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Introduction

Intensive and inappropriate antibiotic use leads to the emergence and spread of antimicrobial resistance [START_REF] Ventola | The antibiotic resistance crisis: part 1: causes and threats[END_REF]. The estimated number of infections related to antibiotic-resistant bacteria in 2015 in Europe was over 670,000, resulting in more than 33,000 deaths [START_REF] Cassini | Attributable deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and the European Economic Area in 2015: a population-level modelling analysis[END_REF]. The World Health Organization therefore adopted a global action plan to address antimicrobial resistance, with 5 main objectives among which: "to optimize the use of antimicrobial medicines in human and animal health and to develop the economic case for sustainable investment that takes account of the needs of countries and to increase investment in new medicines, diagnostic tools, vaccines, and other interventions." [START_REF]Global action plan on antimcrobial resistance[END_REF].

To ensure prevention and treatment of infectious diseases, effective antimicrobials are key [START_REF]Global action plan on antimcrobial resistance[END_REF].

Dalbavancin is a semisynthetic lipoglycopeptide antibiotic that is derived from teicoplanin and disrupts the bacterial cell wall synthesis, resulting in cell death [START_REF] Smith | Dalbavancin: A Novel Lipoglycopeptide Antibiotic with Extended Activity Against Gram-Positive Infections[END_REF]. Its prolonged half-life of 14.5 days allows an extended interval between doses; dalbavancin is administered intravenously as a single 1,500 mg dose or 1 dose each of 1,000 mg and 500 mg, 1 week apart [START_REF] Smith | Dalbavancin: A Novel Lipoglycopeptide Antibiotic with Extended Activity Against Gram-Positive Infections[END_REF][START_REF]Xydalba. Summary of product characteristics[END_REF]. Its antibacterial spectrum is close to that of vancomycin [START_REF] Smith | Dalbavancin: A Novel Lipoglycopeptide Antibiotic with Extended Activity Against Gram-Positive Infections[END_REF].

Dalbavancin efficacy was demonstrated for acute bacterial skin and skin structure infections (ABSSSIs) caused by gram-positive bacteria in large phase III trials [START_REF] Boucher | Once-weekly dalbavancin versus daily conventional therapy for skin infection[END_REF][START_REF] Dunne | A Randomized Clinical Trial of Single-Dose Versus Weekly Dalbavancin for Treatment of Acute Bacterial Skin and Skin Structure Infection[END_REF][START_REF] Jauregui | Randomized, double-blind comparison of once-weekly dalbavancin versus twice-daily linezolid therapy for the treatment of complicated skin and skin structure infections[END_REF] and for the treatment of osteomyelitis and Staphylococcus aureus bacteremia [START_REF] Rappo | Dalbavancin for the Treatment of Osteomyelitis in Adult Patients: A Randomized Clinical Trial of Efficacy and Safety[END_REF][START_REF] Gonzalez | Outcomes in Patients with Staphylococcus aureus Bacteremia Treated with Dalbavancin in Clinical Trials[END_REF]. Two long-acting lipoglycopeptides have been approved in Europe for the treatment of ABSSSIs, i.e., dalbavancin and oritavancin [START_REF]Xydalba. Summary of product characteristics[END_REF][START_REF]Tenkasi. Summary of product characteristics[END_REF]. The pivotal trials that lead to their authorization were non-inferiority trials, as compared to regimens that include vancomycin [START_REF] Boucher | Once-weekly dalbavancin versus daily conventional therapy for skin infection[END_REF][START_REF] Lodise | Efficacy and Safety of Oritavancin Relative to Vancomycin for Patients with Acute Bacterial Skin and Skin Structure Infections (ABSSSI) in the Outpatient Setting: Results From the SOLO Clinical Trials[END_REF]. While these trials provide valuable information regarding tolerability, efficacy data cannot be extrapolated for infections other than ABSSSIs. However, realworld studies showed that dalbavancin has been used for the treatment of other bacterial infections, such as bone and joint infections, prosthetic joint infections, osteomyelitis, and endocarditis [START_REF] Dinh | French national cohort of first use of dalbavancin: A high proportion of off-label use[END_REF][START_REF] Wunsch | Multicenter clinical experience of real life Dalbavancin use in gram-positive infections[END_REF][START_REF] Illes | Efficacy and safety of dalbavancin monotherapy as salvage treatment for bone and joint infection[END_REF][START_REF] Matt | Dalbavancin treatment for prosthetic joint infections in real-life: a national cohort study and literature review[END_REF][START_REF] Tobudic | Dalbavancin as Primary and Sequential Treatment for Gram-Positive Infective Endocarditis: 2-Year Experience at the General Hospital of Vienna[END_REF][START_REF] Tobudic | Real-world experience with dalbavancin therapy in gram-positive skin and soft tissue infection, bone and joint infection[END_REF]. Linezolid, also originally approved for ABSSSIs, is a striking example of an Accepted manuscript 5 antibiotic with extensive off-label use [START_REF] Theil | Clinical use of linezolid in periprosthetic joint infections -a systematic review[END_REF], which subsequently required additional research efforts to characterize its efficacy and tolerability in other indications [START_REF] Jean | Off-label use versus formal recommendations of conventional and novel antibiotics for the treatment of infections caused by multidrug-resistant bacteria[END_REF].

The aim of this study was therefore to better characterize the use of dalbavancin in France, with a specific emphasis on its safety.

Materials and methods

Study design

This was a prospective, observational, multicenter study in France. Physicians who prescribed dalbavancin or worked in hospitals and clinics that manage complex infections, especially staphylococcal infections, were contacted by the sponsor via email. The planned number of centers was 15 to 25. Physicians were asked to record eligible participants in screening logs.

Three study periods were defined: the baseline period when the infection was diagnosed, the treatment period when dalbavancin was administered, and the end of treatment period being up to 30 days after the last dalbavancin injection.

At least 2 study visits were planned: the initial visit during which the first dalbavancin dose was administered and the final visit, which occurred up to 30 days after the last dose was administered.

Interim visits could be planned, especially if multiple doses of dalbavancin were administered.

Study population

Eligible patients were adults ≥18 years of age at the time of dalbavancin administration. These patients were registered with the French social security and consented to data collection. Patients enrolled in a clinical trial with dalbavancin were excluded. Patients were enrolled consecutively whenever possible.

Study objectives

The study objectives were (1) to determine patient demographic and baseline characteristics, disease characteristics, and pathogen characteristics; (2) to characterize the routine use of dalbavancin; (3) to evaluate the effectiveness and the safety of dalbavancin; and (4) to assess resource utilization.

Data collection

The following data were collected: (1) patient demographic and baseline characteristics, including laboratory parameters, comorbidities and Charlson comorbidity index [START_REF] Charlson | Validation of a combined comorbidity index[END_REF], and the presence of a medical device; (2) primary infectious diagnosis; (3) pathogens, including in vitro susceptibility to dalbavancin whenever possible or susceptibility to vancomycin as a proxy, according to on-site protocols; (4) antibiotic administration before and during patient management; [START_REF]Xydalba. Summary of product characteristics[END_REF] details on the dalbavancin treatment, including dose, time between diagnosis and treatment initiation, number of injections, and interval between doses; (6) total duration of hospital stay; [START_REF] Dunne | A Randomized Clinical Trial of Single-Dose Versus Weekly Dalbavancin for Treatment of Acute Bacterial Skin and Skin Structure Infection[END_REF] clinical response (success or failure) with dalbavancin; and (8) adverse events (AEs).

Clinical response was assessed at 30 days after the final injection and was defined as a success if the patient did not need an antibiotic or was switched to an oral antibiotic (except for expected suppressive treatments), or if the infection had improved clinically at the time of dalbavancin discontinuation. The clinical response was assessed as a failure if the patient discontinued dalbavancin treatment because of: (i) an AE or insufficient therapeutic effect, (ii) if the patient was switched to another intravenous antibiotic, (iii) if the infection had not clinically improved at the time of dalbavancin discontinuation. Treatment response was undetermined if the information was unavailable or incomplete.

Patient analysis was stratified by infection type: ABSSSI, bacteremia, bone and joint infection, vascular infection, mediastinitis or pleural/pulmonary infection, and multisite infection, including infections in distant body locations or infections in adjacent but distinct anatomical structures (e.g., soft tissue, muscle, kidney, and circulatory system).

Microbiological and antibiotic susceptibility tests were performed according to each hospital's protocol. When available, dalbavancin minimum inhibitory concentrations (MICs) were reported in line with national guidelines (Comité de l'Antibiogramme de la Société Française de Microbiologie) [START_REF]Comité de l'antibiogramme de la Société Française de Microbiologie[END_REF]. Otherwise, vancomycin MICs were used as a surrogate indicator of dalbavancin susceptibility.

Breakpoints used were defined by the European Committee on Antimicrobial Susceptibility Testing [START_REF]Breakpoint tables for interpretation of MICs and zone diameters Version 12[END_REF].

AEs were collected in electronic case report forms. They were classified as treatment-emergent if they occurred between the first dalbavancin dose and the end of the 30-day follow-up period after the final dalbavancin injection.

Statistical analysis

The study was descriptive and sample size calculations were based on the assumption of a 90% cure rate of ABSSSIs. A sample size of 150 patients (i.e., 135 cured patients) was calculated to estimate a 90% cure rate with an exact 2-sided 95% confidence interval with a precision of ± 5% (0.84-0.94).

Three study populations were defined: the total population, i.e., all patients included in the study, the eligible population, i.e., all patients meeting the inclusion criteria, and the safety population, i.e., all patients having received at least 1 dose of dalbavancin.

Continuous variables were described by mean ± standard deviation (SD) or median and quartiles 1 and 3. Categorical variables were described by the total and percentage of each response. The statistical analyses were performed using SAS software, version 9.2 (SAS Institute Inc., Cary, NC, USA).

Ethical considerations

This study complied with French regulations on patient observational clinical studies and with the Declaration of Helsinki. The protocol was approved by the French National Authority for Health (DEMESP/SEM/AA/MPi/TD/KLF/18.0221), received institutional review board approval (CPP Accepted manuscript 8 AU1420), and was registered with the competent authority in 2018 (n°ID-RCB 2018-A005080-50). It complied with regulations on data protection (CNIL MR-3 approval n° 2152768 v 0). The study was registered at clinicaltrials.gov (NCT03726216) and a substantial amendment was approved in 2019.

Patients signed a non-objection form.

Results

Center and patient selection

Thirty-five centers were contacted. Eighteen centers accepted to participate, of which 16 centers recruited patients (Figure 1). Among the participating centers, 78% were university hospitals. Eightythree percent of recruiting physicians were infectious diseases specialists.

From September 2018 to April 2020, 178 patients who received at least 1 dose of dalbavancin were identified. Of these, 27 declined or could not sign the consent form, resulting in 151 eligible patients of whom 9 were lost to follow-up (6.0%) and 8 died (5.3%). The causes of death were septic shock (N=2), pulmonary aspiration (N=1), acute renal failure (N=1), cutaneous T-cell lymphoma (N=1), acute pulmonary edema (N=1), status epilepticus due to cerebral metastases (N=1), and undetermined (N=1).

Demographic and baseline characteristics

The demographic and baseline characteristics of the study population are presented in Table 1. The mean age at study entry was 66 years (SD ± 16), and a majority of study participants were male (62.3%) (Table 1).

Indications and microorganisms

Most infections were categorized as bone and joint infections (55.0%), followed by multisite infections (15.9%), and vascular infections (14.6%; 21 cases of endocarditis and 1 case of arteritis) (Table 2). Among the 21 infective endocarditis cases, 4/21 (19.0%) occurred in patients with prosthetic valves. Ten infections (6.6%) were categorized as ABSSSI only (Table 2). More than half of the patients (56.3%) had a medical device-related infection, and 44.4% of patients had an infection on orthopedic implants (Table 2). A total of 253 pathogens were identified in 140 patients. The main pathogens were coagulase-negative staphylococci (N=82), S. aureus (N=51), enterococci (N=27), and Corynebacterium striatum (N=13) (Table 2). Most infections were monomicrobial (54.3%) (Table 2).

Among the 137 strains tested for vancomycin susceptibility, 4 were resistant (2 strains of S. epidermidis and 2 strains of Enterococcus gallinarum), while the 29 strains tested for dalbavancin were susceptible. Three vancomycin-resistant strains were isolated in patients with polymicrobial infections with susceptible strains. The clinical responses of these patients were all successful after administration of 3,000 mg or 4,500 mg of dalbavancin. One vancomycin-resistant strain was monomicrobial, with a successful outcome after administration of 3,000 mg of dalbavancin. All patients with strains not covered by dalbavancin received additional concomitant antibiotics.

Antibiotic administration before and during patient management

Most patients received several prior antibiotic treatments for infections targeted by dalbavancin.

Twelve patients (8.0%) received dalbavancin as first-line treatment, while 108 patients (71.5%) received 3 previous lines of treatment (Table 3). The median duration between the diagnosis and the initiation of dalbavancin was 29 days (Table 3). Among the 151 patients, 30.5% were treated with dalbavancin as a monotherapy. The main indications for the use of dalbavancin in association with another antibacterial treatment were multisite infections (21/24, 87.5%) and bone and joint infections (54/83, 65.1%) (Supplementary Table 1). The proportion of participants receiving combination treatment gradually increased with the number of previous antibacterial regimens: from 2/12 (16.7%) when dalbavancin was prescribed as first-line treatment, to 86/108 (79.6%) when it was first prescribed as fourth-line treatment (Supplementary Table 2). The concomitant antibiotics were primarily daptomycin (9.6%), linezolid (7.7%), and rifampicin (7.4%).
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Dalbavancin treatment

The mean cumulative dose of dalbavancin per patient was 3,089 mg (SD ± 1,461 mg), including 89 patients (58.9%) who received 3,000 mg (Table 3 and Supplementary Figure 1). Three patients (2.0%) received 1,000 mg, the lowest dose, and 1 patient (0.7%) received 12,000 mg, the highest dose. The distribution of dose administration is presented in Supplementary Figure 1, and the cumulative dose by indication in Supplementary Figure 2A. More than half of the patients (62.9%) received 2 injections of dalbavancin, and 17.2% received 1 injection. The maximum number of injections was 9 for a patient with a bone and joint infection (Table 3). For patients receiving multiple injections (N=125), the median interval between 2 injections was 7 days (Table 3). Supplementary Figure 2B shows the total treatment duration with dalbavancin by indication.

For the 129 patients with a reported clinical outcome, the mean follow-up duration from the baseline visit to the last follow-up visit or final visit was 55 days (SD ± 37).

Hospitalization

The median duration of hospitalization was 19 days (N=148), with a median of 7 days (N=132) of hospitalization on dalbavancin treatment (Table 3 and Supplementary Figure 3). Seven patients were treated in the intensive care unit, with a median duration of hospitalization of 76 days (Table 3).

Clinical response in patients with a complete follow-up

The effectiveness (success or failure) was determined in 129 (85.4%) patients with a complete follow-up. The clinical response was categorized as a success in 119 patients (92.2%; 95% confidence interval 86.2%-93.2%). A stratification by indication and by line of treatment is presented in Table 4.

Among the 8 patients who received dalbavancin for ABSSSI, 7 (87.5%) achieved clinical success. The clinical success of dalbavancin treatment for off-label indications was ≥80.0%, with a 100.0% success rate for bacteremia, vascular infections, and multisite infections, an 80.0% success rate for mediastinitis or pleural/pulmonary infections, and an 89.2% success rate for bone and joint infections (Table 4).

Of the 10 patients (7.8%) with a clinical failure, 8 had a bone and joint infection, 1 had mediastinitis, and 1 had an ABSSSI (Table 4). The patient with an ABSSSI received dalbavancin as second-line treatment, and the patient with mediastinitis received it as fourth-line treatment. Six patients with a bone and joint infection received dalbavancin as fourth line treatment; the 2 remaining patients as third-line treatment. Baseline susceptibility testing was performed for 8 patients with a clinical failure. All strains were susceptible to either vancomycin or dalbavancin.

The 10 patients who received dalbavancin as first-line treatment achieved clinical success. When administered as second-, third-, and fourth-line treatment, 93.3%, 85.7%, and 92.2% of patients achieved clinical success, respectively (Table 4).

Safety

Sixty-seven patients (44.4%) developed a total of 125 AEs, of which 120 were classified as treatmentemergent AEs (Table 5). Thirty-one patients (20.5%) experienced 44 serious treatment-emergent AEs, and 7 patients had a fatal outcome post-treatment not deemed related to dalbavancin (Table 5). Twelve patients (7.9%) reported 14 AEs assessed as related to dalbavancin (Table 5). Two serious related AEs (syncope and hypotension) were reported for the same patient and required immediate discontinuation of dalbavancin. Both were resolved without sequelae.

Discussion

The results of the present study indicate that dalbavancin is effective and well tolerated for the treatment of ABSSSIs as well as for off-label indications, including bacteremia, vascular infections, mediastinitis or pleural/pulmonary infections, multisite infections, and bone and joint infections.

Dalbavancin treatment is mostly used for off-label indications in France as 6.6% of patients included in this study were treated for ABSSSIs only. These results are aligned with other European real-world Accepted manuscript 12 observational studies in Austria, Spain, and Germany where dalbavancin was used to treat ABSSSIs in 10.9% (11/101), 21.7% (15/69), and 33.3% (3/9) of patients, respectively [START_REF] Wunsch | Multicenter clinical experience of real life Dalbavancin use in gram-positive infections[END_REF][START_REF] Bouza | Dalbavancin in the treatment of different gram-positive infections: a real-life experience[END_REF][START_REF] Hanses | A Multicentre, Prospective, and Retrospective Registry to Characterize the Use, Effectiveness, and Safety of Dalbavancin in German Clinical Practice[END_REF]. However, there are no adapted protocols for the off-label use of dalbavancin, resulting in a heterogenic use of this antibiotic in France and other European countries [START_REF] Wunsch | Multicenter clinical experience of real life Dalbavancin use in gram-positive infections[END_REF][START_REF] Matt | Dalbavancin treatment for prosthetic joint infections in real-life: a national cohort study and literature review[END_REF][START_REF] Bouza | Dalbavancin in the treatment of different gram-positive infections: a real-life experience[END_REF][START_REF] Hanses | A Multicentre, Prospective, and Retrospective Registry to Characterize the Use, Effectiveness, and Safety of Dalbavancin in German Clinical Practice[END_REF]. Additional studies to evaluate dalbavancin safety and efficacy in the identified off-label indications are therefore needed. In the context of bone and joint infections, a pharmacokinetic analysis was performed based on a predefined target of fAUC24h/MIC >111.1. This analysis indicated that creatinine clearance would be the main factor to select between 1,000 and 1,500 mg for the second injection, using therapeutic drug monitoring based on trough plasma concentration to tailor optimal doses and intervals for the following injections [START_REF] Cojutti | Population Pharmacokinetic and Pharmacodynamic Analysis of Dalbavancin for Long-Term Treatment of Subacute and/or Chronic Infectious Diseases: The Major Role of Therapeutic Drug Monitoring[END_REF]. As shown in Supplementary Figure 2B, the median time between first and second injection was 12 days for bone and joint infections in our study, with increasing use of therapeutic drug monitoring thereafter.

This study showed an effectiveness of 92.2% at 30 days after the last dose of dalbavancin, regardless of the indication. These results are in line with previous European observational studies [START_REF] Wunsch | Multicenter clinical experience of real life Dalbavancin use in gram-positive infections[END_REF][START_REF] Bouza | Dalbavancin in the treatment of different gram-positive infections: a real-life experience[END_REF][START_REF] Hanses | A Multicentre, Prospective, and Retrospective Registry to Characterize the Use, Effectiveness, and Safety of Dalbavancin in German Clinical Practice[END_REF].

In an Austrian study with 94 evaluable patients, the clinical success at 90 days after treatment was 89.4% [START_REF] Wunsch | Multicenter clinical experience of real life Dalbavancin use in gram-positive infections[END_REF]. A Spanish study conducted over a 12-month period reported an effectiveness of 84.1% in 69 patients [START_REF] Bouza | Dalbavancin in the treatment of different gram-positive infections: a real-life experience[END_REF]. In another study conducted in Germany (N=9), the clinical success was 83.3% at 30 days after the last dalbavancin dose [START_REF] Hanses | A Multicentre, Prospective, and Retrospective Registry to Characterize the Use, Effectiveness, and Safety of Dalbavancin in German Clinical Practice[END_REF]. These data suggest that dalbavancin treatment is effective for a broad range of infections with gram-positive bacteria.

This study also reported that dalbavancin is well tolerated, when used for both on-and off-label indications, which is in line with the results reported for other European territories [14-18, 24, 25].

The main strength of this study was the prospective, standardized collection of data in multiple centers across France (representing both university and non-university hospitals) with expertise in complex infections. This was also one of the largest prospective studies on dalbavancin so far, with few patients lost to follow-up. In addition, the enrolled patients were representative for the current prescribing pattern of dalbavancin in France as this was an observational study with less stringent criteria than a randomized controlled trial.

The main limitation of the study was the follow-up of 30 days after the last dalbavancin administration as the study was designed for ABSSSI. This follow-up may not be sufficient to determine the effectiveness for certain other indications (e.g., bone and joint infections). Indeed, Matt et al. recorded a 47% success rate among 17 prosthetic joint infections managed with dalbavancin after on average 2 prior antibiotic treatment strategies and a median follow-up of 299 days [START_REF] Matt | Dalbavancin treatment for prosthetic joint infections in real-life: a national cohort study and literature review[END_REF]. Moreover, resistance data after dalbavancin treatment for patients with clinical failure were not collected nor documented, and no causal associations could be made due to the descriptive nature of the study. Despite its limitations, the present study provides valuable information on the current use and outcomes of dalbavancin treatment.

As previously reported [START_REF] Dinh | French national cohort of first use of dalbavancin: A high proportion of off-label use[END_REF], in our opinion, dalbavancin may be of interest for gram-positive infections other than ABSSSIs, either as single-drug regimen or in combination, with the following assets as compared to alternative regimens: (1) secure treatment adherence, (2) no requirement of central venous access, (3) good safety profile, (4) early discharge for management as outpatient, and

(5) activity on most multi-resistant gram-positive bacteria. The latter is typically true for devicerelated multi-resistant coagulase-negative staphylococcal infections, with treatment options often restricted. Dalbavancin is also suitable for vanB vancomycin-resistant enterococci [START_REF] Kresken | Glycopeptide resistance in Enterococcus spp. and coagulase-negative staphylococci from hospitalised patients in Germany: occurrence, characteristics and dalbavancin susceptibility[END_REF].

Conclusions

The results of the present study indicate that dalbavancin was mostly used off-label in heavily pretreated patients in France. The clinical success rate was high in ABSSSI (87.5%) and in off-label indications (≥80.0%), while the AE rate was low. These results are in line with previously published data from other European countries, indicating that dalbavancin treatment is effective and well tolerated when used for the treatment of ABSSSIs and off-label indications, including bacteremia, 
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