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Abstract

:

The current carbapenem-resistant gram-negative bacteria (CR-GN) treatment guidelines lack strong evidence about cefiderocol (CFD) efficacy against CR-GN, especially CRAB. The study’s purpose is to evaluate the effectiveness of CFD in a real-life setting. We made a single-center retrospective study of 41 patients who received CFD in our hospital for several CR-GN infections. Bloodstream infections (BSI) affected 43.9% (18/41) of patients, while CRAB affected 75.6% (31/41) of isolated CR-GN patients. Thirty-days (30-D) all-causes mortality affected 36.6% (15/41) of patients, while end-of-treatment (EOT) clinical cure affected 56.1% (23/41). Finally, microbiological eradication at EOT affected 56.1% (23/41) of patients. Univariate and multivariate analysis showed that septic shock is an independent factor associated with mortality. Subgroup analyses showed no difference in CFD effectiveness between monotherapy and combination therapy.
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1. Introduction


Hospital-acquired infections (HAIs) are common complications seen in hospitalized patients that increase mortality, costs, and length of stay [1]. Carbapenem-resistant gram-negative bacteria (CR-GN) are the principal cause of HAIs and represent a great challenge for public health professionals [1]. Previously, the only available treatments for CR-GN infections were associated with several adverse effects, poor efficacy, and the development of antibiotic resistance [1].



Today, safer and more effective drugs active against CR-GN are available [2,3,4], among which cefiderocol (CFD), a first-in-class siderophore cephalosporin, has a broader spectrum of action that also includes the Ambler class B carbapenemases and carbapenem-resistant lactose non-fermenters Acinetobacter baumannii (CRAB), Pseudomonas aeruginosa (CRPsA), and Stenotrophomonas maltophilia [5].



Several expert groups tried to create pathogen-focused or source-focused therapeutic algorithms, choosing the right place in the therapy to use these new drugs based on their pharmacokinetic/pharmacodynamic (PK/PD) features [6,7]. Furthermore, international and Italian guidelines on CR-GN infection treatment were published in 2022 [8,9,10]. All guidelines highlight the lack of strong evidence about CFD efficacy against CR-GN, especially against CRAB (particularly after the controversial results of the CREDIBLE-CR study were published [11]). For this reason, CFD was not recommended as a first-line treatment against CR-GN [8,9,10].



Real-world data shows a large variability of CFD efficacy in different infections [12,13,14,15,16,17,18,19,20]. Falcone et al. found that although there was a significant benefit to clinical outcomes in BSIs of CFD over colistin-containing regimens (p = 0.007), this benefit was not found in VAPs caused by CRAB (p = 0.918); the authors supposed that these findings could be due to baseline features of these patients, such as COVID-19 coinfection, which makes it difficult to assess the actual efficacy of antibiotic therapy [12].



This paper aims to increase the available evidence about the efficacy of CFD in a real-life setting.




2. Materials and Methods


We conducted a retrospective study on all patients admitted to “AOU Policlinico P. Giaccone” of Palermo hospital between September 2021 and July 2022 and treated with CFD. Patients were identified by CFD prescriptions obtained from hospital pharmacy department. All patients’ data were obtained from the intranet hospital system and standardized discharge forms. Data were then anonymized and entered into a specific database. Continuous variables were expressed in mean and standard deviation (SD), median and interquartile range (IQR) terms. They were compared with the Student t-test or the Mann–Whitney U test as appropriate. Categorical variables were expressed in numbers of events and their percentage, while the χ2 test was performed to compare them. Two-tailed tests were used to determine statistical significance; we considered significant a p value of <0.05. Multivariate logistic regression analysis was performed to identify independent factors related to 30-D mortality rates. We included in the multivariate model all variables with a p value <0.05 that emerged from univariate analysis. Subgroup analyses were performed on patients with CRAB infections and patients treated in monotherapy or combination therapy. Furthermore, subgroup analysis of each type of infection was performed to see their features and impact on patients’ outcomes.



2.1. Patients and Infections Profiles


The Charlson comorbidity index (CCI) [21], previous (12 months) hospital admissions, (3 months) bacterial infections and antibiotic treatments (during in-hospital stay) before CFD administration were considered. Infection types were defined according to sources of collected bacterial isolates and clinical judgment. For each patient, there could be more than one source of infection (for example, simultaneous pulmonary and urinary tract involvement). They were singularly considered in statistical analysis. Infections were defined as bloodstream infections if there was documented positive blood culture. We judged the presence of septic shock at infection onset as a severity illness factor and as infection onset the same day CFD was started. Infections were defined as hospital-acquired if bacterial isolates were collected 48 h after admission to the hospital.




2.2. Microbiology


Bacterial isolate identification was performed by Matrix Assisted Laser Desorption Ionization Time of Flight Mass Spectrometry (MALDI-ToF MS) (MALDI Biotyper, Bruker Daltonics, Germany). Carbapenems susceptibility tests were performed using automized systems. Minimum inhibitory concentrations (MICs) were classified according to breakpoints established by the European Committee on Antimicrobial Susceptibility Testing [22]. CFD MIC was tested with disk diffusion method in Mueller–Hinton agar. When it was isolated as more than one bacterium in the same patient, each isolated bacterium was singularly considered in statistical analysis.




2.3. Therapy Variables


CFD was administered as a 3-h standard infusion of 2 g intravenously every 8 h, with adjustments for renal impairment according to manufacturer recommendations. We described any adverse events during antibiotic treatment. CFD was used in either monotherapy or in combination with another active drug; combination therapy regimens included fosfomycin, at the dose of 6 g intravenously every 8 h or 4 g every 8 h, or colistin, at the loading dose of 9.000.000 UI of colistimethate sodium followed by 4.500.000 UI every 12 h as a maintaining dose. We described the length of therapeutic regimens and length of stay in the hospital between admission and the start of CFD in the total population and each analyzed subgroup.




2.4. Outcomes


The primary outcome was 30-D all-cause mortality, defined as the occurrence of death within 30 days from the start of treatment with CFD. Secondary outcomes were clinical response during the first 72 h of therapy, defined as an initial clinical response in which it was not necessary to switch therapy or the patient did not die; clinical cure at end-of-therapy (EOT), defined as symptoms resolution and clearance of inflammatory markers; need to switch therapy, defined as interruption of CFD and switch therapy due to clinical or microbiological failure; and microbiological eradication, defined as documented or presumed eradication of isolated bacteria at EOT.





3. Results


3.1. Study Population


3.1.1. Demographic and Anamnestic Features


Data from 41 patients and 62 infections were analyzed. Their characteristics are shown in Table 1. The distribution for sex and age classes is shown in Figure 1.




3.1.2. Infection Features


All infections were hospital-acquired and were diagnosed in medical wards (48.8%), in surgical wards (19.5%), or in intensive-care units (31.7%). Among all patients, 34.2% were in septic shock at infection onset. In total, 43.9% of patients had BSIs and 41.5% had hospital-acquired pneumonia (HAP), of which cases 94.1% were ventilator-associated (VAP). All infection features are summarized in Table 1 and shown in Figure 2.




3.1.3. Microbiological Features


All bacterial isolates were carbapenem-resistant (MIC > 8 mg/L) [15]; they are summarized in Table 1 and shown in Figure 3. The most isolated bacteria were CRAB (75.6%). In only two cases of CFD MIC were tested: 1 VAP case was caused by CRAB (MIC = 0.38 μg/mL) and 1 cUTI case was caused by KPC NDM (MIC = 1 μg/mL)




3.1.4. Treatment Features


Treatment features are summarized in Table 2. CFD was started after a median of 21 days (IQR, 5–25) from hospital admission. It was administered in monotherapy in 75.6% of cases. In the other cases, it was administered with fosfomycin (14.6%, 6/41) or colistin (9.6%, 4/41). The median duration of therapy was 9 days (IQR, 6–19 days). Adverse events occurred in 4.9% (2/41) of cases; hypersensitivity drug reactions (maculopapular rash) occurred after the first 48 h of treatment and bronchospasm occurred after the first dose.




3.1.5. Outcomes


Outcomes are summarized in Table 2. Overall, in-hospital mortality was 46.3%, while 30-D all-cause mortality was 36.6%. Clinical response during the first 72 h of treatment was 80.5%., while clinical cure at EOT was 56.1%. Microbiological eradication at EOT was 80.5%. In three cases (7.3%), a switch to ceftazidime/avibactam was undertaken: two switches stemmed from the above-mentioned adverse drug reaction and one from CRKP-KPC targeted therapy.





3.2. Subgroup Analyses


3.2.1. Monotherapy vs. Combination Therapy


Patients’ infections’ microbiological and treatment features and outcomes for both subgroups are summarized in Table 1 and Table 2 and Figure 2 and Figure 3. No statistical differences in terms of demographic and clinical characteristics were observed between them (see Table 1). In the combination therapy subgroup, the percentage of CRPsA was statistically significantly higher (p = 0.047). The median duration of CFD therapy was 9 days (IQR, 5–16 days) when used in monotherapy and 13 days (IQR, 6–21 days) days when used in combination therapy (p = 0.36). In the monotherapy subgroup, although there was a lower 72 h clinical response (77.4% vs. 90.0%), we documented lower 30-D mortality (35.5% vs. 40.0%) and higher clinical cure and microbiological eradication at EOT (respectively 58.1% vs. 50.0% and 87.1% vs. 60.0%), even if none of these differences was statistically significant (see Table 2).




3.2.2. CRAB Infections


CRAB infections were 75.6% (31/41) of the total and are summarized in Table 1 and Table 2. CFD was used in this setting mainly as monotherapy (80.6%). In the remaining cases, it was associated with fosfomycin (12.9%) or colistin (6.40%). In this subgroup, 41.6% of patients had HAP (all VAPs) and 48.4% had a BSI. Overall, 30-D mortality was 35.5%, while between VAPs was 61.5% and between BSIs infections was 46.7%. Clinical response during the first 72 h of treatment was 90.3%. The clinical cure at EOT was 64.5%. Microbiological eradication at EOT was 80.6%. Under no circumstance was it necessary to switch CFD with another therapeutic regimen.




3.2.3. 30-D Survivors vs. Non-Survivors


The characteristics of patients, their infections, antibiotic treatment and outcomes of both subgroups are summarized in Table 1 and Table 2 and Figure 2 and Figure 3. No statistically significant difference was observed in the sex of patients (p = 0.27). Patients who died were older than patients who survived (with a median age of 70 years (IQR, 70–78 years) and 60 (IQR, 51–75 years), respectively) and had more comorbidities (with a CCI ≥ 4 of 93.3% and 57.7%, respectively); these differences were statistically significant at the univariate analysis (p = 0.028 and p = 0.01, respectively), though they were not confirmed in multivariate analysis. Hospital wards at infection onset were similar in both subgroups.



Regarding infection variables, we observed a higher percentage of CNS infections, HAPs and cIAIs among patients who died and a higher percentage of cUTIs and SSTIs in survivors. However, these differences were not statistically significant. A higher septic shock percentage was observed among patients who died; this difference was statistically significant (p = 0.0008; COR 11 [95% CI, 2.42–49.91]) and persisted in the multivariate model (p = 0.02; AOR 8.1 [95% CI, 1.35–48.46]).



No statistically significant difference was observed between the two subgroups regarding microbiological and treatment variables. Figures for microbiological eradication at EOT and clinical response after 72 h of treatment were similar in both subgroups, as was the percentage of combination and monotherapy in the 2 subgroups.




3.2.4. Types of Infections


In Table 3, we described each type of infection by considering their microbiological and therapeutical features and their impact on patients’ outcomes.






4. Discussion


In our real-life retrospective study, 30-D mortality was 36.6% and clinical cure at EOT was 56.1%. Population baseline features may have influenced both results. Indeed, as expected, age and CCI were higher among patients that expired. Subgroup analysis based on site of infections (Table 3) shows the heterogeneity of infections included in this study and permits comparison of results with further studies and meta-analysis of each type of infection. We wanted to compare our results with those of other similar studies. The main real-life studies regarding CFD are reported in Table 4. The 30-D mortality in these studies ranged from 12.5 to 60% [14,15,16,17,18,19,20,21,22]. This wide variability is probably due to the different conditions of the patients described in these studies. The 30-D mortality in our study is similar to the study described by Falcone et al. (36.6% vs. 34%), who used a similar sample size of patients (41% vs. 47%); however, 30-D mortality was notably lower compared to the study described by Pascale et al. (36.6% vs. 55%), where all patients were affected by critical COVID-19, necessitating mechanical ventilation.



An interesting finding in our study was the different distribution of types of infections among 30-D survivors and non-survivors. HAPs, CNS infections and cIAIs were more represented in 30-D non-survivors.



In our study, patients with HAPs/VAPs represented 41.5% of total infections and 15/17 patients treated with CFD alone. We observed high mortality (52.9%) and low clinical cure (29.4%) in these patients; however, we also observed concomitant high microbiological eradication (88.2%), allowing us to assume that other clinical conditions beyond bacterial infection determined the outcomes of these patients’ treatment. HAPs are caused mainly by CR-GN and had high mortality despite any medical intervention [23,24,25,26], PK/PD data showed that CFD is a valid option for treating these infections [27]. Real-world evidence shows a 30-D mortality ranging from 30.8% to 80% according to the pathogen, respiratory-impairing or COVID-19 coinfection (Table 4).



In our study, two patients with CNS CRAB infections were treated and both died. Although evidence on CNS infections CFD use is lacking (Table 4), few PK/PD studies suggest that CFD could be a promising option for lactose non-fermenters CR-GN treatment, with drug concentration in cerebrospinal fluid above bacterial MIC [17,28].



In our study, almost one infection in five patients were cIAI (19.5%, 8/41) and they were represented mainly by walled-off pancreatic infected necrosis, conditions with high mortality in which surgical source control is difficult [29]. Despite this problematic setting, 5/8 cases were considered microbiologically eradicated. Meschiari et al. described 4 cIAIs (3 peritonitis and 1 cholangitis) sustained by CRPsA where 30-D mortality was 50% but 100% of infections were considered microbiological cured.



Multivariate analysis of our population showed that septic shock was the only independent factor associated with 30-D mortality. Our study confirms the real-life efficacy of CFD in patients with septic shock, having a high microbiological eradication (85.7%). The above is likely achieved thanks to the PK/PD CFD characteristics in these challenging clinical settings [19].



In our opinion, the most interesting finding of this study was that there was no statistical difference in the clinical and microbiological efficacy of CFD when used in monotherapy or combination therapy regimens. The two subgroups were quite similar except for the number of CRPsA isolates, which was higher in the combination therapy subgroup (p = 0.47). Noteworthy lower clinical cure and microbiological eradication resulted in the combination therapy subgroup, despite better initial clinical response, which could be explained by infection-related factors (such as a higher percentage of polymicrobial isolates, CRPsA isolates, and cIAIs in the combination therapy subgroup) or other underlying clinical conditions.



The use of CFD in combination therapy is debated in the literature, especially in regard to CRAB infections. The IDSA panel suggests prescribing CFD as a component of a combination regimen until more favorable clinical data on CFD efficacy as a monotherapy are available [10]. Italian societies’ guidelines request further studies to consolidate recommendations on CFD use and evaluate the use of this drug as monotherapy or in a combination therapy regimen with other antibiotics [8]. The rationale of CFD use in combination therapy regimens is based on in vitro data on the potential benefit of adding a different class antimicrobial agent to overcome the non-susceptibility of CR-GN to CFD [30,31,32]. Furthermore, keeping in mind the difficulties of obtaining reliable CFD-susceptibility tests, as highlighted by Eucast [33], recent studies suggest the possibility of underestimating heteroresistant subpopulations and in vivo developed resistance due to inoculum effect [34,35]; this outlook assumes the use of combination therapy regimens in infections at high risk of suboptimal antibiotic exposure, such as cIAIs, osteomyelitis and particular cases of difficult-to-treat VAPs. Real-world clinical data suggest that CFD plus fosfomycin, colistin or tigecycline could be effective against difficult-to-treat P. aeruginosa and CRAB infections [8,36,37].



To the best of our knowledge, this is the most extensive study comparing the efficacy of CFD as monotherapy and combination therapy. Recently Corcione et al. (Table 4) analyzed CFD efficacy in infections sustained by CR-GN (CRAB 83.3%), finding there was no statistically significant difference in clinical and microbiological outcomes between monotherapy and combination therapy regimens (mainly colistin-based) [16].



Over two-thirds of the bacterial isolates were CRAB and an analysis of this subgroup allows us to make some considerations. In our study, the 31 CRAB infections were mainly represented by VAPs (41.9%) and BSIs (48.4%), with a 30-D mortality of 61.5% and 46.7%, respectively (see Table 1, Table 2 and Table 4). Recently a nationwide study in Italy was published describing a 43.2% 30-D mortality in patients with CRAB BSIs [38], similar to that observed in our study. Two retrospective studies were recently published evaluating CFD efficacy in CRAB infections: Falcone et al. demonstrated that CFD-containing regimens were non-inferior to colistin-based regimens in all infections and superior in BSIs [12]; and Pascale et al. evaluated CFD efficacy in a very difficult setting, such as patients in ICU for critical COVID-19, where CFD as monotherapy demonstrated non-inferiority to BAT [13]. Our mortality rate was similar to the one reported by Falcone et al. (35.5% vs. 34%) but lower in comparison to the one documented by Pascale et al., which is likely higher because of critical features at baseline in that population [12,13].



Two large RCTs analyzed CFD efficacy in CR-GN infections: APEKS-NP (vs. high-dose meropenem) and CREDIBLE-CR (vs. BAT). Although in APEKS-NP trial CFD showed non-inferiority on the treatment of HAPs [39], several debates emerged after the publication of results of the CREDIBLE-CR study [11]. Subgroup analysis in this RCT showed a higher overall mortality in CFD arm between HAPs (42% vs. 18%), BSIs (37% vs. 18%) and CRAB infections (49% vs. 18%). Authors suggest that a poorly balanced distribution of septic shock and admission in ICU variables may have influenced these results. In our study, 30-D mortality, clinical cure and microbiological eradication at EOT created results more similar to real-world studies than those emerged in RCTs (Table 2 and Table 4). This finding can be explained by the different nature of the studies and inclusion criteria.




5. Conclusions


In conclusion, our study shows that CFD is a viable therapy option for a challenging group of CR-GN infections, particularly CRAB infections. This medication permitted clinicians to utilize antibiotic regimens in CRAB infections for more days while maintaining the renal function of older patients. According to our data, CFD constitutes a valid antibiotic regimen against CRAB in colistin-sparing and difficult-to-treat infections. This study adds further evidence to support the use of CFD against CR-GN and in monotherapy or combination therapy regimens; this proposal is in spite of this treatment’s various limitations, such as retrospective nature. It is hoped that future RCTs will better establish the correct role for CFD therapy in treating hospital-acquired infections.







Author Contributions


Conceptualization, G.P., A.A.M. and A.C.; methodology, G.P., A.A.M. and A.C.; statistical analysis, G.P. and L.P.; investigation, G.P.; data curation, G.P. and L.P.; writing—original draft preparation, G.P.; writing—review and editing, A.A.M., L.P. and A.C.; visualization, R.R., M.C., S.A. and G.M.G.; supervision, R.R., M.C., S.A., G.M.G. and A.C. All authors have read and agreed to the published version of the manuscript.




Funding


The publication costs of this article were covered by the Fund for VQR improvement assigned to the Department of Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties of the University of Palermo.




Institutional Review Board Statement


This study was approved by the Ethics Committee “Palermo I”, Palermo, Italy (DTR-MDR DIMUNA-Verbal n.11 22/12/2022).




Informed Consent Statement


The need for written informed consent was waived owing to the observational and retrospective nature of the study.




Data Availability Statement


Data are available upon request to the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Petrosillo, N.; Giannella, M.; Lewis, R.; Viale, P. Treatment of carbapenem-resistant Klebsiella pneumoniae: The state of the art. Expert Rev. Anti-Infect. Ther. 2013, 11, 159–177. [Google Scholar] [CrossRef]

	



EMA Raccomanda L’approvazione di Zavicefta per i Pazienti con Limitate Opzioni di Trattamento. Available online: https://www.aifa.gov.it/-/ema-raccomanda-l-approvazione-di-zavicefta-per-i-pazienti-con-limitate-opzioni-di-trattamento (accessed on 8 September 2022).

	



Comitato per i Medicinali per Uso Umano (CHMP) dell’EMA: Highlights del Meeting di Febbraio. Available online: https://www.aifa.gov.it/-/comitato-per-i-medicinali-per-uso-umano-chmp-dell-ema-highlights-del-meeting-di-febbra-4 (accessed on 8 September 2022).

	



EMA Raccomanda un Nuovo Medicinale per una Serie di Infezioni. Available online: https://www.aifa.gov.it/-/ema-raccomanda-un-nuovo-medicinale-per-una-serie-di-infezioni (accessed on 8 September 2022).

	



El-Lababidi, R.M.; Rizk, J.G. Cefiderocol: A Siderophore Cephalosporin. Ann. Pharmacother. 2020, 54, 1215–1231. [Google Scholar] [CrossRef]

	



Volpicelli, L.; Venditti, M.; Ceccarelli, G.; Oliva, A. Place in Therapy of the Newly Available Armamentarium for Multi-Drug-Resistant Gram-Negative Pathogens: Proposal of a Prescription Algorithm. Antibiotics 2021, 10, 1475. [Google Scholar] [CrossRef]

	



Overview of Carbapenemase-Producing Gram-Negative Bacilli—UpToDate. Available online: https://www.uptodate.com/contents/overview-of-carbapenemase-producing-gram-negative-bacilli (accessed on 8 September 2022).

	



Tiseo, G.; Brigante, G.; Giacobbe, D.R.; Maraolo, A.E.; Gona, F.; Falcone, M.; Giannella, M.; Grossi, P.; Pea, F.; Rossolini, G.M.; et al. Diagnosis and management of infections caused by multidrug-resistant bacteria: Guideline endorsed by the Italian Society of Infection and Tropical Diseases (SIMIT), the Italian Society of Anti-Infective Therapy (SITA), the Italian Group for Antimicrobial Stewardship (GISA), the Italian Association of Clinical Microbiologists (AMCLI) and the Italian Society of Microbiology (SIM). Int. J. Antimicrob. Agents 2022, 60, 106611. [Google Scholar] [CrossRef] [PubMed]

	



Paul, M.; Carrara, E.; Retamar, P.; Tängdén, T.; Bitterman, R.; Bonomo, R.A.; de Waele, J.; Daikos, G.L.; Akova, M.; Harbarth, S.; et al. European Society of Clinical Microbiology and Infectious Diseases (ESCMID) guidelines for the treatment of infections caused by multidrug-resistant Gram-negative bacilli (endorsed by European society of intensive care medicine). Clin. Microbiol. Infect. 2022, 28, 521–547. [Google Scholar] [CrossRef]

	



Tamma, P.D.; Aitken, S.L.; Bonomo, R.A.; Mathers, A.J.; van Duin, D.; Clancy, C.J. Infectious Diseases Society of America Guidance on the Treatment of AmpC β-Lactamase–Producing Enterobacterales, Carbapenem-Resistant Acinetobacter baumannii, and Stenotrophomonas maltophilia Infections. Clin. Infect. Dis. 2022, 74, 2089–2114. [Google Scholar] [CrossRef]

	



Bassetti, M.; Echols, R.; Matsunaga, Y.; Ariyasu, M.; Doi, Y.; Ferrer, R.; Lodise, T.P.; Naas, T.; Niki, Y.; Paterson, D.L.; et al. Efficacy and safety of cefiderocol or best available therapy for the treatment of serious infections caused by carbapenem-resistant Gram-negative bacteria (CREDIBLE-CR): A randomised, open-label, multicentre, pathogen-focused, descriptive, phase 3 trial. Lancet Infect. Dis. 2021, 21, 226–240. [Google Scholar] [CrossRef] [PubMed]

	



Falcone, M.; Tiseo, G.; Leonildi, A.; Della Sala, L.; Vecchione, A.; Barnini, S.; Farcomeni, A.; Menichetti, F. Cefiderocol-Compared to Colistin-Based Regimens for the Treatment of Severe Infections Caused by Carbapenem-Resistant Acinetobacter baumannii. Antimicrob. Agents Chemother. 2022, 66, e0214221. [Google Scholar] [CrossRef] [PubMed]

	



Pascale, R.; Pasquini, Z.; Bartoletti, M.; Caiazzo, L.; Fornaro, G.; Bussini, L.; Volpato, F.; Marchionni, E.; Rinaldi, M.; Trapani, F.; et al. Cefiderocol treatment for carbapenem-resistant Acinetobacter baumannii infection in the ICU during the COVID-19 pandemic: A multicentre cohort study. JAC-Antimicrob. Resist. 2021, 3, dlab174. [Google Scholar] [CrossRef] [PubMed]

	



Hoellinger, B.; Simand, C.; Jeannot, K.; Garijo, C.; Cristinar, M.; Reisz, F.; Danion, F.; Ursenbach, A.; Lefebvre, N.; Boyer, P.; et al. Real world clinical outcome of cefiderocol for treatment of multidrug resistant non-fermenting Gram-negative bacilli infections: A case series. Clin. Microbiol. Infect. 2023, 29, 393–395. [Google Scholar] [CrossRef]

	



Weber, C.; Schultze, T.; Göttig, S.; Kessel, J.; Schröder, A.; Tietgen, M.; Besier, S.; Burbach, T.; Häussler, S.; Wichelhaus, T.A.; et al. Antimicrobial Activity of Ceftolozane-Tazobactam, Ceftazidime-Avibactam, and Cefiderocol against Multidrug-Resistant Pseudomonas aeruginosa Recovered at a German University Hospital. Microbiol. Spectr. 2022, 10, e01697-22. [Google Scholar] [CrossRef]

	



Corcione, S.; De Benedetto, I.; Pinna, S.M.; Vita, D.; Lupia, T.; Montrucchio, G.; Brazzi, L.; De Rosa, F.G. Cefiderocol use in Gram negative infections with limited therapeutic options: Is combination therapy the key? J. Infect. Public Health 2022, 15, 975–979. [Google Scholar] [CrossRef] [PubMed]

	



Meschiari, M.; Volpi, S.; Faltoni, M.; Dolci, G.; Orlando, G.; Franceschini, E.; Menozzi, M.; Sarti, M.; Del Fabro, G.; Fumarola, B.; et al. Real-life experience with compassionate use of cefiderocol for difficult-to-treat resistant Pseudomonas aeruginosa (DTR-P) infections. JAC-Antimicrob. Resist. 2021, 3, dlab188. [Google Scholar] [CrossRef]

	



Bavaro, D.F.; Belati, A.; Diella, L.; Stufano, M.; Romanelli, F.; Scalone, L.; Stolfa, S.; Ronga, L.; Maurmo, L.; Dell’Aera, M.; et al. Cefiderocol-Based Combination Therapy for “Difficult-to-Treat” Gram-Negative Severe Infections: Real-Life Case Series and Future Perspectives. Antibiotics 2021, 10, 652. [Google Scholar] [CrossRef]

	



König, C.; Both, A.; Rohde, H.; Kluge, S.; Frey, O.; Röhr, A.; Wichmann, D. Cefiderocol in Critically Ill Patients with Multi-Drug Resistant Pathogens: Real-Life Data on Pharmacokinetics and Microbiological Surveillance. Antibiotics 2021, 10, 649. [Google Scholar] [CrossRef]

	



Gavaghan, V.; Miller, J.L.; Dela-Pena, J. Case series of cefiderocol for salvage therapy in carbapenem-resistant Gram-negative infections. Infection 2022, 51, 475–482. [Google Scholar] [CrossRef]

	



Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal studies: Development and validation. J. Chronic. Dis. 1987, 40, 373–383. [Google Scholar] [CrossRef]

	



The European Committee on Antimicrobial Susceptibility Testing. Breakpoint Tables for Interpretation of MICs and Zone Diameters. Version 12.0. 2022. Available online: http://www.eucast.org (accessed on 1 March 2023).

	



Melsen, W.G.; Rovers, M.M.; Groenwold, R.H.; Bergmans, D.C.; Camus, C.; Bauer, T.T.; Hanisch, E.W.; Klarin, B.; Koeman, M.; Krueger, W.A.; et al. Attributable mortality of ventilator-associated pneumonia: A meta-analysis of individual patient data from randomised prevention studies. Lancet Infect. Dis. 2013, 13, 665–671. [Google Scholar] [CrossRef] [PubMed]

	



American Thoracic Society; Infectious Diseases Society of America. Guidelines for the management of adults with hospital-acquired, ventilator-associated, and healthcare-associated pneumonia. Am. J. Respir. Crit. Care Med. 2005, 171, 388–416. [Google Scholar] [CrossRef] [PubMed]

	



Torres, A.; Niederman, M.S.; Chastre, J.; Ewig, S.; Fernandez-Vandellos, P.; Hanberger, H.; Kollef, M.; Bassi, G.L.; Luna, C.M.; Martin-Loeches, I.; et al. International ERS/ESICM/ESCMID/ALAT guidelines for the management of hospital-acquired pneumonia and ventilator-associated pneumonia: Guidelines for the management of hospital-acquired pneumonia (HAP)/ventilator-associated pneumonia (VAP) of the European Respiratory Society (ERS), European Society of Intensive Care Medicine (ESICM), European Society of Clinical Microbiology and Infectious Diseases (ESCMID) and Asociación Latinoamericana del Tórax (ALAT). Eur. Respir. J. 2017, 50, 1700582. [Google Scholar]

	



Bassetti, M.; Mularoni, A.; Giacobbe, D.R.; Castaldo, N.; Vena, A. New Antibiotics for Hospital-Acquired Pneumonia and Ventilator-Associated Pneumonia. Semin. Respir. Crit. Care Med. 2022, 43, 280–294. [Google Scholar] [CrossRef] [PubMed]

	



Katsube, T.; Nicolau, D.P.; Rodvold, K.A.; Wunderink, R.G.; Echols, R.; Matsunaga, Y.; Menon, A.; Portsmouth, S.; Wajima, T. Intrapulmonary pharmacokinetic profile of cefiderocol in mechanically ventilated patients with pneumonia. J. Antimicrob. Chemother. 2021, 76, 2902–2905. [Google Scholar] [CrossRef] [PubMed]

	



Kufel, W.D.; Abouelhassan, Y.; Steele, J.M.; Gutierrez, R.L.; Perwez, T.; Bourdages, G.; Nicolau, D.P. Plasma and cerebrospinal fluid concentrations of cefiderocol during successful treatment of carbapenem-resistant Acinetobacter baumannii meningitis. J. Antimicrob. Chemother. 2022, 77, 2737–2741. [Google Scholar] [CrossRef] [PubMed]

	



Baron, T.H.; DiMaio, C.J.; Wang, A.Y.; Morgan, K.A. American Gastroenterological Association Clinical Practice Update: Management of Pancreatic Necrosis. Gastroenterology 2020, 158, 67–75.e1. [Google Scholar] [CrossRef] [PubMed]

	



Ni, W.; Wang, Y.; Ma, X.; He, Y.; Zhao, J.; Guan, J.; Li, Y.; Gao, Z. In vitro and in vivo efficacy of cefiderocol plus tigecycline, colistin, or meropenem against carbapenem-resistant Acinetobacter baumannii. Eur. J. Clin. Microbiol. Infect. Dis. 2022, 41, 1451–1457. [Google Scholar] [CrossRef] [PubMed]

	



Abdul-Mutakabbir, J.C.; Nguyen, L.; Maassen, P.T.; Stamper, K.C.; Kebriaei, R.; Kaye, K.S.; Castanheira, M.; Rybak, M.J. In Vitro Antibacterial Activity of Cefiderocol against Multidrug-Resistant Acinetobacter baumannii. Antimicrob. Agents Chemother. 2021, 65, AAC0264620. [Google Scholar] [CrossRef]

	



Biagi, M.; Vialichka, A.; Jurkovic, M.; Wu, T.; Shajee, A.; Lee, M.; Patel, S.; Mendes, R.E.; Wenzler, E. Activity of Cefiderocol Alone and in Combination with Levofloxacin, Minocycline, Polymyxin B, or Trimethoprim-Sulfamethoxazole against Multidrug-Resistant Stenotrophomonas maltophilia. Antimicrob. Agents Chemother. 2020, 64, e00559-20. [Google Scholar] [CrossRef]

	



Eucast: Cefiderocol Susceptibility Testing. Available online: https://www.eucast.org/eucast_news/news_singleview/?tx_ttnews%5Btt_news%5D=493&cHash=22779384b74c8cf2c55aa3f7fd69d173 (accessed on 1 March 2023).

	



Hobson, C.A.; Cointe, A.; Jacquier, H.; Choudhury, A.; Magnan, M.; Courroux, C.; Tenaillon, O.; Bonacorsi, S.; Birgy, A. Cross-resistance to cefiderocol and ceftazidime–avibactam in KPC β-lactamase mutants and the inoculum effect. Clin. Microbiol. Infect. 2021, 27, 1172.e7–1172.e10. [Google Scholar] [CrossRef]

	



Stracquadanio, S.; Bonomo, C.; Marino, A.; Bongiorno, D.; Privitera, G.F.; Bivona, D.A.; Mirabile, A.; Bonacci, P.G.; Stefani, S. Acinetobacter baumannii and Cefiderocol, between Cidality and Adaptability. Microbiol. Spectr. 2022, 10, e02347-22. [Google Scholar] [CrossRef]

	



Marino, A.; Stracquadanio, S.; Campanella, E.; Munafò, A.; Gussio, M.; Ceccarelli, M.; Bernardini, R.; Nunnari, G.; Cacopardo, B. Intravenous Fosfomycin: A Potential Good Partner for Cefiderocol. Clinical Experience and Considerations. Antibiotics 2022, 12, 49. [Google Scholar] [CrossRef]

	



Mabayoje, D.A.; NicFhogartaigh, C.; Cherian, B.P.; Tan, M.G.M.; Wareham, D.W. Compassionate use of cefiderocol for carbapenem-resistant Acinetobacter baumannii prosthetic joint infection. JAC-Antimicrob. Resist. 2021, 3 (Suppl. 1), i21–i24. [Google Scholar] [CrossRef] [PubMed]

	



Falcone, M.; Tiseo, G.; Carbonara, S.; Marino, A.; Di Caprio, G.; Carretta, A.; Mularoni, A.; Mariani, M.F.; Maraolo, A.E.; Scotto, R.; et al. Mortality attributable to bloodstream infections caused by different carbapenem-resistant Gram negative bacilli: Results from a nationwide study in Italy (ALARICO Network). Clin. Infect. Dis. 2023, ciad100. [Google Scholar] [CrossRef] [PubMed]

	



Wunderink, R.G.; Matsunaga, Y.; Ariyasu, M.; Clevenbergh, P.; Echols, R.; Kaye, K.S.; Kollef, M.; Menon, A.; Pogue, J.M.; Shorr, A.F.; et al. Cefiderocol versus high-dose, extended-infusion meropenem for the treatment of Gram-negative nosocomial pneumonia (APEKS-NP): A randomised, double-blind, phase 3, non-inferiority trial. Lancet Infect. Dis. 2021, 21, 213–225. [Google Scholar] [CrossRef] [PubMed]








[image: Antibiotics 12 00746 g001 550] 





Figure 1. Age and sex of study population that received CFD therapy in our hospital. 
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Figure 2. Types of infections of the study population that received CFD therapy in our hospital. 
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Figure 3. Microbiological isolates of the study population that received CFD therapy in our hospital. 
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Table 1. Demographic, clinical and microbiological features of patients who received CFD and subgroup analyses of those who received it as monotherapy and combination therapy regimens, 30-day survivors and non-survivors and infections sustained by carbapenem-resistant Acinetobacter baumannii.






Table 1. Demographic, clinical and microbiological features of patients who received CFD and subgroup analyses of those who received it as monotherapy and combination therapy regimens, 30-day survivors and non-survivors and infections sustained by carbapenem-resistant Acinetobacter baumannii.





	
Variables

	
Study

Population

	
Monotherapy

	
Combination

	
p Value

	
30-D

Survivors

	
30-D

Non-Survivors

	
p Value

	
CRAB




	
Patients

	
n = 41

	
n = 31

	
n = 10

	

	
n = 26

	
n = 15

	

	
n = 31






	
Males

	
20 (48.8)

	
15 (48.4)

	
5 (50.0)

	
0.93

	
11 (42.3)

	
9 (60.0)

	
0.27

	
16 (51.6)




	
Females

	
21 (51.2)

	
16 (51.6)

	
5 (50.0)

	
0.92

	
15 (57.7)

	
6 (40.0)

	
0.27

	
15 (48.4)




	
M:F ratio

	
0.9:1

	
0.9:1

	
1:1

	

	
0.7:1

	
1.5:1

	

	
1.1:1




	
Age, median years (IQR)

	
70 (54–75)

	
61 (52–76)

	
72 (64–74)

	
0.23

	
60 (51–75)

	
73 (70–78)

	
0.02

	
61 (52–73)




	
Age, years > 70

	
19 (46.3)

	
12 (38.7)

	
7 (70.0)

	
0.08

	
8 (30.8)

	
11 (73.3)

	
0.008

	
11 (35.5)




	
CCI, median (IQR)

	
5 (3–6)

	
5 (2–6)

	
4 (3–5)

	
0.92

	
4 (2–6)

	
5 (5–6)

	
0.07

	
4 (12.9)




	
CCI ≥ 4

	
29 (70.7)

	
22 (71.0)

	
7 (70.0)

	
0.95

	
15 (57.7)

	
14 (93.3)

	
0.01

	
20 (64.5)




	
Previous in hospital admission *

	
20 (48.8)

	
14 (45.2)

	
6 (60.0)

	
0.41

	
11 (42.3)

	
9 (60.0)

	
0.27

	
13 (41.9)




	
Previous bacterial infections *

	
17 (41.5)

	
11 (35.5)

	
6 (60.0)

	
0.17

	
8 (30.8)

	
9 (60.0)

	
0.60

	
12 (38.7)




	
Previous antibiotic therapy *

	
34 (82.9)

	
25 (80.6)

	
9 (90.0)

	
0.9

	
21 (80.7)

	
12 (80.0)

	
0.70

	
25 (80.6)




	
Unit at infection onset

	

	

	

	

	

	

	

	




	
Medical ward

	
20 (48.8)

	
16 (51.6)

	
4 (40.0)

	
0.52

	
13 (50.0)

	
7 (46.7)

	
0.83

	
14 (45.2)




	
Surgical ward

	
8 (19.5)

	
4 (12.9)

	
4 (40.0)

	
0.06

	
6 (23.1)

	
2 (13.3)

	
0.44

	
6 (19.3)




	
Intensive care unit

	
13 (31.7)

	
11 (35.5)

	
2 (20.0)

	
0.36

	
7 (26.9)

	
6 (40.0)

	
0.39

	
11 (35.5)




	
Types of infections

	

	

	

	

	

	

	

	




	
HAPs

	
17 (41.5)

	
15 (48.4)

	
2 (20.0)

	
0.11

	
8 (30.8)

	
9 (60.0)

	
0.05

	
13 (41.9)




	
cUTIs

	
5 (12.2)

	
5 (16.1)

	
0 (0)

	
0.17

	
5 (19.2)

	
0 (0)

	
0.06

	
3 (9.7)




	
cIAIs

	
8 (19.5)

	
4 (12.9)

	
4 (40.0)

	
0.06

	
3 (11.5)

	
5 (33.3)

	
0.08

	
6 (19.3)




	
SSTIs

	
9 (21.9)

	
6 (19.3)

	
3 (30.0)

	
0.47

	
8 (30.8)

	
1 (6.7)

	
0.07

	
8 (25.8)




	
Osteomyelitis

	
3 (7.3)

	
2 (6.4)

	
1 (10.0)

	
0.71

	
2 (7.7)

	
1 (6.7)

	
0.90

	
2 (6.4)




	
CNS infections

	
2 (4.9)

	
1 (3.2)

	
1 (10.0)

	
0.39

	
0 (0)

	
2 (13.3)

	
0.05

	
2 (6.4)




	
Bloodstream infections

	
18 (43.9)

	
14 (45.2)

	
4 (40.0)

	
0.77

	
10 (38.5)

	
8 (53.3)

	
0.35

	
15 (48.4)




	
Septic shock

	
14 (34.2)

	
11 (35.5)

	
3 (30.0)

	
0.75

	
4 (15.4)

	
10 (66.7)

	
0.0008

	
10 (32.2)




	
Bacterial isolates

	

	

	

	

	

	

	

	




	
Acinetobacter baumannii

	
31 (75.6)

	
25 (80.6)

	
6 (60.0)

	
0.18

	
20 (76.9)

	
11 (73.3)

	
0.79

	




	
Klebsiella pneumoniae

	
10 (24.4)

	
6 (19.3)

	
4 (40.0)

	
0.18

	
6 (23.1)

	
4 (26.7)

	
0.79

	




	
Pseudomonas aeruginosa

	
5 (12.2)

	
2 (6.4)

	
3 (30.0)

	
0.047

	
2 (7.7)

	
3 (20.0)

	
0.41

	




	
Escherichia coli

	
3 (7.3)

	
3 (9.7)

	
0 (0)

	
0.31

	
1 (3.8)

	
2 (13.3)

	
0.26

	




	
Stenotrophomonas maltophilia

	
1 (2.4)

	
1 (3.2)

	
0 (0)

	
0.56

	
1 (3.8)

	
0 (0)

	
0.44

	




	
Polymicrobial isolates

	
9 (22.0)

	
6 (19.3)

	
3 (30.0)

	
0.47

	
6(23.1)

	
3 (20.0)

	
0.47

	




	
No isolates

	
1 (2.4)

	
1 (3.2)

	
0 (0)

	
0.31

	
1 (3.8)

	
0 (0)

	
0.44

	








Where not otherwise defined, results are presented as the number of patients and their (%) in total. Here 30-D = thirty-day; CRAB = carbapenem-resistant Acinetobacter baumannii; M:F = male-to-female ratio; IQR = interquartile range; CCI = Charlson comorbidity index; HAP = hospital-acquired pneumonia; cIAI = complicated intrabdominal infections; cUTI = complicated urinary-tract infections; SSTI = soft-skin tissues infections; CNS = central nervous system; * see text; in bold significant p value (< 0.05).
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Table 2. Therapeutic features and outcomes for patients who received CFD. Subgroup analyses of those who received it as monotherapy and combination therapy regimens, 30-day survivors and non-survivors and infections sustained by carbapenem-resistant Acinetobacter baumannii.
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Variables

	
Study

Population

	
Monotherapy

	
Combination

	
p Value

	
30-D

Survivors

	
30-D

Non-Survivors

	
p Value

	
CRAB




	
Therapy

	
n = 41

	
n = 31

	
n = 10

	

	
n = 26

	
n = 15

	

	
n = 31






	
Days before therapy, median (IQR) *

	
21 (14–32)

	
19 (13–31)

	
22 (15–33)

	
0.53

	
23 (12–32)

	
17 (14–26)

	
0.31

	
21 (14–34)




	
Days of therapy, median (IQR)

	
9 (6–19)

	
9 (5–16)

	
13 (6–21)

	
0.36

	
10 (7–22)

	
7 (3–14)

	
0.16

	
9 (7–21)




	
Duration of therapy, >9 days

	
19 (46.3)

	
13 (41.9)

	
6 (60.0)

	
0.31

	
14 (53.8)

	
5 (33.3)

	
0.20

	
15 (48.4)




	
Monotherapy regimen

	
31 (75.6)

	

	

	

	
20 (76.9)

	
11 (73.3)

	
0.79

	
25 (80.6)




	
Combination therapy regimen

	
10 (24.4)

	

	

	

	
6 (23.1)

	
4 (26.7)

	
0.79

	
6 (19.3)




	
Outcomes

	

	

	

	

	

	

	

	




	
Microbiological eradication at EOT

	
33 (80.5)

	
27 (87.1)

	
6 (60.0)

	
0.06

	
22 (84.6)

	
11 (73.3)

	
0.43

	
25 (80.6)




	
Clinical cure at EOT

	
23 (56.1)

	
18 (58.1)

	
5 (50.0)

	
0.65

	

	

	

	
20 (64.5)




	
Clinical response in first 72 h *

	
33 (80.5)

	
24 (77.4)

	
9 (90.0)

	
0.38

	
22 (84.6)

	
11 (73.3)

	
0.43

	
28 (90.3)




	
Need to switch *

	
3 (7.3)

	
2 (6.4)

	
1 (10.0)

	
0.71

	
2 (7.7)

	
1 (6.7)

	
0.90

	
0 (0)




	
All-causes hospital mortality

	
19 (46.3)

	
14 (45.2)

	
5 (50.0)

	
0.78

	

	

	

	
15 (48.4)




	
30-D all-causes mortality

	
15 (36.6)

	
11 (35.5)

	
4 (40.0)

	
0.79

	

	

	

	
11 (35.5)








Where not otherwise defined, results are presented as the number of patients and their (%) on total. Here 30-D = thirty-day; CRAB = carbapenem-resistant Acinetobacter baumannii; IQR = interquartile range; EOT = end of therapy; * see text; in bold significant p value (<0.05).
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Table 3. Microbiological and therapeutical features and outcomes of each type of infection treated with CFD.
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Variables

	
HAPs

	
cUTIs

	
cIAIs

	
SSTIs

	
Osteomyelitis

	
CNS Infections

	
BSIs




	
Patients

	
n = 17

	
n = 5

	
n = 8

	
n = 9

	
n = 3

	
n = 2

	
n = 18






	
Bacterial isolates

	

	

	

	

	

	

	




	
Acinetobacter baumannii

	
13 (76.5)

	
3 (60.0)

	
6 (75.0)

	
8 (88.9)

	
2 (66.7)

	
2 (100)

	
15 (83.3)




	
Klebsiella pneumoniae

	
2 (11.8)

	
2 (40.0)

	
5 (62.5)

	
3 (33.3)

	
0 (0)

	
0 (0)

	
5 (27.8)




	
Pseudomonas aeruginosa

	
2 (11.8)

	
0 (0)

	
0 (0)

	
2 (22.2)

	
1 (33.3)

	
0 (0)

	
2 (11.1)




	
Escherichia coli

	
2 (11.8)

	
1 (20.0)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
1 (5.6)




	
Stenotrophomonas maltophilia

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
1 (5.6)




	
Polymicrobial isolates

	
3 (17.6)

	
1 (20.0)

	
3 (37.5)

	
3 (33.3)

	
0 (0)

	
0 (0)

	
0 (0)




	
No isolates

	
1 (5.8)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)

	
0 (0)




	
Therapy

	

	

	

	

	

	

	




	
Days of therapy, median (IQR)

	
8 (2–14)

	
10 (7–10)

	
10 (4–24)

	
11 (8–22)

	
32 (24–37)

	
12 (8–16)

	
9 (7–18)




	
Monotherapy regimen

	
15 (88.2)

	
5 (100)

	
4 (50.0)

	
6 (66.7)

	
2 (66.7)

	
1 (50.0)

	
14 (77.8)




	
Combination therapy regimen

	
2 (11.8)

	
0 (0)

	
4 (50.0)

	
3 (33.3)

	
1 (33.3)

	
1 (50.0)

	
4 (22.2)




	
Outcomes

	

	

	

	

	

	

	




	
Microbiological eradication at EOT

	
15 (88.2)

	
5 (100)

	
5 (62.5)

	
8 (88.9)

	
2 (66.7)

	
1 (50.0)

	
14 (77.8)




	
Clinical cure at EOT

	
5 (29.4)

	
4 (80.0)

	
3 (37.5)

	
8 (88.9)

	
2 (66.7)

	
1 (50.0)

	
9 (50.0)




	
Clinical response in first 72 h *

	
11 (64.7)

	
4 (80.0)

	
6 (75.0)

	
8 (88.9)

	
3 (100)

	
2 (100)

	
16 (88.9)




	
30-D all-causes mortality

	
9 (52.9)

	
0 (0)

	
5 (62.5)

	
1 (11.1)

	
1 (33.3)

	
2 (100)

	
8 (44.4)








Where not otherwise defined, results are presented as the number of patients and their (%) on total. HAP = hospital-acquired pneumonia; cIAI = complicated intrabdominal infections; cUTI = complicated urinary-tract infections; SSTI = soft-skin tissues infections; CNS = central nervous system; BSI = bloodstream infection; IQR = interquartile range; EOT = end of therapy; * see text; 30-D = thirty-days.
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Table 4. Summary of real-life clinical studies on CFD efficacy present in literature and 30-D mortality rates for each type of infection.
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	Variables
	Our Study
	Falcone

et al. [12]
	Pascale

et al. [13]
	Hoellinger

et al. [14]
	Weber

et al. [15]
	Corcione

et al. [16]
	Meschiari

et al. [17]
	Bavaro

et al. [18]
	König

et al. [19]
	Gavaghan et al. [20]





	No. of patients
	41
	47
	42
	10
	8
	18
	17
	13
	5
	24



	Median age (IQR)
	70 (54–75)
	63 (53–75)
	64 (55–73)
	66 (56–71.5)
	64 (39–80)
	54.5 (35–65)
	64 (58–73)
	63 (53–69)
	55 (41–76)
	66.5 (60–74)



	HAPs/VAPs
	9/17 (52.9)
	7/12 (58.3)
	NA/14
	4/5 (80)
	0/2 (0)
	4/13 (30.8)
	3/8 (37.5)
	1/3 (33.3)
	1/4 (25)
	9/19 (47.4)



	CRAB
	8/13 (61.5)
	7/12 (58.3)
	NA/14
	1/1 (100)
	0
	4/13 (30.8)
	1/1 (100)
	1/2 (50)
	1/2 (50)
	5/12 (41.7)



	K. pneumoniae
	1/2 (50)
	NA
	0
	0
	0
	0
	1/1 (100)
	0
	0
	2/3 (66.7)



	P. aeruginosa
	0/2 (0)
	NA
	0
	1/2 (50)
	0/2 (0)
	0
	3/8 (37.5)
	0/1 (0)
	0/2 (0)
	3/7 (42.8)



	Polymicrobial
	2/3 (66.7)
	NA
	NA
	0
	0
	0
	2/3 (66.7)
	0
	0
	2/6 (33.3)



	cIAIs
	5/8 (62.5)
	NA/1
	NA
	0/1 (0)
	1/1 (100)
	0
	2/4 (50)
	0/2 (0)
	0
	0



	cUTIs
	0/5 (0)
	0
	NA
	2/2 (100)
	0/4 (0)
	0
	0
	0
	0
	0/1 (0)



	SSTIs
	1/9 (11.1)
	NA/5
	NA
	0
	0
	0/1 (0)
	0/1 (0)
	0/1 (0)
	0
	2/4 (50)



	Osteomyelitis
	1/3 (33.3)
	NA/0
	NA
	0
	0/1 (0)
	0
	1/1 (100)
	0
	0
	0



	CNS infections
	2/2 (100)
	NA/1
	NA
	1/1 (100)
	0
	0
	0/1 (0)
	0
	0
	0



	BSIs
	8/18 (44.4)
	7/27 (25.9)
	NA/27
	5/6 (83.3)
	1/1 (100)
	5/15 (33.3)
	1/4 (25)
	3/9 (33.3)
	1/2 (50)
	3/5 (60)



	CRAB
	7/15 (46.7)
	7/27 (25.9)
	NA/27
	1/1 (100)
	0
	5/13 (38.5)
	0
	3/8 (37.5)
	0/1 (0)
	3/3 (100)



	Septic shock
	10/14 (71.4)
	NA/30
	NA/18
	5/6 (83.3)
	1/1(100)
	NA
	3/5 (60)
	1/4 (25)
	2/5 (40)
	NA



	30-D Mortality
	15/41 (36.6)
	16/47 (34)
	23/42 (55)
	6/10 (60)
	1/8 (12.5)
	5/18 (27.8)
	4/17 (23.5)
	3/13 (23.1)
	2/5 (40)
	10/24 (42)







Where not otherwise defined, results are presented as patients expired/total patients (%). Here 30-D = thirty-days; IQR = interquartile range; HAP = hospital-acquired pneumonia; VAP = ventilatory-associated pneumonia; CRAB = carbapenem-resistant Acinetobacter baumannii; cIAI = complicated intrabdominal infections; cUTI = complicated urinary-tract infections; SSTI = soft-skin tissues infections; CNS = central nervous system.
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