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Abstract



Background: Current guidelines for the management of patients with febrile neutropenia don't recommend the use of empirical combination antibiotic therapy. The addition of an aminoglycoside to the recommended broad-spectrum ß-lactam could be beneficial because of the pharmacological properties of these drugs, and because it broadens the antibacterial spectrum. However, the risk-benefit of adding an aminoglycoside to the ß-lactam is far from clear, especially considering adverse events and the current situation of widespread antimicrobial resistance. We hypothesize that combination therapy may be more effective than monotherapy in this scenario; therefore, we aim to compare the effectiveness of these two strategies for the treatment of bacteraemia due to Gram-negative bacilli (GNB) in neutropenic haematological patients.



Methods: Multinational, multicentre, retrospective, observational cohort study. Adult haematological patients with neutropenia and GNB bacteraemia receiving adequate empirical ß-lactam monotherapy, or combination therapy with a ß-lactam + aminoglycoside (January 2010 - June 2017), will be analysed. The primary endpoint will be 30-day case-fatality rate. Secondary endpoints will be 7- and 14-day case-fatality rates, nephrotoxicity, persistent bacteraemia, relapse of bacteraemia, infection by resistant bacteria, and intensive care unit admission.



Discussion: Early and appropriate empirical antibiotic therapy is the cornerstone in the treatment of patients with severe infections. In patients with impaired immunity such as those with haematological diseases and neutropenia, the role of the antibiotic in the course of infection is even more crucial. Prescribing the optimal antibiotic therapy for neutropenic patients with bacteraemia due to GNB is a daily challenge for clinicians, and the impact of monotherapy with a broad-spectrum ß-lactam versus combination therapy with a broad-spectrum ß-lactam + an aminoglycoside on clinical and microbiological outcomes remains a controversial issue. A meta-analysis published in 2013, found that ß-lactam monotherapy performed better than ß-lactam-aminoglycoside combination therapy for the treatment of bacteraemia in patients with febrile neutropenia with regard to mortality, fungal super-infections, and nephrotoxicity. However, this meta-analysis was performed with data from studies performed between 1983 and 2012, when the burden of bacterial resistance was increasing but had not yet reached the levels we are facing at the moment.
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Introduction





Patients with haematological malignancies, and especially those with severe neutropenia, are prone to infections with high associated morbidity and mortality. Specifically, they are at high risk of Gram-negative bacteraemia due to chemotherapy-induced gastrointestinal mucositis and prolonged periods of neutropenia. Owing to the impact of infection on clinical outcomes, antibiotic therapy is usually initiated empirically upon suspicion of infection before the causative pathogen/s or their susceptibilities are identified. Historically, initial empirical antibiotic therapy for febrile neutropenia consisted in combination therapy including double ß-lactam regimens and, afterwards, aminoglycoside-ß-lactam combinations [1,2]. Pharmacological properties of aminoglycosides include fast and concentration-dependent killing of bacteria, with a post-antibiotic effect and a potential synergistic effect [3]. Moreover, addition of an aminoglycoside broadens the antibacterial spectrum, which in an era of increasing antimicrobial resistance may reduce the risk of prescribing inadequate empirical treatment and, at the same time, may provide protection against the development of bacterial resistance. However, despite these potential advantages, the use of aminoglycosides remains controversial because of their adverse events, mainly nephrotoxicity.




In this regard, clinical trials and meta-analyses have failed to demonstrate a beneficial effect of ß-lactam + aminoglycoside combination therapy over ß-lactam monotherapy on survival in patients with febrile neutropenia. In this patient population, the 2011 Infectious Diseases Society of America (IDSA) guidelines recommend the use of an antipseudomonal ß-lactam in monotherapy [4]. However, multidrug-resistant Gram-negative bacilli (MDRGNB), and particularly carbapenem-resistant strains, are spreading quickly and severely compromise patients' outcomes [5-9]. Currently, the guidelines of the European Conference on Infections in Leukaemia (ECIL) recommend applying an escalation or de-escalation strategy according to the individual risk of infection due to resistant organisms of each patient [10]. Thus, it is still a matter of debate whether monotherapy with a broad- spectrum ß-lactam may be sufficient in the empirical approach of high-risk haematological patients with febrile neutropenia in the current era of widespread antimicrobial resistance. It is also unclear whether the risk-benefit balance of combination is positive, especially regarding toxicity, considering that haematological patients are likely to be administered frequent repeated cycles of potentially nephrotoxic antibiotics and other drugs that may favour the development of kidney disease.





Hypothesis of the Study



This study will test the hypothesis that combination therapy with a ß-lactam + an aminoglycoside may be more effective than monotherapy with a ß-lactam for the treatment of bacteraemia due to GNB in neutropenic haematological patients in an era of widespread antimicrobial resistance.





Objectives of the Study



Primary endpoint: To compare the efficacy of ß-lactam monotherapy versus ß-lactam + aminoglycoside combination therapy for the treatment of bacteraemia due to GNB in neutropenic haematological patients, measured in terms of 30-day case-fatality rate.



Secondary endpoints: To compare the rates of the following events between study groups (monotherapy versus combination therapy):




a.	Death at 7 and 14 days from bacteraemia onset.


b.	Nephrotoxicity.



c.	Persistent bacteraemia.



d.	Relapse of bacteraemia.



e.	Colonization/infection by bacteria resistant to study antibiotics.



f.	Rate of intensive care unit admission.




Methods and Analysis




 
Study Design



We will perform a multinational, multicentre, retrospective, observational cohort study with data collected from 1 January 2010 to 30 June 2017. This study will be conducted following the Declaration of Helsinki guidelines and in accordance with the STROBE recommendations (Table 1) [11]. 




Table 1:    STROBE 2007 (v4) Statement-Checklist of items that should be included in reports of cohort studies.

[image: ]







Setting



The study will be performed at six university hospitals from three countries: Argentina (1 centre), Spain (4 centres), and Turkey (1 centre).




Participants



Data will be collected on adult haematological patients with neutropenia and at least one episode of bacteraemia due to GNB for which they received (for at least 48h) either adequate monotherapy with a ß-lactam or combination therapy with a ß-lactam + an aminoglycoside as empirical antibiotic therapy.




Selection of Cases



Patients will be identified from previous prospective databases collected by each of the participating centres. These centres will retrospectively review all episodes of GNB bacteraemia occurring in neutropenic haematological patients during the study period.





Inclusion Criteria




a.	Adult patients (≥ 18 years).



b.	Haematological disease and/or haematopoietic stem cell transplant (HSCT) recipients.



c.	Neutropenia (<500 neutrophils/mm3).



d.	Bacteraemia due to GNB.



e.	Empirical appropriate antibiotic therapy with a ß-lactam +/- an aminoglycoside for at least 48 hours. Patients who receive at least one of the two antibiotics active in vitro against the infecting organism will be considered to have received appropriate empirical antibiotic therapy.






Exclusion Criteria



a.	Unavailability of key data (related mainly to empirical antibiotic therapy and outcomes).


b.	Receipt of inappropriate empirical antibiotic therapy. Variables






Patients' data will be collected retrospectively from prospective bacteraemia databases kept at each participating centre. The following data will be collected: sex, age, creatinine and glomerular filtration values at different times during antibiotic treatment, underlying disease and comorbidities, haematological malignancy status, blood test results including the neutrophil counts at the onset of infection, performance of haematological stem cell transplantation, risk of poor outcomes according to the Multinational Association of Supportive Care in Cancer (MASCC) index score12, source of bacteraemia, source control status, clinical and microbiological data, duration of neutropenia, prior therapies received (e.g., antibiotics, immunosuppressants), recent hospital and intensive care unit admission, recent antibiotic therapy, recent invasive therapies and procedures, prior episodes of bacteraemia, empirical and targeted antimicrobial therapy, duration of each antibiotic therapy, need for ICU admission and mechanical ventilation, persistent bacteraemia, relapse of bacteraemia, colonization and/or infection by a resistant organism, very early, early, and late case-fatality rates, and incidence and degree of nephrotoxicity





Definitions


Empirical And Targeted Antibiotic Therapy: Antimicrobial therapy administered before susceptibility results become available will be considered as empirical, and antibiotic therapy prescribed according to susceptibility results will be considered as targeted.



Appropriate Antibiotic Therapy: Administration for > 48h of at least one antimicrobial agent to which the causal pathogen is susceptible according to validated laboratory antimicrobial susceptibility tests.




Very Early, Early, and Late Case-Fatality Rates: Case-fatality rates at 7, 14 and 30 days from bacteraemia onset due to any cause.




Acute Kidney Injury (AKI): AKI will be defined and classified following the AKIN criteria, in which stage 1 of AKI is defined as a rise in plasma creatinine concentration of 1.5-1.9 times baseline OR by ≥0.3 mg/dL (≥26.5 μmol/L) increase; stage 2 is defined as a rise in plasma creatinine concentration of 2.0-2.9 times baseline; and stage 3 is defined as a rise in plasma creatinine concentration of 3.0 times baseline OR initiation of renal replacement therapy and/or any use of renal replacement therapy [13].




Nephrotoxicity: AKI will be attributed to nephrotoxic drugs following the Bradford-Hill causality criteria and considering that no causes of AKI other than drugs have been identified in the clinical context.





Microbiological Studies



Clinical samples will be processed at the microbiology laboratories ofeach participating centre in accordance with standard operating procedures. GNB will be identified using standard microbiological techniques at each centre. In vitro susceptibility will be determined according to EUCAST recommendations [14]. The specific mechanisms of resistance will be provided when possible according to molecular analyses. GNB will be considered to be MDR according to the definitions provided by Magiorakos et al. [15].





Participant timeline



The follow-up period of each patient will last 30 days after bacteraemia onset.





Study outcomes and endpoint assessment



 Primary endpoint:



a) Case-fatality rate at 30 days from bacteraemia onset.




Secondary Endpoints: Except for 7- and 14-day case-fatality rates, the other outcomes will be assessed within 30 days of bacteraemia onset.



a)	7- and 14-day case fatality rate: all cause case-fatality rate at 7 and 14 days from bacteraemia onset.



b)	Nephrotoxicity: Creatinine and glomerular filtration values will be collected at the start and at the end of antibiotic treatment. In patients receiving aminoglycosides, these values will also be recorded at the end of the administration of the aminoglycoside, and also after 72 hours and seven days, to assess late-onset nephrotoxicity due to these drugs.



c)	Persistent Bacteraemia: positive blood cultures beyond the first 48h of appropriate antibiotic therapy.



d)	Relapse of Bacteraemia: positive blood cultures due to the same GNB within 15 days of treatment discontinuation.



e)	Rate of colonization/infection due to bacteria resistant to the study antibiotics.



f)	Rate of intensive care admission.







Bias


This is an observational retrospective study performed with data collected prospectively on empirical antibiotic therapy of GNB bacteraemia in haematological patients with febrile neutropenia, for which the empirical antibiotic choice was at the discretion of the treating physician. Therefore, the main bias that we are facing is that the choice of monotherapy versus combination therapy may be influenced by several variables related to the patient and the clinical presentation. To account for this bias, survival analysis through Cox proportional hazards regression models will be adjusted by a propensity score for receiving combination therapy as empirical therapy [16].





Sample Size



The sample size will be determined by the total number of episodes of GNB bacteraemia in neutropenic haematological patients empirically treated either with te-lactam monotherapy or te-lactam + aminoglycoside combination therapy at the participating centres during the study period. Assuming 25% mortality due to GNB bacteraemia in both groups, 426 observations will be required to estimate the differences between monotherapy and combination therapy with a precision of 0.06, without loss to follow-up, with a = 0.05 and μ = 0.2 in a two-sided test.





Statistical Analysis



Neutropenic patients empirically treated with combination therapy with a te-lactam + aminoglycoside will be compared with those treated with monotherapy with a te-lactam for the treatment of GNB bacteraemia. Continuous quantitative variables will be compared using the Mann-Whitney U test or t-test as appropriate. Qualitative variables will be compared using the chi-square test, and odds ratios and 95% confidence intervals will be calculated. The potential risk factors associated with mortality will be assessed by developing three multiple logistic regression models where the dependent variables will be very early, early, and late case-fatality rates. Case-fatality rates of patients treated with monotherapy or combination therapy will be compared using Kaplan-Meier curves and log-rank tests. Further, case-fatality rates at days 7, 14, and 30 will be analysed using the chi square test to compare very early, early, or late mortality between study groups.




To control for confounding variables, multivariate analysis will be performed by Cox regression, using time until death as the dependent variable and treatment with monotherapy or combination therapy as the independent variable. A propensity score for receiving combination therapy as empirical therapy will be added to the model. The propensity score (the probability of receiving combination therapy as empirical therapy) will be calculated using a non-parsimonious multiple logistic regression model in which the outcome variable will be the use of combination therapy as empirical therapy. No missing data are expected regarding the main outcomes, since the unavailability of related data is an exclusion criterion. Exploratory subgroup analyses will also be performed according to the type of p-lactam received, the targeted therapy administered, and the microorganisms causing bacteraemia (resistant or susceptible). The analysis will be performed with the stepwise logistic regression model of the R software (R v. 3.2.5).




Discussion



Early and appropriate empirical antibiotic therapy is the cornerstone in the treatment of patients with severe infections. In patients with impaired immunity such as those with haematological diseases and neutropenia, the role of the antibiotic in the course of infection is even more crucial [7]. Prescribing the optimal antibiotic therapy for neutropenic patients with bacteraemia due to GNB is a daily challenge for clinicians, and the impact of monotherapy with a broad-spectrum te-lactam versus combination therapy with a broad-spectrum te-lactam + an aminoglycoside on clinical and microbiological outcomes remains a controversial issue.




As far as efficacy is concerned, the use of two antibiotics with two different spectrums of activity should theoretically provide a higher probability of covering the infecting pathogen. Furthermore, the interaction between two antibiotics with different mechanisms of action and different post-antibiotic effects may be synergistic and may improve on the bacterial kill activity of the antibiotics when administered separately [17-19].



Nevertheless, real life data on this issue are contradictory. A meta-analysis by Paul et al. including 71 trials, published in 2013, found that te-lactam monotherapy performed better than te-lactam-aminoglycoside combination therapy for the treatment of bacteraemia in patients with febrile neutropenia with regard to mortality (for monotherapy, RR 0.80, 95% CI 0.64-0.99), fungal super-infections, and nephrotoxicity (RR 0.45, 95% CI 0.35 to 0.57 for any nephrotoxicity, RR 0.31, 95% CI 0.15 to 0.63 when using a nephron-protective once-daily aminoglycoside dosing regimen). The authors concluded that monotherapy should be regarded as the standard of care for the empirical treatment of febrile neutropenic patients, and that the addition of an aminoglycoside not only failed to improve survival but was associated with significant morbidity, mainly through aminoglycoside-associated nephrotoxicity [20].



However, this meta-analysis was performed with data from studies performed between 1983 and 2012, when the burden of bacterial resistance was increasing but had not yet reached the levels we are facing at the moment [21]. Bacteraemia caused by MDRGNB is strongly associated with increased rates of treatment failure and mortality in patients with neutropenia, probably due to inappropriate empirical antibiotic therapy [22,23]. Therefore, it is not surprising that recent reports suggest that combination therapy with a ß-lactam + aminoglycoside may be associated with better outcomes in the current scenario of increasing antimicrobial resistance. In a previous study of a prospective cohort of neutropenic patients with haematological malignancies and bacteraemia, our group found that combination therapy with a ß-lactam + aminoglycoside was associated with significantly lower mortality [24]. In fact, in view of this phenomenon of increasing antimicrobial resistance, specific guidelines recommend a de-escalation approach with initial broad-spectrum antibiotics or combination therapy for patients with known prior colonization or infection with resistant pathogens, as well as in settings with high rates of antimicrobial resistance [10].



With regard to safety, the incidence of antibiotic-related adverse events (mainly nephrotoxicity due to aminoglycosides) is one of the factors that most limits the prescription of combination therapy However, it has been shown that nephrotoxicity is usually mild as long as the drug is administered using nephron-protective once- daily dosing regimens and only for short periods of time [25,26]. The short regimen is frequently used empirically in neutropenic patients until the results from the microbiology laboratory become available; once the results are known, the aminoglycoside is usually suspended in order to narrow the spectrum and avoid adverse events. The impact of short courses of aminoglycosides on outcomes has been reported by (among others) Ong and colleagues, who performed a study evaluating the effects of a short add-on course of gentamicin (maximum three days of treatment) on the rates of AKI, reversal of shock, and death, in critically ill patients admitted in the ICU with severe sepsis or septic shock [27]. The authors found that this strategy was associated with an increased incidence of AKI, but not with faster reversal of shock or improved survival. However, the study was performed in a setting with low prevalence of antimicrobial resistance and with patients who were not neutropenic.



The efficacy and safety of short add-on courses of aminoglycosides for the treatment of GNB bacteraemia in haematological patients with neutropenia in an era of increasing antimicrobial resistance is yet to be evaluated. Furthermore, therapeutic drug monitoring of trough concentrations of aminoglycosides for titrating dosing based on Bayesian methods is extensively used today in order to optimize the aminoglycoside's antimicrobial effect and, at the same time, to minimize the risk of nephrotoxicity [28].



This study aims to compare the efficacy and safety of ß-lactam monotherapy versus ß-lactam + aminoglycoside combination therapy for the treatment of bacteraemia due to GNB in neutropenic haematological patients in an era of increasing bacterial resistance. The relevance of the study lies in the fact that it targets a patient population prone to severe or even life-threatening bacteraemia due to GNB for which early empirical appropriate antibiotic therapy is likely to be the main determinant of outcomes. If we are able to demonstrate that antibiotic combination therapy with an aminoglycoside is beneficial in improving patients' outcomes, this might have an important impact on daily clinical practice.




Study Status



The collection of patients’ data started on 1st July 2018, and it will be completed in 30th October 2018. Protocol version number 2.0. Date: 24rd November 2017.
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(¢) Explain how missing data were addressed

(d) If applicable, explain how loss to follow-up was addressed

(e) Describe any sensitivity analyses

Results

Participants

() Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data

(2) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(¢) Summarise follow-up time (eg, average and total amount)

Outcome data

Report numbers of outcome events or summary measures over time

Main results

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(©) If relevant, consider translating estimates of relative risk into absolute risk for
2 meaningful time period

Other analyses

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses

Discussion

Key results

Summarise key results with reference to study objectives

Limitations

Interpretation

Give a cautious overall interpretation of results considering objectives,
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability

Discuss the generalisability (external validity) of the study results

Other information

Funding

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based
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