study drug utilization and survival of patients with lung cancer.

The scoping review highlighted that cancer registries when linked to other rcEHD are a valuable data source for the conduction of pharmacoepidemiology studies in lung cancer. Even if the Tuscany region has a regional cancer registry, unfortunately, these data could not be linked to other datasources as an anonymized ID patients different from that utilized in Tuscany region administrative database was used. Nevertheless, the Tuscany region database includes multiple registries that can be linked with each other through a pseudo-anonymized regional person identifier code. Linked with administrative registries (i.e., hospital discharge records, outpatients encounter data) the Tuscany region has also a regional pathology registry. The latter covers the whole Tuscan population and contains free text field and codes useful for the identification of patients with NSCLC.

Pathology registries to conduct observational studies in oncology

Diagnostic histological and cytological specimens are routinely stored in pathology department archives. These biobanks are a valuable research resource for many diseases, particularly if they can be linked to high quality electronical healthcare data, allowing large retrospective epidemiological/pharmaco-epidemiological studies to be carried out. [START_REF] Erichsen | Existing data sources for clinical epidemiology: the Danish National Pathology Registry and Data Bank[END_REF] In other settings, such as Denmark, it was demonstrated that in the era of personalized medicine, access to high quality pathology registries provides a valuable clinical and research resource. [START_REF] Erichsen | Existing data sources for clinical epidemiology: the Danish National Pathology Registry and Data Bank[END_REF] In fact, pathology registries can provide a valid complement to other data sources that are widely used for research purposes, such as hospital discharge records, where information on histology is lacking. [START_REF] Earle | Identifying potential indicators of the quality of end-of-life cancer care from administrative data[END_REF] However, validity of variables retrieved from healthcare data is imperfect, and its measurement is necessary to assess reliability of such evidence. [START_REF]Best Practices for Conducting and Reporting Pharmacoepidemiologic Safety Studies Using Electronic Healthcare Data[END_REF] Validated algorithms can be used to identify patients with specific diseases and to extract other relevant information (i.e. histology) which are not presented in administrative datasources.

Anyway, no evidence from the literature using such registries for the conduction of pharmacoepidemiologic studies for lung cancer patients was found in literature. 70

SNOMED coding in pathology registries

The Systematized Nomenclature of Medicine (SNOMED) is a systematic collection of medical terms, in human and veterinary medicine, providing codes, terms, synonyms and definitions which cover anatomy, diseases and findings. It allows to index, retrieve, and aggregate medical data across specialties and sites of care. SNOMED was started in the U.S. by the College of American Pathologists in 1973 and revised into the 1990s. [START_REF] Cote | Architecture of SNOMED: Its Contribution to Medical Language Processing[END_REF] In 2002 College of American Pathologists's SNOMED Reference Terminology was merged with the National Health Service's Clinical Terms Version 3 to produce SNOMED Clinical terms (SNOMED CT).

Versions of SNOMED released prior to 2001 were based on a multiaxial, hierarchical classification system. In such versions, a disease may be located in a body organ, which results in a code in a topography axis, and may lead to morphological alterations represented by a morphology code.

As for SNOMED CT, the primary purpose is to support the effective clinical recording of data with the aim of improving patient care. It is a structured collection of medical terms that are used internationally for recording clinical information and are coded in order to be computer processable. [START_REF] Snomed | EUROPEAN INNOVATION PARTNERSHIP -European Commission[END_REF] Despite the advent in years 2000 of SNOMED CT, 73 in the report of 2016 "Assessing SNOMED CT for Large Scale eHealth Deployments in the EU" most part of European nations reported that their use of SNOMED CT was very limited (Figure 3.1). [START_REF]Assessing SNOMED CT for Large Scale eHealth Deployments in the EU | ASSESS CT Project[END_REF] The pathology registry of Tuscany (as well as other pathology registries, at international level across all Europe, i.e. Denmark) [START_REF] Erichsen | Existing data sources for clinical epidemiology: the Danish National Pathology Registry and Data Bank[END_REF] still use previous SNOMED version of nomenclature.

Study objectives

Given that the regional pathology registry of the Tuscany region, was not yet used for the conduction of pharmacoepidemiology study on cancer, the development and the validation of a NSCLC case-finding algorithm patients was needed.

The objective of this study was to develop and to validate a case-finding algorithm for the identification of NSCLC patients in the regional pathology registry of Tuscany. 

Introduction

Lung cancer is the most commonly diagnosed cancer worldwide (2.09 million cases in 2018) with approximatively 42.500 new diagnosis in Italy in 2019. [START_REF]AIRC -tumore al polmone[END_REF] NSCLC represents about 85% of all cases of lung cancer and can be distinguished in three main histotypes: squamous, big cells, and adenocarcinoma. 76 ln the past fifteen years, a number of novel anticancer medications, such as target-and immunotherapies, have been authorized for the pharmacological treatment of advanced stage NSCLC. [START_REF] Zappa | Non-small cell lung cancer: current treatment and future advances[END_REF] Nevertheless, knowledge on the efficacy and safety of such anticancer drugs mostly relies on evidence from clinical trials which are usually based on relatively small samples of selected patient populations. [START_REF] Fahey | Applying the results of clinical trials to patients to general practice: perceived problems, strengths, assumptions, and challenges for the future[END_REF][START_REF] Unger | Role of Clinical Trial Participation in Cancer Research: Barriers, Evidence, and Strategies[END_REF] Large databases of routinely collected electronic healthcare data can be used to generate evidence on the epidemiology of diseases as well as on the real-world utilization of medicines in population that were not included in clinical trials. [START_REF] Snyder | THE ROLE OF INFORMATICS IN PROMOTING PATIENT-CENTERED CARE[END_REF][START_REF] Houser | The Impact of Electronic Health Record Usage on Cancer Registry Systems in Alabama[END_REF] However, validity of variables retrieved from healthcare data is imperfect, and its measurement is necessary to assess reliability of such evidence. [START_REF]Best Practices for Conducting and Reporting Pharmacoepidemiologic Safety Studies Using Electronic Healthcare Data[END_REF] The aim of the study was to develop and to validate a case-finding algorithm for the identification of patients with NSCLC in a region-wide pathology registry in Italy.

Material and methods

Data sources

For the purposes of this study, three data sources were used: 1) the pathology registry of the University Hospital of Siena, which is a city in Tuscany that hosts the University Hospital "Le Scotte", one of the major hospitals of the region, 2) the Hospital Pharmacy database of Siena and 3) the region-wide administrative healthcare database of Tuscany.

-Pathology Registry of the University Hospital of Siena

The pathology registry of Siena collects records of histological and cytological examinations of patients attending the University Hospital of Siena. It contains patient demographics and pathological diagnoses, which are both recorded using the SNOMED morphology and topography codes, and free-text description of macroscopical and microscopical findings, as well as other clinical information. Biomolecular characterization (i.e., EGFR positive mutations) can be also recorded with SNOMED codes.

-The Hospital Pharmacy database of Siena

The Hospital Pharmacy database of Siena (HPS) collects information concerning intravenous drugs prepared by the hospital pharmacy and administered to both inpatients and outpatients treated at the Siena University Hospital. The database contains demographic data of treated patients as well as information on the administered drug, including indication of use.

-Regional administrative healthcare database of Tuscany

The administrative healthcare database of Tuscany collects information on all healthcare services dispensed to Tuscan inhabitants (around 3.7 million subjects) and reimbursed by the National Healthcare Service. This database includes multiple registries that can be linked with each other through a pseudo-anonymized regional person identifier code. In this study, two registries were used: the inhabitant registry, which records demographic information, including vital status of all inhabitants entitled to public healthcare assistance, and the regional pathology registry. The latter Positive predictive value (PPV) was calculated based on the results from a manual review of records of all cases of NSCLC identified in the pathology registry of Siena (reference standard).

Information used for the manual review was extracted from the free-text fields (pathological diagnosis, macroscopy, microscopy, clinical information and sent material) of the first record identified for each patient during the study period. The information was extracted manually and independently by two researchers (AS and PR) which worked blinded to each other. A senior pathologist (CB) from Siena University Hospital resolved disagreements between the two assessors.

Data were extracted in a standard extraction form, encompassing four items: 1) Malignancy:

Malignant tumor, Yes/No/Maybe; 2) Topography: Lung, Yes/No/Maybe; 3) Morphology: NSCLC, Yes/No/Maybe; and 4) Origin of the tumor: primary, Yes/No/Maybe. Those cases that received "yes" in all the four validation items, or those who received "yes" in the first three validation items and "maybe" with respect to the primary origin of the tumor were considered as confirmed NSCLC cases. Cohen's Kappa for concordance between assessors was also calculated.

Refinement of the first version of the NSCLC case-finding algorithm: validation of different algorithm modifications

Based on the experience from the manual review, we tested the impact of several algorithm modifications. Namely, a set of additional algorithm components were used as exclusion criteria with respect to the population of cases identified by the first version of the algorithm. The validity of the tested algorithms modifications was then estimated as follow:

-PPV: the validated dataset extracted from pathology registry of Siena (see above) was used as the reference standard.

-SE: analytical formulae based on algebraic interrelation among PPV, SE, observed incidence, P, and true incidence, ∏, were used. [START_REF] Gini | Quantifying outcome misclassification in multidatabase studies: The case study of pertussis in the ADVANCE project[END_REF][START_REF] Bollaerts | Disease misclassification in electronic healthcare database studies: Deriving validity indices-A contribution from the ADVANCE project[END_REF] P was obtained from direct application of the relevant algorithm variant in the pathology registry of Tuscany. ∏ was obtained from the most recent estimate of overall lung cancer incidence in the Region, i.e. 2014, reported from the Cancer Registry of Tuscany. 84 namely, as NSCLC is known to represent about 85% of all lung cancer cases, [START_REF]AIRC -tumore al polmone[END_REF] we considered two extreme values of ∏, corresponding to 80% and 90%, respectively, of the overall lung cancers in order to obtain a range [min-max] of SE values. We also assumed that ∏ did not change during study period.

The combination of algorithm components with the best performance in terms of SE and PPV was then selected as final version of the algorithm.

Application of final version of the NSCLC case-finding algorithm to the pathology registry of Tuscany

The 

Results

Application of the first version of the algorithm and validation against the training dataset

SNOMED codes and free-text keywords selected for the components Morpho_1 and Topog_1 of the first version of the algorithm are reported in Table 3.1.

The algorithm allowed to retrieve 2309 cases from the pathology registry of Siena during the period 01/01/2009-31/08/2017, of which 2003 were linkable to the inhabitant registry of the regional administrative healthcare database of Tuscany and, thus, were considered for manual chart validation.

As for PPV, out of 2003 cases labeled as NSCLC cases, 1496 were classified as confirmed cases, leading to an estimate of 74.7% for PPV (see Table 3.2). Cohen's k measure of concordance between reviewers was as follows: 1) k=0.1350 for the malignancy item (slight agreement); 2) k=0.7617 for the lung item; (substantial agreement); 3) k=0.4307 for the morphology item (moderate agreement); 4) k= 0.3128 for the origin item (fair agreement). 

Figure 3.2. Positive predictive value (PPV) and sensitivity (SE) of first version and final version of the algorithm

The figure shows the validity measures of the first and the final version of the algorithm. PPV was represented in red and SE in green (dark greenhigher value of SE; light greenlower value of SE)

This algorithm modification was then chosen as final version of the NSCLC case-finding algorithm for the regional pathology registry of Tuscany.

Performance of final version of the algorithm in regional Pathology Registry of Tuscany

The algorithm was applied to the records collected in the pathology registry of Tuscany between 2009 and 2019. Overall, 15,169 cases were identified. A random sample of 200 cases was validated manually (see Table 3.5). The number of confirmed NSCLC cases was 186/200, corresponding to a PPV of 93%. 

Discussion and conclusion

In this paper we reported our experience concerning the development and validation of a casefinding algorithm for the identification of NSCLC cases in a region-wide Italian pathology registry.

The algorithm was found to have an high PPV and an acceptable SE which estimates appeared to increase over the study period and could be considered in line with the share of regional NSCLC cases that are likely to be captured by the pathology registry. [START_REF]Dati disponibili | Istituto per lo Studio e la Prevenzione Oncologia ISPO[END_REF] Notably, two possibly concurrent reasons can explain the observed trend of increase of the estimated SE. First, the regional pathology registry of Tuscany was established in 2006 so that completeness of data recording was expected to increase over the years. Second, the establishment of clinically and scientifically accredited regional centers during the last decade might have contributed to attract an increasing number of patients towards Tuscan hospitals, rather than to other out-of-the-region facilities. Thus, over the study period, the regional pathology registry of Tuscany have reasonably accounted for an increasing share of the total NSCLC cases captured by the regional Cancer Registry, which is also feed by hospital discharge records and death certificates. [START_REF]Dati disponibili | Istituto per lo Studio e la Prevenzione Oncologia ISPO[END_REF] The process adopted in this study for developing the final version of the NSCLC-finding algorithm was stepwise. Manual ascertainment of the 2003 cases extracted through the application of the first version of the algorithm to the training dataset allowed to identify two additional exclusion criteria, concerning neuroendocrine morphology and upper airways topography, respectively. Adding the latter two components to the first version of the algorithm allowed to increase PPV without compromising SE.

Given the promising evidence on validity reported in this work, the final version of the NSCLCfinding algorithm designed and tested in this study can be considered suitable for epidemiology and pharmacoepidemiology studies. Pathology registries can therefore provide a valid complement to other data sources that are widely used for research purposes, such as hospital discharge records, where information on histology is often lacking. [START_REF] Earle | Identifying potential indicators of the quality of end-of-life cancer care from administrative data[END_REF] Notably, information on pathological staging (TNMsee section 1.3) and histology can be also found in the pathology registry, however assessing the completeness and validity of such variables in the pathology registry of Tuscany was out of the scope of this work.

This study has several strengths. First, to the best of our knowledge this is the first validation study concerning the application of a NSCLC case-finding algorithm in an Italian pathology registry.

Since the algorithm developed in this study was based on SNOMED codes and free-text keywords, this work will serve as the starting point for local NSCLC case-finding algorithm design and application. In fact, SNOMED terminology is widely used in electronic pathology reports 86 so that the proposed algorithm is expected to be easily adapted to other electronic databases. Second, two manual case validations were performed in this study. In particular, the double-blinded manual validation of the 2003 cases identified in the training dataset (i.e., the pathology registry of Siena) allowed gaining insight into the specific codes and keywords used in the pathology reports which were finally adopted for algorithm refinement. Third, an innovative methodology for estimating missing validity indices was used. [START_REF] Gini | Quantifying outcome misclassification in multidatabase studies: The case study of pertussis in the ADVANCE project[END_REF][START_REF] Bollaerts | Disease misclassification in electronic healthcare database studies: Deriving validity indices-A contribution from the ADVANCE project[END_REF] This allowed obtaining also estimates of SE, a validity measure that is usually difficult to obtain and, thus, rarely reported in validation studies. [START_REF] Hall | Outcome misclassification: Impact, usual practice in pharmacoepidemiology database studies and an online aid to correct biased estimates of risk ratio or cumulative incidence[END_REF] However, SE estimations reported in this work have limitations that should be taken in consideration. For the first version of the algorithm, for which the indication for drug use recorded in the Hospital Pharmacy database of Siena was used as the reference standard, we assumed that SE was the same in both pharmacologically treated and untreated patients. For the final version of the algorithm, the adopted reference standard was the most recent estimate of the overall lung cancer incidence from the regional Cancer Registry of Tuscany (i.e., 2014), which we assumed that remained stable during the whole study period. Considering the evidence of a possible trend of slight decrease of the overall lung cancer incidence during the same period, [START_REF]I numeri del cancro in Italia[END_REF] the latter assumption might have led to an under-estimation of SE of the final version of the proposed NSCLC-finding algorithm. Notably, incidence of overall lung cancer cases was only available so we used two extreme values of the expected share of NSCLC cases (80%-90%) which allowed to obtain a range of SE estimates, 76 within which the true SE was likely to actually fall. Another study limitation concerns the classification of confirmed cases based on the results of the manual review. PPV value was calculated considering as confirmed NSCLC cases also those for which the primary origin of the tumor could not be excluded based on all the available information recorded. This choice was made because pathology registries do not always contain information on the tumor's origin (see Table 3.2

and Table 3.5). However, to reduce possible misclassification of secondary NSCLC, the first available record in the pathology registry was considered for each patient. Nevertheless, for future applications of the present algorithm, other sources of data should be used whenever linkable to pathology registry in order to refine the selection of primary NSCLC cases (e.g., hospital discharge registries).

In conclusion, with this study we designed and validated a case-finding algorithm for the identification of NSCLC cases in a region-wide pathology registry. The algorithm was found to have a high PPV (i.e., 93%) and an acceptable SE which estimates appeared to increase over the study period and could be considered in line with the share of regional NSCLC cases that are expected to be captured by the pathology registry. Given its promising validity the proposed NSCLC-finding algorithm can be considered suitable for future epidemiology and pharmacoepidemiology studies. Given the wide use of SNOMED terminology in electronic pathology reports, the proposed algorithm is expected to be easily adapted to other electronic databases.

CHAPTER 4.

Drug utilization and survival of patients with non-resectable NSCLC: a real-world study with gender perspective

Introduction

While in the scoping review most part of the included studies investigated the drug utilization of innovative drugs in relation to histology, only few studies reported some of the presented result stratified by sex (not taking into consideration the patients demographical characteristics table ). [START_REF] Levra | Immunotherapy rechallenge after nivolumab treatment in advanced non-small cell lung cancer in the real-world setting: A national data base analysis[END_REF][START_REF] Schwartzberg | Real-World Clinical Impact of Immune Checkpoint Inhibitors in Patients With Advanced/Metastatic Non-Small Cell Lung Cancer After Platinum Chemotherapy[END_REF] Real-world evidence can be useful to describe treatment efficacy in a "clinical practice" population characterized by lower selection bias compared with randomized clinical trials, adding details on the outcome of special patients' populations (i.e. men and women), under-represented or excluded from clinical trials. Of course, the absence of a randomized group does not allow to estimate the efficacy compared with other treatments, and quality of data could be lower compared with clinical trials. [START_REF] Maio | Real-World Evidence in Oncology: Opportunities and Limitations[END_REF] Anyway, given the treatment revolution of lung cancer in the last decade, a descriptive study about use of these drugs and the survival of patients diagnosed in an advanced stage NSCLC in relation to gender could provide a picture in real-world setting.

Gender difference in cancer

The epidemiology, the natural history of the diseases and the outcomes are gender-specific, but in the daily clinical practice there are still many disadvantages for women. [START_REF] Marino | Nutrition and human health from a sex-gender perspective[END_REF][START_REF]Principles of Gender-Specific Medicine -2nd Edition[END_REF] The differences, or at least some of them, are known, but they are unfortunately often not translated into clinical practice.

For example, the differences in body size and composition (women are usually shorter and thinner than men and have more adipose tissue and less muscle mass than males) have important consequences on the parameters of pharmacokinetic and toxicokinetic of drugs and therefore should be taken into account when determining the dosage of drugs, but even now unfortunately the average dose is set considering a Caucasian man of 70 kg. [START_REF] Franconi | Pharmacogenomics, pharmacokinetics and pharmacodynamics: interaction with biological differences between men and women[END_REF][START_REF] Franconi | Sex and gender influences on pharmacological response: an overview[END_REF] If we analyze what has happened in the recent past, it emerges that preclinical and clinical research has been mainly, if not exclusively, conducted on male subjects. [START_REF] Franconi | Need for gender-specific pre-analytical testing: the dark side of the moon in laboratory testing[END_REF] The application of a sex-gender approach, as well as contributing to the appropriateness and practice of evidence-based medicine, can lead to a reduction in the cost of care. In fact, healthcare costs are higher in women, even after subtracting those related to the birth pathway, [START_REF]Assessing the economic impact of chronic conditions in postmenopausal women[END_REF][START_REF] Gulbins | Gender effects on health care costs in cardiovascular medicine-a black box?[END_REF] perhaps because they receive less appropriate care. [START_REF] Owens | Gender differences in health care expenditures, resource utilization, and quality of care[END_REF] As for anti-cancer therapy, given the growing interest and use of immunotherapy, it should be remembered that there is a distinct immune profile between males and females and this plays an important role in the response to these drugs. 100 Hormonal and genetic differences contribute to the sexual dimorphism of the immune system. The 17β-estradiolestrogen receptor α axis is the main regulator of innate immune populations (17β-estradiol is able to reduce the mobility and inflammatory activity of neutrophils), 101 and as it well known male and female have different hormone profile. The hormonal difference affects both innate and adaptive immune responses, (Figure 4.1), leading to a significant functional diversity between females and males. 

Gender difference in NSCLC Epidemiology features

Among NSCLC, adenocarcinoma is currently the most common subtype both in men and women, but women present with proportionally more adenocarcinomas and fewer squamous cell carcinomas than men. 102,103 As already reported in the introduction section of the thesis (see section 1.1), smoking habits explain the difference in histological distribution, but other genetic and hormonal factors are likely to contribute.

Women and men also present different frequencies about molecular mutations which can be target by drugs (see section 1.4.2). About 15% of all NSCLC presents EGFR mutations: anyway, these are found with higher frequency in women and Asians people. 104,105 ALK translocations are more common among non-smoker patients, non-squamous cancer histologies and at a younger age. In this case, gender conflicting results have been reported. 106,107

Treatment and outcomes

Many studies have shown better overall survival rates in women with early stage lung cancer after surgical resection, both in NSCLC and SCLC. [108][109][110][111][112] A meta-analysis of 39 publications including only studies that compared overalls survival data for men and women for a total of about 75,000 patients, reported that survival of women was significantly better than the survival of men. 113 Moreover women have also a significantly longer survival than men independently from stage and treatment or age at diagnosis. 114 As for SCLC patients an improved benefit from chemotherapy has been observed for women compared to men. 115,116 However, in advanced NSCLC available literature is controversial. 117,118 Women reported a greater toxicity from certain standard chemotherapy drugs, 118 but the choice of chemotherapy is currently not influenced by the patient's sex. As for immunotherapy, the analysis of overall survival carried out across patient subgroups in the pivotal studies of nivolumab and pembrolizumab did not report a significant difference in the hazard ratio between women and men. 119,120 Since the beginning target therapy use in NSCLC patients, the female gender was associated to better drug activity to EGFR inhibitors, and then this variable was lost in the large amount of data involving genetic aberrations used in the current context of precision medicine in NSCLC and the gender was missed as variable. Precision medicine has revealed that the genomics could represent the axis of drugs prescription; however, there are classic prognostic variables that can be taken in consideration for precision medicine. Gender is one of the oldest prognostic variables in oncology that is being more and more left behind in the current research. 121

Study objectives

The scoping review highlighted a paucity of studies conducted in Europe, and without taking gender as stratification variable. Moreover, the NSCLC-case finding algorithm demonstrated good validity measures and was considered suitable for pharmacoepidemiology studies. We decided to describe the drug utilization and the survival of patients with a non-resectable, primary NSCLC with gender perspective. We take the decision to study only non-resectable NSCLC patients because are those for which pharmacotherapies in the last decade was revolutionized.

Thus, the study objective was to describe the drug utilization and the survival of patients with a non-resectable, primary NSCLC also including a gender perspective. A protocol was written and submitted to the EU PAS register of the European Network of Centers for Pharmacoepidemiology and Pharmacovigilance (EUP PAS register number EUPAS36692).

Introduction

Lung cancer is the most diagnosed cancer in the world. It represents 14.5% of total cancer cases in men and 8.4% in women, being the leading cause of cancer death in men (22.0%). As a result of the reduction in the smoking habit in men and the increase in women, in recent years there has been a marked reduction in the incidence of this cancer in men, amounting to -1.6% per year, while in women there has been an average increase of 1.7% per year. [START_REF] Del Polmone - | AIOM[END_REF]122 Based on histological characteristics, the World Health Organization divides lung cancer into two classes: SCLC and NSCLC. The latter represents 85% of all cases of lung cancer and its diagnosis is usually based on diagnostic imaging (chest X-ray and computed tomography), and the anatomopathological evaluation of a biological sample. [START_REF] Del Polmone - | AIOM[END_REF] The two main histological subtypes of NSCLC are: squamous and non-squamous carcinoma (mainly adenocarcinoma and large cell carcinoma). According to epidemiological data, the latter subtype is proportionally much more frequent in women than in men. 123 Regardless of histological type, in the early stages of the disease the NSCLC shows no obvious clinical symptoms, and the first-choice treatment is the surgical resection of the neoplastic tissue. However, it often happens that the diagnosis of NSCLC is done when the tumor is already advanced or metastatic and therefore no longer eligible for surgical resection and so drug treatment becomes the first therapeutic choice.

During the last decade, the pharmacological treatment of non-resectable NSCLC, has undergone a real revolution thanks to the licensing of different innovative antineoplastic medications, namely target therapy and immunotherapy drugs. [START_REF] Del Polmone - | AIOM[END_REF] The first target therapy, gefitinib, an anti-EGFR drug, was approved in 2009 by EMA, followed by Crizotinib, an ALK inhibitor, in 2012. More recently also immunotherapies like nivolumab (2015) were approved by EMA as second/third line treatment for advanced stage NSCLC, while in 2016 the use of pembrolizumab as first-line treatment was also approved.

Up today, real-world evidence on the utilization of innovative anticancer treatments for NSCLC is still poor, particularly in Europe. [START_REF] Spini | Real-World Utilization of Target-and Immunotherapies for Lung Cancer: A Scoping Review of Studies Based on Routinely Collected Electronic Healthcare Data[END_REF] With this respect, existing electronic healthcare databases that routinely collect information from everyday clinical practice have a tremendous potential for filling such gaps of knowledge. Moreover, the importance of sex and gender as modulator of treatment use and outcomes in cancer patients is still an under-evaluated issue, and the reporting of results by sex in publications need to be reemphasized in oncology. 124 These sources of observational data can be re-used to execute large pharmaco-epidemiological studies to generate evidence on the utilization of anti-cancer medications in the real-word setting by gender. [START_REF] Snyder | THE ROLE OF INFORMATICS IN PROMOTING PATIENT-CENTERED CARE[END_REF][START_REF] Houser | The Impact of Electronic Health Record Usage on Cancer Registry Systems in Alabama[END_REF] Since around two decades, in Tuscany region, in Italy, a region-wide population-based administrative healthcare database collects information on healthcare services reimbursed by the National Health Service and delivered to Tuscan inhabitants (around 3.7 million subjects). Although the administrative healthcare database of Tuscany has been extensively used for pharmacoepidemiological studies, [125][126][127] no experience currently exists in linking patient-level data from the different available registries to the information recorded in the regional pathology registry to describe the utilization of anticancer medications.

The aim of this study was to describe survival and drug utilization of first-line anticancer therapies approved for the treatment of advanced, non-resectable, NSCLC patients in relation to gender by analysing data from the regional administrative database of Tuscany.

Methods

Data sources

Data from the regional administrative database of Tuscany region were used. The database collects longitudinal pseudonymized patient-level information on the utilization of healthcare services reimbursed by the National Healthcare Service and dispensed to all Tuscan inhabitants who are registered with a general practitioner. For each subject registered in the inhabitant registry of the database, demographic data and vital status can be linked to different registries. In particular, the regional pathology registry was used for the identification of patients with NSCLC. This registry contains free-text fields (i.e., pathological diagnosis) and Systematized NOmenclature of human and veterinary MEDicine (SNOMED) codes concerning pathological evaluation reports coming from regional hospitals. Moreover, data from three different registries were used to retrieve information on drug treatments: 1) the Outpatient Drug Dispensings (ODD) registry, which records the specific medicinal product used during outpatient encounters or dispensed for out-of-hospital use (high-cost drugs used during hospitalization are in some cases recorded, although it rarely occurs), 2) the registries of Hospital Discharge Records (HDR) and 3) the Outpatient Encounter and diagnostic procedures Data (OED) in which infusive antineoplastic administration procedures executed during hospitalization and outpatients encounters, respectively, are recorded as either unspecified standard chemotherapy or monoclonal antibody therapy .

Cohort selection

NSCLC cases recorded between January 2009 and June 2019 were extracted from the regional pathology registry through the application of an identification algorithm developed ad hoc for the objectives of the study. As described elsewhere, the algorithm was based on the selection of records containing SNOMED codes and keywords used within the free-text description of the pathological diagnosis. 128 The date of the first record in pathology registry was considered the cohort entry date.

To identify patients who with a primary cancer diagnosis, those with a record of non-pulmonary cancer diagnosis identified in AHD during the five years prior to the cohort entry date were excluded. Underage patients and those with less than two years of look-back in AHD were also excluded. Finally, to select incident cases of primary, non-resectable NSCLC cases, only patients without a lung cancer diagnosis recorded in ADH from three months to five years prior cohort entry and without a record of lung surgery during six months before or after the cohort entry date were retained in the study cohort. The selected cases were subsequently stratified in three sub-cohorts based on NSCLC histology: squamous, non-squamous, or unknown histology.

Statistical analysis

Descriptive analyses were conducted to assess demographic and clinical characteristics of selected NSCLC patients in relation to the histology of NSCLC (squamous, non-squamous, unknown).

Continuous variables were described by means and standard deviation or by median and range while categorical variables were described by patient counts and percentages. Temporal trends of the proportion of patients by first-line treatment received were evaluated using a time series model.

Mann-Kendall test was used to assess the downward or upward statistical significance of the observed trends. R software was used to perform the analyses.

Results

Cohort characteristics and first-line antineoplastic medications

Overall, the case-finding algorithm identified 11,335 patients with NSCLC in the pathology registry of Tuscany region. Of these, a total of 4,393 incident patients with unresectable primary NSCLC were included in the analysis and followed until June 2020. Cohort selection is reported in detail in The time series analysis showed a significant downward trend of the proportion of male with nonsquamous and squamous NSCLC receiving standard chemotherapy (tau = -0.546, p value < 0.001; tau = -0.224, p value =0.040, respectively). Also female with non-squamous NSCLC receiving standard chemotherapy had a significant downward trend (tau = -0.495, p value <0.001) (Figure

4.4).

The time series analysis for target and immuno-therapies was not performed due to the low incidence patients treated with those two categories.

A higher utilization of anti-EGFR therapies in women than men out of the total number of patients treated with target therapies (85.4% vs. 69.6%) was observed (Figure 4.5). Conversely, men receiving treatment with anti-VEGF and anti-ALK was higher than the percentage of women (19.6% vs. 7.0%, and 9.8% vs. 6.3%, respectively). Finally, only a small part of patients had received anti-BRAF drugs (approximately 1% for both sexes). 134 The high rate of untreated patients is mainly due to the advanced stage of the disease and the often poor performance status of patients for which the small benefits expected from the treatment and their potential harms can lead physicians and patients to avoid any anticancer treatment. 135 According to the guidelines for the treatment of NSCLC, identification of activating mutations of EGFR and ALK is recommended. [START_REF] Del Polmone - | AIOM[END_REF] According to literature, 10-13% of Caucasian patients with adenocarcinoma (which represents the most part of non-squamous NSCLC) presents an EGFR activating mutation, 2-7% rearrangements of ALK and 1-4% BRAF mutations. [START_REF] Del Polmone - | AIOM[END_REF]136 In line with these data, about 10% of patients with nonsquamous NSCLC in our study cohort were treated with target therapies. Moreover, as expected from the existing differences between sexes in the expression of EGFR activating mutation, 130,131 women with non-squamous NSCLC in the present study cohort received a first-line target therapy more than twice as frequently as men with non-squamous NSLCL.

During the study period, immunotherapy (e.g. pembrolizumab) was approved as first-line treatment for NSCLC by FDA and EMA. In non-squamous NSCLC, pembrolizumab is reserved to patients not eligible to target therapy, in combination with chemotherapy or as monotherapy, but only in patients with >50% of PD-L1 mutation. It could be conversely used in combination to standard chemotherapy in the squamous ones. Other observational studies that focused on the use of first-line pembrolizumab in NSCLC patients [137][138][139] did not analyze the incidence of use of pembrolizumab in patients with advanced NSCLC. Thus, to our knowledge, the present study estimated for the first time the incidence of use of first-line immunotherapy in non-resectable NSCLC cancer after approval in Italy and showed an increase in its use in both squamous and non-squamous histologies, and in both sexes.

Concerning survival, the present study seemed to show an overall trend of improvement of patient's prognosis over time, which may be in part related to the marketing of novel anticancer drugs. Overall, independently from NSCLC histology and with no specific difference in the characteristics of treated patients between male and female (Table 4 respectively. 140 In the present study, among patients with non-squamous NSCLC that received any anticancer drugs, a better OS was observed in women compared to men; on the other hand, for squamous one, OS was conversely better in men than in women and these results are in line with other studies. 141,142 This study has several strengths. The first is represented by the linkage of different registries from the administrative healthcare database of Tuscany which provided a detailed information at patient-level, treatment information, and cancer histology. The second strength is represented by the use of an ad hoc case-finding algorithm developed and validated for the purpose of this study. The algorithm was shown to have an high PPV (93%). 128 Finally, to the best of our knowledge, this is the first population-based observational study that estimated the incidence of use of immunotherapy as fist-line treatment in patients with non-resectable NSCLC in the real-world clinical practice in Italy. The study has also some limitations. The first concerns the sensitivity of the algorithm used for the extraction of NSCLC cases.

Although it demonstrated a very high PPV, the application of the algorithm to the regional pathology registry was found to be able to identify about the half of the cases of NSCLC occurred in the Tuscan population. 128 However, the distribution of patient characteristics (i.e., histological types) in the present study cohort was line with the epidemiology of the disease, so that the sample of cases identified can be considered representative of the underlying source case population. Secondly, the accuracy of the identification of the first-line pharmacotherapy was not validated. Given the universal healthcare assistance granted to all Italian inhabitants and the extremely high costs associated to NSCLC treatment, the possible impact of private healthcare assistance (which is not tracked in the administrative data used for this study) on exposure misclassification is expected to be negligible. Nevertheless, in some cases we cannot exclude that the date of actual administration of drugs might in some cases differ from the date registered in the administrative databases used for this study.

Finally, two of the databanks used for the identification of drug exposure (HDR and OED), only allowed to identify "unspecified anti-body therapy" which could correspond either to an immunotherapy or a bevacizumab-based target therapy. Nevertheless, patients treated with drugs classified as "unspecified anti-body therapy" represents only 1.0% of the entire cohort.

In conclusion, this study demonstrated that Italian administrative healthcare data can be a valuable tool for the study of drug utilization and survival in oncology field. This study described, over last decade, the introduction of target and immunotherapies for the treatment of patients with non-resectable NSCLC in the clinical practice. Our findings highlighting a different use of target therapies between sexes: in women with non-squamous NSCLC, anti-EGFR medications were the most frequently used target drugs according to the known biomolecular profile of both sexes. Survival of patients in the cohort seemed to slightly improve over the study period, and male and female patients also presented a different survival profile if diagnosed with a squamous or a non-squamous NSCLC. Future studies on this topic will be able to leverage evidence and methodologies from this work to provide a more detailed picture of NSCLC pharmacotherapy utilization (i.e. second-line treatment), safety and effectiveness in real-life, with a special focus on innovative medications and gender.

CHAPTER 5. Thesis conclusion and perspectives

All the primary objectives of this thesis were investigated, and we provided results that could be the basis for further works. Here we discuss the results of the presented studies, taking into consideration future prospective of this thesis.

Review of the existing literature

The aim of this study was to provide a structured overview of the available studies using routinely collected electronical healthcare data to facilitate the design and benchmark of future works on this topic.

From this study we understood that -unless big electronical healthcare records are availablea record linkage between different data types usually gives complementary information to correctly characterized oncologic patients. Administrative/claims data usually do not record clinical information, such as tumor stage, histology, or gene mutations, which are crucial for studying drug utilization patterns and outcomes in cancer patients. Despite medical/health records were the most frequently used source of information for assessing drug exposure, administrative/claims data can be used to track this information.

This study also highlighted a paucity of studies performed in Europe. This is probably because in regions other than North America, healthcare data are often scattered in different and heterogeneous databases, so that the performing studies on rare events that requires information from different healthcare settings, as in the case of lung cancer, remains a challenge. Few evidence also concerned immunotherapies, and in particular when they are used as first-line pharmacotherapy. Such paucity of literature is mostly due to the recent approval of these class of anticancer medications for such indication: pembrolizumab was the first immunotherapy approved for first-line treatment of advanced NSCLC in 2017.

Notably, no study reporting drug utilization evidence concerning SCLC patients was found.

Given the very low prevalence of SCLC, rcEHD has the potential of playing an important role evidence on validity demonstrated the final version of the NSCLC-finding algorithm designed and tested in this study can be considered suitable for epidemiology and pharmacoepidemiology studies. Other available pathology registries in other Italian regions should be investigated to understand the reproducibility of this algorithm, and its validity measures. This would allow the retrieval of a far larger number of patients with NSCLC to be included in a unique cohort, to perform further studies on drug utilization and survival in patients with NSCLC.

Study using the administrative database of the Tuscany region

Drug utilization study

While in the scoping review most part of the included studies investigated the drug utilization of innovative drugs in relation to histology, only few studies reported some of the presented result stratified by sex.

One of the aims of last study of this thesis was to describe drug utilization of first-line anticancer therapies approved for the treatment of advanced, non-resectable, NSCLC patients in relation to gender by analysing data from the regional administrative database of Tuscany.

We found that during the study period, the proportion of patients who did not receive any drug treatment in the four months following cohort entry was stable and concerned about 1/3 of patients with NSCLC whatever the histology. The high rate of untreated patients could mainly be due to the advanced stage of the disease and to the often too poor performance status of patients for which the small benefits expected from the treatment and their potential harms can lead physicians and patients to avoid any anticancer treatment.

In this study we found that, in line with epidemiological data, about 10% of patients with nonsquamous NSCLC in our study cohort were treated with target therapies. Moreover, as expected from the existing differences between sexes in the expression of EGFR activating mutation, women with non-squamous NSCLC in the present study cohort received a first-line target therapy more than twice as frequently as men with non-squamous NSCLC.

This study is to the best of our knowledge, the first study assessing the incidence of first-line pharmacotherapies in patients with non-resectable, primary NSCLC in Italy. This could provide important information for the scientific community for the benchmarking of the results, and for the health authorities to understand the pattern of use of these drugs in a real word setting which is further changing and evolving in NSCLC patients. Only in 2021 (at October), six novel target/immunotherapies are approved by FDA for the treatment of advanced NSCLC. 143 This study could be replicated over the years for the characterization of the users in treatment with pharmacological treatments and to discover the different use of these drugs in relation to important prognostic variables, such as gender. Of course, an implementation of the present study could be performed in order to understand also the switch to other pharmacological treatments and the pattern of the second-and further treatment line.

Survival

After drug utilization, the other aim of last study of this thesis was to describe the survival of first-line anticancer therapies approved for the treatment of advanced, non-resectable, NSCLC patients in relation to gender by analysing data from the regional administrative database of Tuscany.

Despite the five-years survival of these patients remained low, this work suggests that survival of patients with non-resectable NSCLC receiving a first-line of treatment was slightly improved in the last decade. This could be at least in part due to an added benefit of first-line treatments available for eligible patients with non-resectable NSCLC. This work also highlighted difference in the survival between men and women on the basis of NSCLC histology (squamous and non-squamous). The two histology of NSCLC, squamous and non-squamous, differed on the basis of druggable mutations by target therapies. This in turn could explain the different survival between men and women on the basis of histologies, given that women had a different NSCLC biomolecular profile when compared to men.

This work provided an up-to-date knowledge about the possible impact of novel pharmacotherapies in the last decade in patients with NSCLC receiving at least a first-line pharmacological treatment. Anyway, given that the benefits of immunotherapy are more evident in the long-term period and that pembrolizumab was approved only in 2017 as a firstline, an update of this study in the next years could be useful to understand the evolution of survival of these patients. Another future prospective of this thesis could regard the evaluation of the incidence of the adverse effects of these drugs, which has not been considered yet. The understanding of the safety profile of these drugs along with their effectiveness in a real word setting could represent a great chance to be taken.

Hospital of Siena (Italy) to describe treatment patterns of patients with non-small-cell lung cancer.
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  l'hôpital universitaire de Sienne entre le 01/01/2009 et le 31/08/2017. Une fois les identifiants des patients anonymisés par l'autorité compétente, la valeur prédictive positive (VPP) de l'algorithme d'identification a été calculée sur la base des résultats d'un examen manuel fait en insu par deux évaluateurs sur les dossiers provenant d'anatomie pathologique de l'hôpital universitaire de Sienne. Tous les cas identifiés comme CPNPC par l'algorithme ont été ainsi liés à la base de données de la pharmacie hospitalière de Sienne, qui contient l'indication d'utilisation attribué par les cliniciens prenant en charge les patients, et qui a été utilisé pour estimer la sensibilité (SE) de l'algorithme. Des modifications de l'algorithme ont ensuite été testées pour en améliorer les performances : la VPP a été calculée par rapport à un ensemble de données validées provenant du PR de Sienne ; la SE [minmax] a été estimée dans le RRAP de Toscane à l'aide de formules analytiques qui supposaient une incidence de CPNPC égale à 80 % ou 90 % de l'incidence globale du cancer du poumon en Toscane, à partir des données du registre des cancers. La version de l'algorithme présentant les meilleures performances a été choisie comme version finale et elle a été testé sur un échantillon aléatoire de 200 cas a été extrait du RRAP de Toscane pour une validation manuelle finale. Dans le RRAP de Toscane, la version finale de l'algorithme présentait une SE qui augmentait avec le temps : entre 24,7 % et 28,0 % en 2009 et entre 57,9 % et 65,1 % en 2017. La VPP était par contre stable au cours du temps avec un valeur totale de 93 %. L'algorithme final de détection des CPNPC a montré une VPP très élevée. La SE, même si avec des valeurs plus basses, a été considérée satisfaisante. Dans la période d'étude nous avons assisté à une amélioration de la transmission des données concernant les cancers des hôpitaux à la région Toscane au cours du temps, avec une tendance claire à l'augmentation au cours du temps calendaire. Étant donné la large utilisation de la terminologie SNOMED dans les rapports d'anatomie pathologique, l'algorithme proposé pourrait être directement adapté à d'autres bases registres d'anatomie pathologique.

  22,3 % entre 2009 et 2011, et de 30,6 % entre 2018 et 2019, tandis que pour les CPNPC squameux, elle était respectivement de 13,5 % et de 22,5 %. Parmi les CPNPC non squameux, la survie médiane était plus longue chez les femmes que chez les hommes (389 jours et 276 jours). Une augmentation de la survie globale et à 5 ans comparable a été ainsi retrouvé. Cette étude a démontré que les données administratives de la région Toscane peuvent constituer un outil précieux pour étudier l'utilisation des médicaments anticancéreux et pour évaluer la survie des patients dans le domaine du cancer du poumon. En particulier, cette étude décrit les traitements en première intention des thérapies ciblées et des immunothérapies chez des patients atteints de CPNPC non résécable en vie réelle. Nos résultats mettent en évidence une utilisation différente des thérapies cibles entre les sexes : chez les femmes atteintes de CPNPC non squameux, les médicaments anti-EGFR étaient les thérapies ciblées les plus fréquemment utilisées. La survie des patients de la cohorte s'est améliorée au cours de la période d'étude, et les patients masculins et féminins présentent également un profil de survie différent selon qu'ils sont diagnostiqués avec un CPNPC squameux ou non squameux. Perspectives L'algorithme d'identification des cas de CPNCP dans le RRAP de la région Toscane s'est démontré prometteur et adaptée à la conduite d'études épidémiologiques et pharmacoépidémiologiques. Autres RRAP disponibles dans d'autres régions italiennes devraient être étudiés pour comprendre la reproductibilité de cet algorithme et ses mesures de validité. Cela permettra de collecter un plus grand nombre de patients atteints de NSCLC, et donc d'étendre l'étude d'utilisation à une cohorte plus grande.
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 11 Figure 1.1. Age standardized incidence rates by sex for lung cancer among men and women in 2020. Source GLOBOCAN 2020 Source: Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021: 71: 209-249
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 12 Figure 1.2. Adenocarcinoma is the most common lung cancer and arises in the distal airway. Squamous cell carcinoma and SCLC arise in the proximal airway. Large cell carcinoma also arises in the distal airway Source: Abe Y, Tanaka N. The Hedgehog Signaling Networks in Lung Cancer: The Mechanisms and Roles in Tumor Progression and Implications for Cancer Therapy. Biomed Res Int. 2016; 2016:7969286
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 1314141 Figure 1.3. The eight edition TNM stage classification for lung cancer Source: Detterbeck FC. The eighth edition TNM stage classification for lung cancer: What does it mean on main street? J Thorac Cardiovasc Surg. 2018 Jan;155(1):356-359
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 14 Figure 1.4. Frequency of molecular mutations in lung adenocarcinomas Source: Hirsch FR, Scagliotti GV, Mulshine JL, Kwon R, Curran WJ Jr, Wu YL, Paz-Ares L. Lung cancer: current therapies and new targeted treatments. Lancet. 2017 Jan 21;389(10066):299-311
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 15 Figure 1.5. EGFR pathway to cell proliferation survival and migration of the tumor Source: Hsu PC, Jablons DM, Yang CT, You L. Epidermal Growth Factor Receptor (EGFR) Pathway, Yes-Associated Protein (YAP) and the Regulation of Programmed Death-Ligand 1 (PD-L1) in Non-Small Cell Lung Cancer (NSCLC). Int J Mol Sci. 2019 Aug 5;20(15):3821
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 16 Figure 1.6. Schematic illustration of PD-L1 interaction with PD-1 Source: Lingling Z, Jiewei L, Li W, Danli Y, Jie Z, Wen L, Dan P, Lei P, Qinghua Z. Molecular regulatory network of PD-1/PD-L1 in non-small cell lung cancer. Pathol Res Pract. 2020 Apr;216(4):152852

1. 5 approach 1 . 5 . 1

 5151 Therapeutic Early stages: NSCLC and SCLC

Figure 1 . 7 .

 17 Figure 1.7. Treatments for metastatic and resectable NSCLC from 2004 to 2020 approved by FDA Source: Chaft JE, Rimner A, Weder W, Azzoli CG, Kris MG, Cascone T. Evolution of systemic therapy for stages I-III non-metastatic non-small-cell lung cancer. Nat Rev Clin Oncol. 2021 Sep;18(9):547-557 DFS: Disease free survival
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 18 Figure 1.8. Treatment algorithm for stage IV non-squamous NSCLC, molecular tests positive Source: https://www.esmo.org/guidelines/lung-and-chest-tumours/clinical-practice-living-guidelinesmetastatic-non-small-cell-lung-cancer NSCC: Non Squamous Cell Carcinoma; []: Number, Letters in the parenthesis indicate the LoE (quality of evidence), and the GoR (quality of evidence and clinical significance/magnitude of benefit or harm), ESMO-Magnitude of Clinical Benefit Scale (MCBS) score; a MCBS score for the combination of bevacizumab with gefitinib or erlotinib; b Not EMA-approved
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 19 Figure 1.9. Treatment algorithm for stage IV Non squamous NSCLC, molecular tests negative Source: https://www.esmo.org/guidelines/lung-and-chest-tumours/clinical-practice-living-guidelinesmetastatic-non-small-cell-lung-cancer Cht: Chemotherapy; NSCC: Non Squamous Cell Carcinoma; BSC: Best supportive care; PS: Performance Status; []: Number, letters in the parenthesis indicate the LoE (quality of evidence), and the GoR (quality of evidence and clinical significance/magnitude of benefit or harm), ESMO-Magnitude of Clinical Benefit Scale (MCBS) score; a In absence of contraindications and conditioned by the registration and accessibility of anti-PD-(L)1 combinations with platinum-based ChT, this strategy will be preferred to platinum-based ChT in patients with PS 0-1 and PD-L1 < 50%. Alternatively, if TMB can accurately be evaluated, and conditioned by the registration and accessibility, nivolumab plus ipilimumab should be preferred to platinumbased standard ChT in patients with NSCLC with a high TMB; b Not EMA-approved
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 110 Figure 1.10. Treatment algorithm for stage IV squamous NSCLC, molecular tests negative Source: https://www.esmo.org/guidelines/lung-and-chest-tumours/clinical-practice-living-guidelinesmetastatic-non-small-cell-lung-cancer BSC: Best supportive care; ChT: Chemotherapy; PS: Performance Status; SCC: Squamous Cell Carcinoma; TMB: Tumor mutational burden; []: Number, letters in the parenthesis indicate the LoE (quality of evidence), and the GoR (quality of evidence and clinical significance/magnitude of benefit or harm), ESMO-Magnitude of Clinical Benefit Scale (MCBS) score; a Molecular testing is not recommended in SCC, except in those rare circumstances when SCC is found in a never-, long-time ex-or light-smoker (< 15 pack-years); b In absence of contraindications and conditioned by the registration and accessibility of anti-PD-(L)1 combinations with platinum-based ChT, this strategy will be preferred to platinum-based ChT in patients with PS 0-1 and PD-L1 < 50%. Alternatively, if TMB can accurately be evaluated, and conditioned by the registration and accessibility, nivolumab plus ipilimumab should be preferred to platinum-based standard ChT in patients with NSCLC with a high TMB; c Not EMA-approved
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 111 Figure 1.11. Treatment algorithm for SCLC in patients with extensive-stage disease (i.e. stage IV or stage III SCLC not eligible for curative treatment) Source: https://www.esmo.org/guidelines/lung-and-chest-tumours/small-cell-lung-cancer BSC, best supportive care; ChT, chemotherapy; G-CSF, granulocyte colony-stimulating factor; IO, immunotherapy; MCBS, ESMO-Magnitude of Clinical Benefit Scale; MRI, magnetic resonance imaging; PCI, prophylactic cranial irradiation; PS, performance status; RT, radiotherapy; SCLC, small-cell lung cancer. a ESMO-MCBS v1.1 score for new therapy/indication approved by the EMA or FDA. The score has been calculated by the ESMO-MCBS Working Group and validated by the ESMO Guidelines Committee. b Carboplatin may be replaced by cisplatin in patients

Figure 1 .

 1 Figure 1.12 shows the number of new trials on immunotherapies (PD-1/PD-L1 monoclonal antibodies) started per year by different advanced cancer from 2006 to 2018. 52

Figure 1 . 12 .

 112 Figure 1.12. The evolution of new trials started per year by different cancer types Source: https://www.cancerresearch.org/en-us/scientists/immuno-oncology-landscape/pd-1-pd-l1-landscape Cancer types with approved PD-1/PD-L1 monoclonal antibodies have shown either decrease of new trials (e.g., melanoma and kidney cancer) or slow growth per year recently (e.g., lung cancer and breast cancer).All other trials were grouped to either "Other cancers" when the tested cancer type has no approved PD-1/PD-L1 monoclonal antibodies, or "all advanced cancer" when the trials recruited all cancer types or did not specify cancer types to be tested
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 113 Figure 1.13. The growth of landscape of PD-1/L1 mAb clinical trials from 2017 to 2020 Source: https://www.cancerresearch.org/en-us/scientists/immuno-oncology-landscape/pd-1-pd-l1-landscape PDx: (PD-L1/PD-1); 4,400 clinical trials are in the current landscape as of September 2020, nearly tripling since in September 2017. FDA-approved monoclonal antibodies include pembrolizumab, nivolumab, durvalumab, atezolizumab, avelumab, and cemiplimab. Other PDx (PD-L1/PD-1) include monoclonal antibodies approved by regulatory agencies other than the FDA such as the EMA as well as those in clinical development and not yet approved

  Link to publication: https://www.mdpi.com/1660-4601/18/14/7679 Link to supplementary materials: https://www.mdpi.com/1660-4601/18/14/7679/s1 3 CHAPTER 3.
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 31 Figure 3.1. Score of current use of SNOMED CT in Europe per country (2016) Source: https://cordis.europa.eu/project/id/643818/results/it IHTSDO: International Health Terminology Standards Development Organization; In the report, the large majority of respondents (> 60%) claimed that in their country, SNOMED CT has a very limited use or it is not used at all.  non-IHTSDO member countries that have a very limited SNOMED CT usage (or less) [red]  IHTSDO member countries like Denmark, Netherlands, Malta and Sweden in which SNOMED CT is limitedly used. Finland is border line between this two classes [green]  the United Kingdom (England) that is the only one in which SNOMED CT is substantially used in some contexts and domains [gold]

  PPV of the final version of the algorithm in the general Tuscan population was estimated in the pathology registry of Tuscany. A random sample of 200 cases retrieved from 2009 to 2019 was extracted and manually validated by one researcher (AS) who consulted two other experts (PR and CB) for resolving any doubt on the assessment.

  NOT Morfo_K_neuroend) AND (Topog_1 AND NOT Topog_Upper_airways) *Chosen as final version of the algorithm The two algorithm modifications showed similar results in terms of PPV and SE. The algorithm modification with the best performance showed a PPV of 87.9% and an increasing sensitivity over the years (Figure 3.2): in 2009 SE range was [min=24.9%-max=28.0%] while in 2017 SE range was [min=57.9%-max=65.1%].
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 41 Figure 4.1. Immune system differences in adaptive and innate response between the sexes Source: Capone I, Marchetti P, Ascierto PA, Malorni W, Gabriele L. Sexual Dimorphism of Immune Responses: A New Perspective in Cancer Immunotherapy. Front Immunol. 2018 Mar 21;9:552

Figure 4 . 2 .

 42 Figure 4.2.
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 42 Figure 4.2. Flow chart of patient selection
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 4343 Figure 4.3. Distribution of first-line treatments per year of cohort entry: Panel A) Non-squamous NSCLC; Panel B) Squamous NSCLC
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 44 Figure 4.4. Times series analysis Percentage of untreated patients (grey) and of those receiving standard chemotherapy (yellow) during the study period per calendar quarters; Panel A1) Non-squamous NSCLC, Male; Panel A2) Non-squamous NSCLC, Female; Panel B1) Squamous NSCLC, Male; Panel B2) Squamous NSCLC, Female *Statistically significant
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 46 Figure 4.6. Gender-related survival of patients with non-squamous and squamous NSCLC treated with a first-line pharmacotherapy
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Table 1 .1. Anti-EGFR drugs approved by EMA for NSCLC

 1 

	Drugs	Indication	Posology	Approval date EMA
	Erlotinib Tarceva	EGFR+, Advanced metastatic NSCLC	150 mg, os daily	3 November 2005, second-line 14 November 2011, first-line
	Gefitinib Iressa	EGFR+, Advanced metastatic NSCLC	250 mg, os daily	24 June 2009
		EGFR+, Advanced		
	Afatinib Giotrif	metastatic NSCLC Advanced metastatic	40 mg, os daily	25 September 2013
		NSCLC, squamous histology		
		EGFR+, Advanced		
	Osimertinib Tagrisso	metastatic NSCLC EGFR+, T790M mutation,	80 mg, os daily	02 February 2016
		Advanced metastatic NSCLC		
	Dacomitinib Vizimpro	EGFR+, Advanced metastatic NSCLC	45 mg, os daily	25 June 2019

Table 1 .3. Anti-BRAF drugs approved by EMA for NSCLC

 1 [START_REF] O'leary | Targeting BRAF mutations in non-small cell lung cancer[END_REF] In patients with NSCLC, BRAF mutations occur in approximately 2-4% of patients with lung adenocarcinoma.[START_REF] Khunger | Dabrafenib in combination with trametinib in the treatment of patients with BRAF V600-positive advanced or metastatic non-small cell lung cancer: clinical evidence and experience[END_REF] Recently the Food and Drug Administration (FDA) and the European Medicines Agency (EMA) approved the use of a BRAF inhibitor, dabrafenib in combination with trametinib, in patients with NSCLC with a BRAF V600E mutation (Table1.3).[START_REF] Del Polmone - | AIOM[END_REF] 

	Drugs	Indication	Posology	Approval date EMA
	Crizotinib Xalkori	ALK+, Advanced metastatic NSCLC ROS1+, Advanced metastatic NSCLC	250 mg, os two times each day	23 October 2012
	Ceritinib Zykadia	ALK+, Advanced metastatic NSCLC previously treated with crizotinib	450 mg, os daily	06 May 2015
		ALK+, Advanced metastatic NSCLC		
	Alectinib Alecensa	ALK+, Advanced metastatic NSCLC	600 mg, os two times each day	16 February 2017
		previously treated with crizotinib		
	Brigatinib Alunbrig	ALK+, Advanced metastatic NSCLC previously treated with crizotinib ALK+, Advanced metastatic NSCLC	90 mg, os daily in the mg daily first 7 days, then 180	22 November 2018
	Lorlatinib Lorviqua®	ALK+, Advanced metastatic NSCLC, second-third-line	100 mg, os daily	17 June 2019

Table 1 .4. Anti-VEGF drugs approved by EMA for NSCLC

 1 

	Drugs	Indication	Posology	Approval date EMA
	Bevacizumab Avastin	Advanced metastatic NSCLC, non-squamous histology, in addition to platinum chemotherapy EGFR+, Advanced metastatic NSCLC, non-squamous histology, in combination with erlotinib	7,5 o 15 mg/kg, IV every three weeks 15 mg/kg, IV every three weeks	21 August 2007
		Advanced metastatic NSCLC, non-		
	Nintedanib Vargatef	squamous histology, in combination with docetaxel after previous	200 mg, os two times each day	08 January 2015
		chemotherapy with platinum		
		EGFR+, Metastatic NSCLC, in combination	10 mg/kg, IV every	
		with erlotinib	two weeks	
	Ramucirumab Cyramza	Advanced metastatic NSCLC, in combination with docetaxel, after previous chemotherapy with platinum	10 mg/kg, IV every three weeks.	25 January 2016

Table 1 .5. Immune checkpoint inhibitors (immunotherapy) approved by EMA for NSCLC

 1 

	Drugs	Indications

Advanced or metastatic non-squamous NSCLC, without activating EGFR mutations or ALK rearrangements, in combination with pemetrexed and platinum-containing chemotherapy, first-line Advanced or metastatic NSCLC, squamous, in combination with carboplatin and paclitaxel or nabpaclitaxel, first-line PD-L1 ≥ 1 %, Advanced or metastatic NSCLC, in monotherapy, second-line

Table 3 .1. Components of the first version of the algorithm used for the identification of NSCLC cases in the pathology registry of Siena*

 3 

* First version of the algorithm corresponded to the intersection of the two components reported in the table, i.e. Morpho_1 AND Topog_1.

Table 3 .2. Manual validation results of first version of the algorithm

 3 

	Population	Malignancy:	Topography:	Morphology:	Origin:
		Malignant tumor, n (%)	Lung, n (%)	NSCLC, n (%)	Primary, n (%)
	n=2003 patients from the	Yes: 1992 (99.46%)	Yes: 1754	Yes: 1836 (91.66%)	Yes: 995 (49.67%)
	pathology registry of	No: 2 (0.09%)	(87.56%)	No: 93 (4.64%)	No: 292 (14.57%)
	Siena	Maybe: 9 (0.45%)	No: 180 (8.98%)	Maybe: 74 (3.69%)	Maybe: 716
			Maybe: 69		(35.74%)
			(3.44%)		

Table 3 .5. Manual validation results of final version of the algorithm

 3 

	Population	Malignancy:	Topography:	Morphology:	Origin:
		Malignant tumor, n (%)	Lung, n (%)	NSCLC, n (%)	Primary, n (%)
	n=200 patients from	Yes: 200 (100%)	Yes: 190 (95%)	Yes: 200 (100%)	Yes: 34 (17%)
	PR of Tuscany		No: 1 (0.5%)		No: 4 (2%)
			Maybe: 9 (4.5%)		Maybe: 162 (81%)

Table 4 .1. Cohort characteristics

 4 8% vs. 18.5%). The mean age of the overall study cohort was 68,9 years and the age band 70-84 years was the most represented for all histology and genders.Overall, most part of the patients with NSCLC had received a first-line standard chemotherapy (52.6%). Approximately 10% of patients with non-squamous histology received target therapies, while these drugs were used only in few patients with squamous histology (n=5). Overall, 2.5% of

		Non squamous		Squamous		Unknown Histology	Overall
		n=2,793		n=1,559		n=41		n=4,393 (%)
		Women	Men	Women	Men	Women	Men	
		n=1,057 (%)	n=1,736 (%)	n=289 (%)	n=1,270 (%)	n=13 (%)	n=28 (%)	
	Age at cohort entry date,							
		67.5 (11.5)	69.6 (9.7)	70.7 (9.0) 71.8 (9.2)	68.9 (11.1) 70.6 (10.7) 69.8 (10.1)
	mean (SD)							
	Age bands at cohort entry							
	date							
	18-54	144 (13.6)	136 (7.8)	17 (5.9)	67 (5.3)	2 (15.4)	4 (14.3)	370 (8.4)
	55-69	424 (40.1)	671 (38.7)	100 (34.6) 395 (31.1)	3 (23.1)	6 (21.4)	1,599 (36.4)
	70-84	434 (41.1)	856 (49.3)	163 (56.4) 732 (57.6)	8 (61.5)	15 (53.6)	2,208 (50.3)
	85+	55 (5.2)	73 (4.2)	9 (3.1)	76 (6.0)	0	3 (10.7)	216 (4.9)
	Time in the study cohort,	338.0	211.0	201.0	228.0	400.0	134.0	239.0
	median [IQR]	[113 -685]	[72 -533]	[70 -424]	[78 -444]	[140 -750]	[50 -370]	[80 -540]
	First-line pharmacotherapies							
	Standard chemotherapy	526 (49.8)	921 (53.1)	151 (52.2) 694 (54.6)	6 (46.2)	13 (46.4)	2,311 (52.6)
	Target therapies	158 (14.9)	112 (6.5)	3 (1.0)	2 (0.2)	4 (30.8)	0 (0.0)	279 (6.4)
	Immunotherapy	33 (3.1)	52 (3.0)	7 (2.4)	19 (1.5)	0 (0.0)	0 (0.0)	111 (2.5)
	Unspecified anti-body							
		10 (0.9)	23 (1.3)	1 (0.3)	12 (0.9)	0 (0.0)	0 (0.0)	46 (1.0)
	therapy							
	Radiotherapy only	44 (4.2)	105 (6.0)	20 (6.9)	84 (6.6)	1 (7.7)	2 (7.1)	256 (5.8)
	Untreated	286 (27.1)	523 (30.1)	107 (37.0) 459 (36.1)	2 (15.4)	13 (46.4)	1,390 (31.6)
	Concomitant radiotherapy	103 (9.7)	151 (8.7)	18 (6.2)	59 (4.6)	2 (15.4)	0	333 (7.6)
	Diagnostic imaging, yes (%)							
	Tomography	745 (70.5)	1,280 (73.7) 215 (74.4) 973 (76.6)	10 (76.9)	15 (53.6)	3,238 (73.7)
	Radiography	509 (48.2)	875 (50.4)	154 (53.3) 726 (57.2)	7 (53.8)	21 (75.0)	2,292 (52.2)
	SD: Standard deviation; IQR: interquartile range					
	Concerning gender, female patients were more represented in non-squamous than squamous
	histology (37.							

Table 4 .2. Characteristics of patients on the basis of first-line received

 4 

	Non-squamous

uMAB: Unspecified monoclonal antibodies

  ). In patients with non-squamous NSCLC, first-line

	standard chemotherapy decreased from 2009 to 2019, both for women (from 61.7% to 41.1%) and
	for men (from 73.8% to 49.7%) (Figure 4.3 -Panel A). Target therapy was used as first-line for
	non-squamous NSCLC more frequently in women than in men (14.9% vs. 6.5%). First-line
	immunotherapy for non-squamous NSCLC was observed in both sexes: from 5.4% in 2017 to 9.4%
	in 2019 for men and from 1.9% in 2017 to 8.9% in 2019 for women. In patients with squamous
	NSCLC, first-line standard chemotherapy also decreased from 2009 to 2019, both for women
	(60.9% to 50.0%) and for men (57.0% to 45.3%) (Figure 4.3 -Panel B). The use of target therapy
	was negligible in both sexes, while an increase of the use of first-line immunotherapy for squamous
	NSCLC was observed in both sex: from 4.0% in 2017 to 11.3% in 2019 for men and from 0.0% in
	2017 to 25.0% in 2019 for women).

Table 4 .3. Characteristics of patients treated with a first-line by sex

 4 Standard deviation; IQR: interquartile range cancer, with exception of non-Hodgkin lymphoma.133 Also, a National Cancer Data Base study showed comparable rates from 1998 to 2012: among patients with stage IIIB and IV NSCLC, 22.3% and 25.9% of patients did not received any anticancer treatment, respectively.

	Non squamous		Squamous	
	Male	Female	Male	Female

Étude 2) Développer et valider un algorithme de recherche de cas pour l'identification des patients atteints de CPNPC dans le registre régional de pathologie de la région de Toscane. Un algorithme de recherche de cas a été développé pour l'application dans le registre régional de pathologie de la Toscane et a montré une valeur prédictive positive élevée (93%) et une sensibilité croissante au cours de la période d'étude (jusqu'à 65%). L'algorithme a donc été considéré comme adapté pour la conduite d'études pharmaco-épidémiologiques et épidémiologiques. Étude 3) Décrire l'utilisation des thérapies anticancéreuses en première ligne et la survie des patients atteints de CPNPC non résécable au cours de la dernière décennie en Toscane. Une étude descriptive et rétrospective a été menée en utilisant l'algorithme mentionné précédemment pour l'identification des patients atteints de CPNPC. Environ 4 400 patients atteints d'un CPNPC primaire non résécable ont été inclus et l'utilisation des médicaments et la survie ont été évaluées sur la base du sexe et de l'histologie. L'étude a mis en évidence une utilisation différente des thérapies ciblées entre les sexes en fonction du profil biomoléculaire des femmes et des hommes. La survie s'est légèrement améliorée avec le temps et les patients ont également présenté un profil de survie différent par rapport au sexe et les histotypes de CPNPC. En perspective, la cohorte continuera à être suivie et inclura davantage autres patients afin : i) d'analyser les changements de thérapie et les traitements en deuxième intention et ii) d'évaluer le profil de sécurité des nouvelles thérapies chez les patients atteints de CBNPC non résécable.

mg/kg ipilimumab, IV + 360 mg nivolumab, IV every three weeks September
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Thank you for the opportunity you gave to me. I could not have imagined having better supervisors for my PhD study in these hard times. sensitivity in pathology registry of Tuscany that grew with calendar time (2009=[24.7%-28%]; 2017=[57.9%-65.1%]) and a positive predictive value of 93%. Conclusion: The final NSCLCfinding algorithm showed with very high positive predictive value. SE was in line with the expected contribution of pathology registry to overall cases captured in the regional Cancer Registry, with a trend of increase over calendar time. Given the promising algorithm validity and the wide use of SNOMED terminology in electronic pathology records, the proposed algorithm is expected to be easily adapted to other electronic databases for (pharmaco)epidemiology purposes.
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Abstract Purpose: To develop and validate a case-finding algorithm for the identification of NSCLC cases in a region-wide Italian pathology registry. Methods: Data collected between 2009 and 2017 in the pathology registry and the Pharmacy Database of the University Hospital of Siena and the pathology registry of Tuscany region were used. A NSCLC-identification algorithm based on freetext keywords and SNOMED morphology and topography codes was designed and tested on data from Siena: indication for drug use (i.e., NSCLC) was the reference standard for sensitivity; positive predictive value was estimated through manual review. Algorithm modifications were then tested to improve algorithm performance: positive predictive value was calculated against validated dataset from pathology registry of Siena; a range of sensitivity [min-max] was estimated in pathology registry of Tuscany using analytical formulae that assumed NSCLC incidence equal either to 80% or 90% of overall lung cancer incidence recorded in Tuscany. The algorithm modification with the best performance was chosen as the final version of the algorithm. A random sample of 200 cases was extracted from the pathology registry of Tuscany for manual review.

Results:

The first version of the algorithm showed a positive predictive value of 74.7% and sensitivity of 79% in pathology registry of Siena. The final version of the algorithm had a covers the whole Tuscan population and contains all variables available in the pathology registry of Siena, except for molecular characterization.

Design of a case-finding algorithm for NSCLC identification

The first version of the case-finding algorithm for the identification of NSCLC cases was designed by a multi-expertise work group including clinicians from the Pathology Department of the Siena University Hospital, epidemiologists, and information technology experts. The population of cases the algorithm was intended to identify corresponded to the intersection of cases identified by a morphological (Morpho_1) and a topographical component (Topog_1). Morpho_1 was developed to identify histologies that fall within the pathological definition of NSCLC, while Topog_1 aimed at identifying the lung site. For both components, topography, and morphology SNOMED codes together with keywords from the free text diagnosis field were used.

Application and validation of the first version of the NSCLC case-finding algorithm against the training dataset

The first version of the case-finding algorithm was applied to all the records collected in the pathology registry of Siena, i.e. the training dataset, between 01/01/2009 and 31/08/2017. The competent authority assigned the pseudo-anonymized ID to each extracted case in order to allow the linkage to the regional inhabitant registry of Tuscany. Sensitivity (SE) of the algorithm was estimated using the indication for drug use recorded in HPS as the reference standard. Cases labeled as NSCLC by the first version of the algorithm were linked to all patients with a record of an administration of any drug used to treat NSCLC in the HPS database: assuming that SE of the algorithm in the population of patients treated for NSCLC was the same as in the NSCLC general population, the proportion of cases retrieved among patients that received a drug treatment for NSCLC was used as the estimate of SE.

Patients receiving a drug treatment with a recorded NSCLC indication in HPS were 469: among those, 373 were identified by the first version of the algorithm, leading to an estimate of 79,5% for SE.

Refinement of the first version of the NSCLC case-finding algorithm: validation of different algorithm modifications

Manual validation identified SNOMED codes and free-text keywords that were used to design additional algorithm components as exclusion criteria for the improvement of the first version of the algorithm (Table 3.3). (2018-2019), while for squamous-NSCLC was 13.5% and 22.5%, respectively. Among nonsquamous-NSCLC, median survival was longer in women than in men (389 vs. 276 days).

Table 3.3. Additional algorithm components used for algorithm modifications

Conclusion:

Considering sex-related biomolecular differences, among non-squamous-NSCLC women received target-therapy more frequently than men. Survival improved over the study period, for both histologies.

First-line identification

The pharmacological treatment of cancer is rarely represented by the administration of a single anticancer drug but more often it is based on the administration of more than one antineoplastic drug administered during a time frame of theoretically maximum 21 days (i.e., one treatment cycle).

For each patient in the study cohort, the first record of dispensing/administration of any antineoplastic medication observed in ODD, HDR and OED during the four months following the cohort entry date was considered as the start date of the first treatment cycle. All the subsequent record of drug treatment occurred during 21 days following the date of initiation of the treatment cycle were identified. The observed treatment sequences were then grouped in four main treatment categories: standard chemotherapy, target therapy, immunotherapy and therapy based on unspecified monoclonal antibodies (obtained from records of drug administration procedures identified in HDR and OED specific codes).

Patients who had no drug treatment registered within the 4 months following cohort entry were classified as untreated unless a record of radiotherapy was found in HDR and OED.

Survival

Overall survival (OS) of the selected cohort of patients with NSCLC was described. In particular, the survival of patients receiving any first-line pharmacotherapy was observed based on the year of cohort entry and the study cohort was categorized as follows: 2009-2011, 2012-2014, 2015-2017, and 2018-2019.

Survival time of patients receiving a first-line pharmacotherapy was defined as the time between patient's date of first pharmacotherapy and death. A Kaplan-Meier curve was plotted, and the analysis was stratified on patients' histology characteristics (squamous and non-squamous), and gender (male and female). Also, the median OS (CI: 95%), the two-years survival and five-years survival were calculated.

Survival

Concerning non-squamous NSCLC, among patients that received a pharmacological treatment, the median survival was 389 days in women, and 276 days in men.

The two-year survival showed a trend to an increase over time: in 2009-2011 was 30.4% for women and 17.7% for men, while it was 35.5% for women and 26.9% for men in 2018-2019. Also, the five-year survival showed a trend to an increase over time: in 2009-2011 it was 8.5% for women and 3.2% for men, while in 2015-2017 it was 14.7% for women and 8.3% for men ( the study period, especially among women with non-squamous NSCLC. This study also add knowledge on the re-use of data from the pathology registry of the regional AHD of Tuscany that, to the best of our knowledge, was never used before for pharmacoepidemiology purposes. The use of pathology registry allowed to identify patients with NSCLC, also providing information on the specific cancer histology. The characteristics of the included patients are in line with epidemiological data: [START_REF] Del Polmone - | AIOM[END_REF] as expected, non-squamous histology was more frequent than squamous histology on the total of NSCLC cases (70% vs. 30%) and the proportion of women with non-squamous histology was higher than the proportion of those with squamous NSCLC. 129 Concerning drug utilization, this study found that among patients with non-squamous NSLCL women received a first-line target therapy more than twice as frequently as men (14.9% vs.

6.5%

). These data are in line with the frequency of lung cancer mutations in the Caucasian population, where EGFR and BRAF mutations are known to be more frequent in women. 130- 132 During the study period, the proportion of patients who did not receive any drug treatment in the four months following cohort entry was stable and concerned about 1/3 of patients with NSCLC whatever the histology (36% squamous vs. 29% non-squamous). A previous study using the Iowa Cancer Registry reported that more than 20% of patients with advanced NSCLC were untreated and that such percentage was higher than that observed for any other in capturing and studying far larger populations of SCLC patients than those recruited in clinical trials.

Results from this review represent a starting point for future studies on this topic, also highlighting current gaps of knowledge and providing summary of pertinent literature both for study design and for results benchmarking. We used the acquired knowledge from this work for the conduction of the validation and the drug utilization/survival study.

Validation study

The scoping review highlighted that cancer registries when linked to other rcEHD are a valuable data source for the conduction of pharmacoepidemiology studies in lung cancer.

Even if the Tuscany region has a regional cancer registry, unfortunately data from coming this registry could not be linked to other datasources such as administrative data, making it impossible to use it for the purposes of the thesis. Anyway, the administrative database of the Tuscany region has different registries linked among each other's. Among them, a regional pathology registry that collects information about all the inhabitants of Tuscany was not already used for conducting observational studies. The aim of the study was thus to develop and to validate a case-finding algorithm for the identification of patients with NSCLC in a region-wide pathology registry in Italy.

The algorithm was found to have a high PPV (93%) and an acceptable SE (up to 65%) which estimates appeared to increase over the study period and could be considered in line with the share of regional NSCLC cases that are likely to be captured by the pathology registry.

We thus demonstrated the Tuscany pathology registry could be effectively used with other data to provide information on histology that can be used for research purposes.

Given the wide use of SNOMED terminology in electronic pathology reports, the proposed algorithm is expected to be easily adapted to other electronic databases. The promising