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INTRODUCTION

Rearrangements of anaplastic lymphoma kinase gene (ALK) are an oncogenic driver reported in 3-5% of patients with non-small cell lung cancers (NSCLC) [START_REF] Barlesi | Routine molecular profiling of patients with advanced non-small-cell lung cancer: results of a 1-year nationwide programme of the French Cooperative Thoracic Intergroup (IFCT)[END_REF]. Patients with ALK rearrangement (ALK-positive) NSCLC are generally younger, are never or light smokers, with a histology of adenocarcinoma and a high risk of central nervous system (CNS) metastases at diagnosis and progression [START_REF] Shaw | Clinical features and outcome of patients with non-small-cell lung cancer who harbor EML4-ALK[END_REF][START_REF] Toyokawa | Insights into brain metastasis in patients with ALK+ lung cancer: is the brain truly a sanctuary?[END_REF].

Crizotinib was the first ALK tyrosine-kinase inhibitor (TKI) approved for ALK-positive NSCLC. In first-line treatment, crizotinib achieved objective responses rates from 61 to 74% with a median progression-free survival (PFS) of 8-11 months [START_REF] Shaw | Ceritinib versus chemotherapy in patients with ALK-rearranged non-small-cell lung cancer previously given chemotherapy and crizotinib (ASCEND-5): a randomised, controlled, open-label, phase 3 trial[END_REF][START_REF] Camidge | Activity and safety of crizotinib in patients with ALK-positive non-small-cell lung cancer: updated results from a phase 1 study[END_REF][START_REF] Solomon | First-line crizotinib versus chemotherapy in ALK-positive lung cancer[END_REF]. Mechanisms of acquired resistance to crizotinib (alterations in ALK gene or activation of signaling pathways bypassing ALK) explain disease progression in most patients treated with crizotinib [START_REF] Castellanos | Re-Evaluating Progression in an Era of Progress: A Review of First-and Second-Line Treatment Options in Anaplastic Lymphoma Kinase-Positive Non-Small Cell Lung Cancer[END_REF]. The limited CNS penetration of crizotinib is also responsible for intracranial disease progression, which is the most frequent site of relapse. Second-generation ALK inhibitors, namely ceritinib and alectinib, achieved median PFS of 5.7-6.9 months and 8.1-8.9 months, respectively, in patients pretreated with crizotinib [START_REF] Shaw | Ceritinib in ALK-rearranged non-small-cell lung cancer[END_REF][START_REF] Kim | Activity and safety of ceritinib in patients with ALK-rearranged non-small-cell lung cancer (ASCEND-1): updated results from the multicentre, open-label, phase 1 trial[END_REF][START_REF] Crino | Multicenter Phase II Study of Whole-Body and Intracranial Activity With Ceritinib in Patients With ALK-Rearranged Non-Small-Cell Lung Cancer Previously Treated With Chemotherapy and Crizotinib: Results From ASCEND-2[END_REF][START_REF] Shaw | Alectinib in ALK-positive, crizotinibresistant, non-small-cell lung cancer: a single-group, multicentre, phase 2 trial[END_REF][START_REF] Ou | Alectinib in Crizotinib-Refractory ALK-Rearranged Non-Small-Cell Lung Cancer: A Phase II Global Study[END_REF]. However, due to secondary ALK kinase domain resistance mutations (e.g., G1202R mutation) in patients treated by ceritinib or alectinib and previously treated with crizotinib, new ALK inhibitors are required.

Brigatinib is a new ALK inhibitor with a potent activity on many ALK resistance mutations including G1202R mutation, which is inhibitable in vitro and in some patients but perhaps not in all [START_REF] Zhang | The Potent ALK Inhibitor Brigatinib (AP26113) Overcomes Mechanisms of Resistance to First-and Second-Generation ALK Inhibitors in Preclinical Models[END_REF]. A phase II randomized trial included patients with ALK-positive advanced NSCLC and disease progression after crizotinib treatment (69% with brain metastases and 74% with prior chemotherapy) and compared brigatinib 90 or 180 mg/day after a first week at 90 mg/day [START_REF] Kim | Brigatinib in Patients With Crizotinib-Refractory Anaplastic Lymphoma Kinase-Positive Non-Small-Cell Lung Cancer: A Randomized, Multicenter Phase II Trial[END_REF]. Brigatinib yielded confirmed objective response rates (ORRs) of 51% in arm A (112 patients treated at 90 mg daily) and 55% in arm B (110 patients treated at 180 mg daily with a 7-day lead-in at 90 mg, the recommended dosing regimen) per independent 4/18 review committee (IRC). Median progression-free survival (PFS) was 9.2 months in arm A and 16.7 months in arm B, per IRC respectively [START_REF] Ahn | Brigatinib (BRG) in crizotinib (CRZ)refractory ALK+ non-small cell lung cancer (NSCLC): Updates from ALTA, a pivotal randomized phase 2 trial[END_REF]. In patients with measurable brain metastases at baseline, ORR was 42% in 90-mg group and 67% in 180-mg group. Based on the results of the phase II study, the US Food and Drug Administration granted in April 2017 accelerated approval to brigatinib in patients with locally-advanced or metastatic ALKpositive NSCLC who have progressed on or are intolerant to crizotinib. In France, brigatinib was available through an early access program since August 2016 for patients with ALKpositive NSCLC refractory to crizotinib and ceritinib. This program closed on January 21 st , 2018 after the approval of brigatinib by the European Medicines Agency. The primary objective of the BRIGALK study was to assess the efficacy of brigatinib after at least two ALK inhibitors in patients who benefited from this early access program.

PATIENTS AND METHODS

Study design and patients

The BRIGALK study (GFPC 07-2017) was a national retrospective non-interventional study that included patients treated with brigatinib in the French early access program. The objective was to describe in real-world setting the efficacy of brigatinib in patients with advanced NSCLC harboring ALK rearrangement.

The inclusion criteria were the followings: at least 18 years old; advanced NSCLC; ALKpositive NSCLC assessed with in situ hybridization (FISH) and/or immunohistochemistry; previous treatment with at least one ALK inhibitor including crizotinib; treatment with brigatinib in the setting of the early access program from September 1 st , 2016 to January 1 st , 2018.

5/18

The primary objective was to evaluate the investigator-assessed PFS from brigatinib initiation, defined as the time from first dose of brigatinib to first documentation of objective disease progression or to death from any cause. The main secondary objectives were the followings: ORR to brigatinib, overall survival (OS) from brigatinib initiation and from diagnosis of NSCLC; treatment duration and reasons for discontinuation of brigatinib treatment.

The study was conducted in accordance with the Declaration of Helsinki and was approved by the French Advisory Committee on Information Processing in Health Research (CCTIRS). If patients were alive, they received a written information on the study. For deceased patients, an exemption of information was obtained from CCTIRS.

Data collection

Patient data were obtained retrospectively from medical files and included demographics, characteristics of NSCLC, number and localization of metastatic sites, previous treatments, tumor response to brigatinib, resistance mutation before brigatinib initiation or after progression and treatments after progression. Patients were included consecutively in each center according to inclusion criteria without selection.

Statistical analysis

The Kaplan-Meier method was used to estimate PFS and OS for the entire cohort and in defined subgroups according to the number of lines of treatments. Best response to treatment was assessed according to RECIST 1.1 criteria [START_REF] Eisenhauer | New response evaluation criteria in solid tumours: revised RECIST guideline (version 1.1)[END_REF]. The statistical analyses were performed with SAS 9.4 software (SAS Institute, Cary, NC, USA).
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RESULTS

Characteristics of patients at diagnosis of NSCLC

A total of 104 patients were included in 42 centers. Their mean (SD) age was 56.6 (11.5) years and 61.5% were never-smokers (Table 1). NSCLC was adenocarcinoma in 98.1% of patients with stage IV disease in 88.5%. At diagnosis, there was a mean of 3.3 (1.3) metastatic sites; CNS metastases were reported in 28.9% of patients. Overall, patients were in good condition with performance status at 0-1 for 91.6%.

The median time from NSCLC diagnosis and result of ALK translocation test was 21 (range, 0-515) days. Diagnosis of ALK translocation was based in 16% of cases on a positive immunohistochemistry with score 3+, on FISH in 84% of cases (78% of these patients had also positive immunohistochemistry with score 2+/3+). Diagnosis was established mainly on biopsy of the primary tumor (62.0%), mediastinal lymph nodes (11.5%), pleural metastases (9.6%) or extra-thoracic metastases (16.9%).

Treatments before brigatinib initiation

Before brigatinib, patients received a median of 3 lines of treatment. Among the different therapeutic sequences presented in Table 2, the most frequent were two (n= 29) or three lines (n = 43). For the 29 patients who received two lines of treatment before brigatinib, the most frequent sequence was crizotinib-ceritinib (n=24; 82.7%); for the 43 patients who received 3 lines before brigatinib, the most frequent sequence was chemotherapy-crizotinib-ceritinib (n=32; 74.4%). Almost all patients received at least two anti-ALK TKIs before brigatinib (97/104; 93.3%).

First-line treatment was chemotherapy for 62.5% of patients or crizotinib for 36.5% (Table 3). All patients with chemotherapy treatment received a platinum/pemetrexed combination.
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Median duration of chemotherapy was 5.8 (range, 0.1-29.6) months and median duration of crizotinib treatment was 9.2 (range, 0.1-22.2) months.

Second-line treatment was chemotherapy (platinum/pemetrexed) for 18.3% of patients and TKI for the others (crizotinib for 52.9% and ceritinib for 26.9%). Median duration of postchemotherapy treatment was 11.5 months for crizotinib and median duration of postcrizotinib treatment was 3.0 months for ceritinib.

A total of 75 patients received a 3 rd line of treatment (chemotherapy, 13.3%; crizotinib, 8.0% and ceritinib, 77.3%); 32, 18 and 11 patients received a 4 th , 5 th , and 6 th line of treatment, respectively (Table 2).

Radiotherapy was administered before brigatinib to 56.7% (59/104) of patients, most frequently during the first treatment line (47.5%; 28/59). Brain was the main target for radiotherapy (64%; 38/59).

Clinical characteristics at brigatinib initiation

At initiation of brigatinib treatment, performance status was 0-1 for 59.1% of patients (Table 4). More than 40% of them had a PS ≥2 and general symptoms (asthenia or weight loss) for 72%; 51.9% of patients had ≥ 3 metastatic sites and 74.5% and 8.8% had CNS metastases and carcinomatous meningitis, respectively. CNS metastases were active in the majority of cases (51.8%).

A tissue rebiopsy was performed for 33.7% (35/104) of patients (Table 3). Detection of resistance mutations was carried out in 18 cases and G1202R mutation was identified in 4 patients; other mutations found are reported in Table 4.

Almost all patients (95.2%; 99/104) received brigatinib at 90 mg/day for 7 days and then 180 mg/day. The 180-mg dose was reduced to 90 mg for 9 (8.8%) patients and 10 (9.6%) had permanent treatment discontinuation due to intolerance or patient request. 8/18

Efficacy of brigatinib in entire population

The date of primary data cut-off was June 30, 2018. Median PFS from initiation of brigatinib was 6.6 (95% CI, 4.8-9.9) months with a median OS of 17.2 (95% CI, 11.0-not reached) months (Figure 1).

For patients who received 2, 3-4 and >4 lines of treatment, median PFS was 4.3 (95% CI, 2.5-8.9), 10.4 (95% CI, 5.9-13.9) and 3.8 (95% CI, 0.8-7.4) months, respectively (Figure 2).

For the 91 evaluable patients, the disease control rate was 78.2% (stable disease, 28.2%; partial response, 45.7%; complete response, 4.3%). Median duration of brigatinib treatment was 6.7 (range, 0.06-20.7) months.

Among the 68 patients with progressive disease after brigatinib, CNS was involved in 29.4% of cases (including new lesions for 5 and carcinomatous meningitis for 5). Brigatinib treatment was continued beyond disease progression in 25% (17/68) of patients in combination with local treatment in 53% (9/17) of them.

During post-brigatinib progression, 15% (12/68) of patients had a rebiopsy (one mutation G1202R and one mutation D1203N were reported). A systemic treatment was administered to 52% (35/68) of patients after brigatinib (lorlatinib, n=25; crizotinib, n=1; chemotherapy, n=7) and 13% (9/68) had a second subsequent treatment line after brigatinib (lorlatinib, n=5, chemotherapy, n=4). Eight patients benefited from stereotactic brain radiation therapy.

Median OS from the diagnosis of NSCLC was 75.3 months (95% CI, 38.2-174.6) (Figure 2).

DISCUSSION

This retrospective study shows that brigatinib exhibits clinical activity in a cohort of patients heavily pretreated with at least two ALK inhibitors. The median PFS and OS from brigatinib initiation were 6.6 months and 17.2 months, respectively. ORR and disease control rate were 9/18 50.0% and 78.2%, respectively, consistently with the results of the 180-mg arm of the phase II study of Kim et al, which included crizotinib-refractory ALK-positive NSCLC patients (ORR, 54%; disease control rate, 84%) [START_REF] Kim | Brigatinib in Patients With Crizotinib-Refractory Anaplastic Lymphoma Kinase-Positive Non-Small-Cell Lung Cancer: A Randomized, Multicenter Phase II Trial[END_REF]. PFS appeared to be lower compared to the 180-mg arm of this clinical trial (6.6 vs. 12.9 months). However, patients in our cohort were more heavily pretreated and had a poorer condition with 40.9% of patients with PS ≥ 2. In the phase II trial, patients with any prior TKI other than crizotinib were not included and only 6% of the patients enrolled had a PS ≥ 2. In our study, PFS under brigatinib differed not consistently according to the number of pre-brigatinib lines. The retrospective design of the study and the small number (n = 29) in the subgroup of patients who received two previous lines of treatment do not allow conclusions to be drawn about the observed results. This subgroup consisted of patients who predominantly received crizotinib and ceritinib (n = 24). The PFS values should be taken with caution because 5 patients had less than one month of brigatinib and 8 are censored because they were still under treatment at the date of analysis.

CNS metastases are frequent in ALK-positive patients. In this cohort, 28.9% of patients had CNS metastases at diagnosis and 74.5% at brigatinib initiation (8.8% had carcinomatous meningitis). Among the 68 patients with disease progression after brigatinib initiation, CNS location was at the forefront in 29.4% of cases, thus suggesting a high efficacy of brigatinib on CNS metastases. This has been demonstrated in an exploratory analysis of brigatinib efficacy in ALK-positive NSCLC patients with brain metastases included in a phase II trial [START_REF] Camidge | Exploratory Analysis of Brigatinib Activity in Patients With Anaplastic Lymphoma Kinase-Positive Non-Small-Cell Lung Cancer and Brain Metastases in Two Clinical Trials[END_REF]. In patients with measurable brain metastases treated with 90 mg/day first week followed by 180 mg/day, a confirmed intracranial ORR of 67% (95% CI, 41-87) and a median intracranial PFS of 18.4 months (95% CI, 12.8-not reached) were reported. About 5% of non-squamous NSCLC are ALK positive and therefore data from large series are rarely reported. To our knowledge, our cohort is the first one to present real-life data on sequential strategy in patient who received at least three ALK inhibitors even though data 10/18 were limited. A previous study of Solomon et al reported a phase II trial in different cohorts of patients with ALK-positive or ROS1-positive advanced NSCLC treated with lorlatinib [START_REF] Solomon | Lorlatinib in patients with ALK-positive non-small-cell lung cancer: results from a global phase 2 study[END_REF]. Thus, the cohort EXP4-5 included 111 ALK-positive patients pretreated with 2 or 3 ALK TKI inhibitors (including the second-generation drugs ceritinib, alectinib and brigatinib) with or without chemotherapy. ORR was 38.7% (intracranial ORR, 48%) and disease control rate was 73%; PFS was 6.9 (95% CI, 5.4-9.5) months [START_REF] Solomon | Lorlatinib in patients with ALK-positive non-small-cell lung cancer: results from a global phase 2 study[END_REF]. These results are also consistent with those of our study.

ALK inhibitors are now considered as the standard of care in patients with ALK-positive NSCLC. Some questions remain unanswered about the optimal sequential therapy with different ALK inhibitors. The benefit of a sequential strategy has been evidenced in different studies. The PROFILE 1014 phase III study compared first-line crizotinib vs. chemotherapy in ALK-positive NSCLC patients [START_REF] Solomon | Final Overall Survival Analysis From a Study Comparing First-Line Crizotinib Versus Chemotherapy in ALK-Mutation-Positive Non-Small-Cell Lung Cancer[END_REF]. The longest OS was obtained for crizotinib-treated patients who received a subsequent ALK TKI, thus indicating the benefit of sequential strategy with ALK TKIs. The French retrospective CLINALK study performed in a large population of unselected patients with ALK-positive NSCLC was also in favor of a sequential strategy. After progression on crizotinib treatment, patients received either best supportive care, subsequent drug other than next-generation ALK inhibitors or next-generation ALK inhibitors. Better survival outcomes were reported for patients with next-generation ALK inhibitors: median OS from progression was 25.0 months vs. 6.4 months for drugs other than next-generation ALK inhibitors and 1.5 months for best supportive care [START_REF] Duruisseaux | Overall survival with crizotinib and next-generation ALK inhibitors in ALK-positive non-small-cell lung cancer (IFCT-1302 CLINALK): a French nationwide cohort retrospective study[END_REF]. It is also important to underline that about half (51.5%) of patients in our cohort with progression received a systemic treatment post brigatinib (most often lorlatinib).

The recent results of the ALEX and ALTA-1L studies have challenged the current sequential strategy with ALK inhibitors [START_REF] Camidge | Brigatinib versus Crizotinib in ALK-Positive Non-Small-Cell Lung Cancer[END_REF][START_REF] Peters | Alectinib versus Crizotinib in Untreated ALK-Positive Non-Small-Cell Lung Cancer[END_REF]. These studies included TKI untreated patients with advanced ALK-positive NSCLC and compared next-generation frontline ALK TKIs to 11/18 crizotinib. In the ALEX study, the rate of PFS at 12 months was significantly higher with alectinib than with crizotinib (68.4% vs. 48.7%, respectively); 12% of patients in the alectinib group had an event of CNS progression and 45% in the crizotinib group [START_REF] Peters | Alectinib versus Crizotinib in Untreated ALK-Positive Non-Small-Cell Lung Cancer[END_REF]. In the ALTA-1L study, the rate of PFS at 12 months was higher with brigatinib than with crizotinib (67% vs. 43%, respectively) [START_REF] Camidge | Brigatinib versus Crizotinib in ALK-Positive Non-Small-Cell Lung Cancer[END_REF]. ORR was 71% with brigatinib and 60% with crizotinib; the rates of intracranial response in patients with measurable lesions were 78% and 29%, respectively. Therefore, the strategy with a next generation ALK inhibitor in frontline showed its clear superiority to crizotinib, especially for the risk of CNS progression. However, data from realworld studies and indirect analyses assessing sequential strategy starting with crizotinib and new inhibitors as first line treatment are needed. In this study, only one patient received brigatinib after alectinib and three patients after lorlatinib and at least after three therapeutics sequences. This did not allow definitive conclusions to be drawn about the efficacy of brigatinib after first-line alectinib.

Detection of ALK acquired resistance mutations in patients progressing during ALK TKI treatment is not recommended today in France, outside of clinical trials. For this reason, only a small proportion of patients benefited from tissue rebiopsy or liquid biopsy. However, such information may be valuable in determining the optimal choice of next-generation TKIs, which have different activity against distinct mutations. When rebiopsy of the progressing site is not feasible, comprehensive testing such as a next-generation sequencing panel using circulating tumor DNA can provide information on ALK resistance mutations, but also on other molecular mechanisms of resistance for which the patient may receive treatment either through a clinical trial or expanded access [START_REF] Rolfo | Liquid Biopsy for Advanced Non-Small Cell Lung Cancer (NSCLC): A Statement Paper from the IASLC[END_REF]. Given the small number of patients who had a re-biopsy before brigatinib and the low number of mutations highlighted, it is difficult from the data of this study to assess the relevance of this research on the adaptation of anti-ALK treatments.
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Our study has some limitations. Data were not recorded prospectively, but were obtained from patient medical records. Therefore, we cannot exclude some selection biases. The efficacy of treatment was assessed by the investigator and there was no independent review committee; a bias associated with investigator assessment cannot be discarded. In this real-life study, it was not always possible to have a complete information from medical records in some patients. This was the case, for example, for patients who had a dose reduction or for those who stopped brigatinib before progression. One of the strengths of the study is the absence of stringent criteria for study inclusion. As a consequence, the study population is representative of real-life patients heavily treated for advanced NSCLC.

In conclusion, this study confirms the efficacy of brigatinib in a cohort of patients heavily pretreated for ALK-positive advanced NSCLC. These real-life results are consistent with clinical data reported in randomized trials. 
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 1 Figure 1. PFS (A) and OS (B) since initiation of brigatinib treatment.
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 2 Figure 2. PFS since initiation of brigatinib according to the number of previous lines of treatment (A) and OS from the diagnosis of NSCLC (B).
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