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1 EXECUTIVE SUMMARY 

1.1 Introduction 
Sulbactam-durlobactam is a combination of sulbactam, a β-lactam antibacterial, and 
durlobactam, a β-lactamase inhibitor, with the proposed indication in adults (≥ 18 years 
of age) for the treatment of hospital-acquired bacterial pneumonia (HABP) and 
ventilator-associated bacterial pneumonia (VABP) caused by susceptible strains of 
Acinetobacter baumannii-calcoaceticus complex (ABC). 

The recommended dose is 1.0 g sulbactam and 1.0 g durlobactam every 6 hours (q6h) 
administered as a 3-hour intravenous (IV) infusion in patients with creatinine clearance 
(CLCR) of 45–129 mL/min. Dose adjustments are required for patients with CLCR < 45 
and ≥ 130 mL/min. The proposed duration of treatment is at least 7 days and up to 14 
days, depending on clinical response.  

Acinetobacter baumannii is a Gram-negative bacterial pathogen that has emerged 
globally as a major cause of hospital-acquired infections (Ayoub Moubareck and 
Hammoudi Halat 2020). A. baumannii is the predominant member of a closely related 
group of bacterial species known as ABC (Ayoub Moubareck and Hammoudi Halat 
2020; Harding et al 2018). Infections caused by ABC are associated with high morbidity 
and mortality and have become increasingly difficult to treat as multidrug-resistant 
(MDR) and carbapenem-resistant strains have emerged (Antimicrobial Resistance 
2022). Carbapenem-resistant A. baumannii (or CRAB) is considered an urgent public 
health threat by the United States Centers for Disease Control and Prevention (US 
CDC) and “priority 1, critical” by the World Health Organization (WHO) (CDC 2019; 
WHO 2017). This rise in resistant strains leaves physicians with no clear standard-of-
care antibiotic regimen for their patients, highlighting a significant unmet need for safe 
and effective treatments that provide clinically meaningful benefit over existing therapies 
(Gales et al 2019; Tamma et al 2022). 

Entasis Therapeutics (hereafter referred to as Entasis) is seeking approval of 
sulbactam-durlobactam in adults for the treatment of HABP and VABP caused by 
susceptible strains of ABC. This indication aligns with the August 2017 FDA guidance 
on ‘Antibacterial Therapies for Patients With an Unmet Medical Need for the Treatment 
of Serious Bacterial Diseases’ and also reflects the population studied in the pivotal 
Phase 3 trial (FDA 2017). 

The totality of evidence with sulbactam-durlobactam supports the positive benefit-risk 
profile for the proposed indication. This includes: 

• A comprehensive nonclinical assessment, including microbiology data, primary 
and secondary pharmacodynamics (PD), safety pharmacology, drug-drug 
interactions, pharmacokinetics (PK), and toxicology data, as well as genotoxicity, 
reproductive, and developmental toxicity. 
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• Robust PK and PK/PD data with population PK modeling from Phase 1, Phase 2, 
and Phase 3 trials, probability of target attainment (PTA) analyses, as well as 
data on clinical and microbiological outcomes from the Phase 3 trial. 

• Safety data on sulbactam-durlobactam collected from 8 clinical studies, including 
six Phase 1 studies, one Phase 2 trial, and one adequate and well-controlled 
Phase 3 clinical trial. 

• Safety and efficacy data from the adequate and well-controlled Phase 3 trial in 
which sulbactam-durlobactam met all safety and efficacy objectives. 

• Over 30 years of well-established safety profile of sulbactam since the approval 
of Unasyn®. 

1.2 Background and Unmet Need 
According to the CDC, infections caused by A. baumannii typically occur in patients in 
healthcare settings (CDC 2019). Patients on mechanical ventilators and those with 
central line-catheters have the highest proportion of infections caused by A. baumannii.  

Pneumonia and bacteremia are the most common infections caused by ABC, but these 
organisms can also cause skin, soft tissue, wound, and urinary tract infections as well 
as osteomyelitis and meningitis (Alsan and Klompas 2010). ABC has become 
increasingly difficult to treat due to the emergence of multidrug- and carbapenem-
resistant strains (Ayoub Moubareck and Hammoudi Halat 2020; Gales et al 2019). ABC 
has acquired resistance genes for almost all antibiotics used to treat Gram-negative 
bacteria (Gales et al 2019; Peleg et al 2008; Wong et al 2017). Consequently, CRAB 
has emerged as a significant public health concern and is classified as an “urgent 
threat” pathogen (CDC 2019). CRAB is also ranked as “priority 1 critical” on the WHO 
global priority list of antibiotic-resistant bacteria to guide research, discovery, and 
development of new antibiotics (WHO 2017). Globally, CRABC is the 5th leading cause 
of death attributable to antimicrobial resistance, with > 450,000 deaths in 2019 
(Antimicrobial Resistance 2022).  

Current treatment guidance for infections caused by carbapenem-resistant 
Acinetobacter species underscores the many challenges in selecting appropriate 
therapy (Tamma et al 2022). As noted in the Infectious Disease Society of America 
(IDSA) guidance, “there is no clear ‘standard of care,’ antibiotic regimen” and “data 
supporting a prioritization of specific agents with CRAB activity or the additive benefit of 
commonly used combination regimens for CRAB remain incomplete,” highlighting the 
urgent unmet medical need for this patient population (Tamma et al 2022).  

Sulbactam-durlobactam, if approved, would be a treatment option for HABP and VABP 
caused by susceptible strains of ABC. 
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1.3 Overview of Sulbactam-Durlobactam 
Sulbactam-durlobactam is a targeted antibiotic combination of sulbactam, a β-lactam 
antibacterial with intrinsic activity against ABC, and durlobactam, a β-lactamase inhibitor 
with broad spectrum activity against Classes A, C, and D serine β-lactamases. 

The antibacterial activity of sulbactam is through inhibition of essential cell wall 
enzymes, penicillin-binding-protein 1 and 3 (PBP1; PBP3) (Penwell et al 2015). 
Although sulbactam is available as a standalone product in a small number of countries 
(e.g., Combactam®, Germany), the vast majority of human use is in combination with a 
β-lactam (e.g., Unasyn®, ampicillin-sulbactam). Unasyn is approved by regulatory 
authorities in the US, Europe, and the Asia-Pacific region.  

Durlobactam is a member of the diazabicyclooctane (DBO) class of β-lactamase 
inhibitors with a spectrum of activity that encompasses clinically important β-lactamases 
of Ambler Class A, C, and broad-spectrum Class D β-lactamases. Most importantly, 
durlobactam effectively restores sulbactam activity in vitro against drug-resistant ABC 
organisms (Durand-Reville et al 2017; Karlowsky et al 2022). 

Evaluation of sulbactam-durlobactam using in vivo efficacy models and in vitro hollow 
fiber studies indicates that sulbactam-durlobactam is efficacious against A. baumannii, 
including MDR strains. In vivo studies included the use of murine neutropenic thigh and 
lung infection models, which have been shown to translate well to clinical efficacy 
(Bulitta et al 2019). 

The pharmacology, PK, and safety of durlobactam, both alone and in combination with 
sulbactam, have been well-characterized in a comprehensive series of in vitro and in 
vivo nonclinical studies (additional details provided in Sections 4 and 5). These studies 
have defined the key pharmacological properties including the PK, distribution, 
metabolism, excretion, and potential to cause drug-drug interactions (DDIs) of 
sulbactam-durlobactam, as well as the key test article-related safety findings and the 
reversibility of these changes. Also, addition of imipenem has minimal effect on the 
activity of sulbactam-durlobactam in ABC pathogens (additional details provided in 
Section 7.1.2.3.2).  

1.4 Clinical Development Program of Sulbactam-Durlobactam 
Entasis has received guidance and advice from the Food and Drug Administration 
Division of Anti-Infectives (FDA DAI) through a series of collaborative interactions 
throughout the clinical development of sulbactam-durlobactam (additional details 
provided in Section 6.2). The sulbactam-durlobactam clinical development program 
consists of 8 clinical studies (Table 1), including five Phase 1 studies in healthy adult 
participants, one Phase 1 study in adult participants with varying degrees of renal 
impairment, one Phase 2 trial to evaluate PK and safety in adult patients with 
complicated urinary tract infections (cUTI) including acute pyelonephritis (AP), and one 
Phase 3 trial in adult patients with infections caused by ABC, including multidrug- and 
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sulbactam-durlobactam. Entasis submitted the NDA for sulbactam-durlobactam for the 
treatment indication on 29 September 2022.   

In May 2020, an Expanded Access Program (EAP) was initiated for patients ineligible to 
participate in the clinical trial and who had a documented serious and immediately life-
threatening infection caused by drug-resistant ABC. This program permitted access to 
investigational sulbactam-durlobactam for treatment outside of the clinical trial when no 
comparable or satisfactory alternative therapy option was available. 

1.5 Efficacy Findings 
In the pivotal Phase 3 trial, sulbactam-durlobactam met the primary efficacy endpoint of 
noninferiority for 28-day all-cause mortality in the primary analysis population (CRABC 
microbiologically Modified Intent-to-Treat [m-MITT] Population in Part A, as defined in 
Table 2). In addition, secondary all-cause mortality analyses across various prespecified 
populations for both Part A and Part B of the Phase 3 trial were consistent with the 
primary efficacy analysis, supporting the clear benefit of sulbactam-durlobactam in 
patients with serious infections caused by ABC, including multidrug- and carbapenem-
resistant strains.  

1.5.1 Two-Part Phase 3 Trial (CS2514-2017-0004)  

The Phase 3 trial was a global, two-part (A and B) trial that assessed the efficacy and 
safety of 1.0 g sulbactam/1.0 g durlobactam for 7–14 days of treatment in patients with 
serious infections caused by ABC, including multidrug- and carbapenem-resistant 
strains (Figure 1). The Phase 3 trial employed a non-inferiority design, as discussed and 
agreed with the FDA DAI. A Test of Cure (TOC) visit was completed 7 ± 2 days after the 
last dose, and survival was assessed at Day 28.   

1.5.1.1 Phase 3 Part A  

Part A was the randomized, assessor-blinded, comparative portion of the Phase 3 trial. 
Patients were randomized (1:1) to 1.0 g sulbactam/1.0 g durlobactam or 2.5 mg/kg 
colistin. All patients in both treatment groups received 1.0 g imipenem/1.0 g cilastatin as 
background therapy to treat non-ABC co-infecting pathogens. Imipenem/cilastatin was 
also considered an effective therapy for patients with infections caused by carbapenem-
susceptible ABC, an appropriate therapeutic partner to treat CRABC in the colistin 
group, and had a dosing regimen (q6h) consistent with sulbactam-durlobactam 
administration in patients with normal renal function.   

Randomization was stratified by infection type (HABP/VABP/ventilated pneumonia [VP] 
vs bacteremia), severity of illness, and geography. A total of 92 patients were 
randomized to the sulbactam-durlobactam group and 89 patients to the colistin group. 

Eligible patients were ≥ 18 years of age with a diagnosis of a serious infection caused 
by ABC as either a single pathogen or member of a polymicrobial infection confirmed by 
culture. In addition, patients must have had ≤ 48 hours of potentially effective 
antimicrobial therapy before first dose of study drug or clinically failed prior treatment 
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(i.e., clinical deterioration or failure to improve after ≥ 48 hours of antibiotics) and an 
Acute Physiology and Chronic Health Evaluation (APACHE) II score 10–30 or 
Sequential Organ Failure Assessment (SOFA) score 1–11. Patients were excluded from 
Part A if they had an infection known to be resistant to colistin or polymyxin B. Other key 
exclusion criteria included hypersensitivity or allergic reaction to a β-lactam, 
contraindication to use of cilastatin, pulmonary disease that precludes evaluation of 
therapeutic response, and presence of suspected or confirmed deep-seated infection. 

1.5.1.1.1 Selection of Comparator  
Colistin was selected as the active comparator for this study as it was a treatment 
option for serious infections caused by resistant A. baumannii. At the time of study 
design, there was no clear standard-of-care for the treatment of CRAB infections and no 
new treatment options were approved. Colistin has been used worldwide to treat MDR 
A. baumannii either alone or in combination. Overall mortality rates of 25–57% were 
reported in patients treated with colistin-based therapies (Alvarez-Marin et al 2016; 
Sirijatuphat and Thamlikikul 2014) which compares to mortality rates of 65–87% in 
patients who were not treated or had delayed treatment including inappropriate therapy 
(Erbay et al 2009; Lee et al 2014), indicating that colistin-based therapies were effective 
for the treatment of serious infections caused by resistant A. baumannii. The dosing of 
colistin was based on the USPI and updated guidance for IV colistin in critically ill 
patients (Nation et al 2016; Nation et al 2017).  

1.5.1.2 Phase 3 Part B  

Part B was the open-label portion of the Phase 3 trial that included patients known to 
have HABP, VABP, VP, and/or bacteremia infections associated with ABC organisms 
resistant to colistin or polymyxin B or who failed colistin or polymyxin B regimen prior to 
trial entry. Eligible patients received 1.0 g sulbactam/1.0 g durlobactam and 1.0 g 
imipenem/1.0 g cilastatin as background therapy to treat non-ABC co-infecting 
pathogens in the case of polymicrobial infections. All other general inclusion and 
exclusion criteria for Part B were similar to those of Part A. A total of 28 patients were 
enrolled into Part B, with 2 patients transferred from Part A because local microbiology 
laboratory susceptibility results indicated that the screening ABC isolates were colistin-
resistant.  

A full list of enrollment criteria for Parts A and B is provided in Appendix 13.1. 
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Given the unmet need of this population, the life-threatening condition, and the 
relevancy of the literature review study populations to this study population, clinically it 
was determined that it may not be necessary to preserve the entire 50% of the M1.  
FDA DAI independently determined that a 19% non-inferiority margin should be used; 
however, later evaluated again and agreed to a 20% margin for this study. 

Estimation of the sample size assumed a 41% mortality rate in the colistin arm, a 36% 
mortality rate in the sulbactam-durlobactam arm, a 1:1 randomization, and an 80% 
power with a two-sided significance level of 0.05. The non-inferiority was based on the 
2-sided 95% CIs computed using a continuity-corrected Z-statistic for the difference 
([sulbactam-durlobactam] – [colistin]) in 28-day all-cause mortality rates between the 
treatment groups. Non-inferiority was concluded if the upper limit of the 2-sided 95% CI 
was < 20%.  

Secondary efficacy endpoints for Parts A and B included: 

• 28-day all-cause mortality in the m-MITT and ITT Populations, 

• 14-day all-cause mortality in the CRABC m-MITT and m-MITT Populations, 

• Clinical cure at TOC, End of Treatment (EOT), and Late Follow-Up (LFU) in the 
CRABC m-MITT Population, and 

• Microbiological favorable assessment at TOC, EOT, and LFU in the CRABC m-
MITT Population. 

Definitions of the analysis populations are provided in Table 2.  
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*Primary efficacy endpoint analysis population. 
BPP=Biofire® FilmArray® 2.0 Pneumonia Panel; CRABC m-MITT=Carbapenem-Resistant Acinetobacter 
baumannii-calcoaceticus complex microbiologically Modified Intent-to-Treat; HABP=hospital-acquired bacterial 
pneumonia; MIC=minimum inhibitory concentration; PK=pharmacokinetic; VABP=ventilator-associated bacterial 
pneumonia; VP=ventilated pneumonia.  

In the ITT Population in Part A, 75% of patients in the sulbactam-durlobactam group 
and 68.5% of patients in the colistin group completed the trial. In the sulbactam-
durlobactam group, the primary reasons patients discontinued were due to death 
(16.3%), no growth of ABC (2.2%), and patients who withdrew voluntarily (2.2%). In the 
colistin group, the primary reasons patients discontinued were due to death (23.6%) and 
patients who withdrew voluntarily (3.4%).  

In the ITT Population in Part B, 78.6% of patients completed the trial. Four patients 
discontinued due to death, 1 patient discontinued due to withdrawal of consent, and 1 
patient discontinued due to incorrect enrollment into Part B. 

Demographics and baseline characteristics between all treatment groups were 
generally similar for the CRABC m-MITT Population (Table 10). The median age was 
approximately 62 years for the sulbactam-durlobactam group in Part A and 
approximately 59 years in Part B, and approximately 66 years for the colistin group. 
Across all treatment groups there was a higher proportion of males than females. For 
Part A, the mean baseline APACHE II score was 16.8 overall: 16.4 in the sulbactam-
durlobactam group and 17.2 in the colistin group. For Part B, the mean APACHE II 
score was 18.0. The majority of patients for both treatment groups in Part A had 
pneumonia and were in the intensive care unit (ICU) for ≥ 5 days. The majority of 
patients in Part B had bacteremia (17/28 patients; 60.7%) and were in the ICU > 14 
days.  

1.5.1.4 Primary Efficacy Endpoint Results – 28-Day All-Cause Mortality in Part A 
(CRABC m-MITT Population) 

The Phase 3 trial met its prespecified primary efficacy endpoint for non-inferiority in Part 
A. In Part A of the CRABC m-MITT Population, the 28-day all-cause mortality for the 
sulbactam-durlobactam group was 19.0% (12/63 patients) and was 32.3% (20/62 
patients) in the colistin group with a treatment difference of −13.2% (95% CI: −30.0%, 
3.5%), which was less than the non-inferiority margin of 20% (Figure 2 and Figure 3). A 
test for superiority was conducted and the upper limit of the 2-sided CI was not < 0.  
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1.6.2 Two-Part Phase 3 Trial (CS2514-2017-0004) 

The safety population in the Phase 3 trial included all patients randomized to sulbactam-
durlobactam or colistin in Part A and patients enrolled in Part B who received any 
amount of study drug. Overall, 119 patients were in the sulbactam-durlobactam group, 
including 91 patients in Part A and 28 patients in Part B. For Parts A and B combined, 
the mean duration of exposure to sulbactam-durlobactam was 8.8 days, and 7.6 days 
for colistin.  

The overall incidence of TEAEs without regard to causality was high in all treatment 
groups as expected in critically ill patients. TEAEs were reported in 104/119 (87.4%) 
patients in the sulbactam-durlobactam group and in 81/86 (94.2%) patients in the 
colistin group. The sulbactam-durlobactam group had a lower incidence of treatment-
related AEs, severe TEAEs, severe treatment-related AEs, SAEs, treatment-related 
SAEs, and TEAEs leading to study drug discontinuation or death compared to the 
colistin group (Table 22).  

In Part A, the most common TEAEs reported in > 10% of patients in the sulbactam-
durlobactam group included diarrhea (15/91; 16.5%), anemia (12/91; 13.2%), and 
hypokalemia (11/91; 12.1%). In the sulbactam-durlobactam group, the incidence of 
treatment-related AEs was similar in Parts A and B (12/91; 13.2% and 3/28; 10.7%). 
Diarrhea, which was reported in 4/91 (4.4%) patients in Part A of the sulbactam-
durlobactam group and 4/86 (4.7%) patients in the colistin group, was the only 
treatment-related AE reported in > 1 patient treated with sulbactam-durlobactam in the 
Phase 3 trial.  

The incidence of severe TEAEs was lower in the sulbactam-durlobactam group (Part A 
[39/91; 42.9%]; Part B [9/28; 32.1%]) compared with the colistin group (44/86; 51.2%). 
In Part A, the most common severe TEAEs, occurring in ≥ 3 patients in the sulbactam-
durlobactam group, included septic shock (7/91; 7.7%), acute respiratory distress 
syndrome (3/91; 3.3%), and tracheoesophageal fistula (3/91; 3.3%). 

A lower incidence of SAEs was also observed in the sulbactam-durlobactam group (Part 
A [36/91; 39.6%]; Part B [9/28; 32.1%]) compared with the colistin group (42/86; 48.8%). 
In Part A, the most commonly reported SAE occurring in > 3 patients in the sulbactam-
durlobactam group was septic shock (7/91; 7.7%).  

A lower proportion of patients in the sulbactam-durlobactam group (Part A [10/91; 
11.0%]; Part B [4/28; 14.3%]) than in the colistin group (14/86; 16.3%) experienced 
TEAEs that led to study drug discontinuation. The AE that led to discontinuation of study 
drug in > 1 patient in the sulbactam-durlobactam group was hepatic function abnormal 
(2 patients); these events were also reported as SAEs for 2 patients and were assessed 
as not related to study drug. 

TEAEs leading to death were observed in the sulbactam-durlobactam group (28/119; 
23.5%) and the colistin group (30/86; 34.9%). No deaths at any time were assessed as 
related to study drug in the sulbactam-durlobactam group. One death due to pneumonia 
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treated with sulbactam-durlobactam in combination with other antibiotics, no SAEs 
related to sulbactam-durlobactam were reported (Table 32).  

1.7 Benefit-Risk Summary 
1.7.1 Therapeutic Context 

ABC is a bacterial pathogen that has emerged as a major cause of severe infections, 
particularly in vulnerable patients. Despite significant morbidity and mortality associated 
with infections caused by ABC, there is no clear standard-of-care antibiotic regimen. 
Current treatments involve many different combinations that lack optimized dosing with 
a PK/PD understanding, efficacy, and safety data to support ABC treatment. These 
limitations highlight the urgent unmet medical need for patients with infections caused 
by ABC. 

1.7.2 Benefits 
1.7.2.1 Sulbactam-Durlobactam is a Targeted Therapy for Serious Infections Due to 

ABC 

Sulbactam-durlobactam is a targeted therapy for serious infections due to ABC. 
Sulbactam is well-established, as it has been widely used in the clinical setting for over 
30 years as an inhibitor of a subset of Class A β-lactamases (Unasyn USPI). Sulbactam 
also has intrinsic antibacterial activity against a limited number of species including 
ABC. However, the efficacy of sulbactam against ABC has diminished due to the 
acquisition of β-lactamases that degrade sulbactam, resulting in resistant strains. 
Durlobactam is a potent inhibitor of Classes A, C, and D serine β-lactamases. When 
dosed in combination, durlobactam restores the efficacy of sulbactam against ABC 
infections. 

1.7.2.2 Sulbactam-Durlobactam Shows Potent In Vitro and In Vivo Activity Against 
Global Contemporary ABC Isolates. 

Sulbactam-durlobactam shows potent in vitro activity against global contemporary ABC 
isolates, with > 98% testing with MIC values of ≤ 4 μg/mL, the proposed susceptibility 
breakpoint. This activity is consistent over time and across infection types, geographic 
regions, and drug-resistant subsets.  

Evaluation of sulbactam-durlobactam in in vivo animal efficacy models and in vitro 
hollow fiber studies indicates that sulbactam-durlobactam was efficacious against A. 
baumannii, including against MDR strains. In vivo studies consisted of murine 
neutropenic thigh and lung infection models that have been shown to demonstrate good 
translation to clinical efficacy in multiple sites of infection (Bulitta et al 2019). Dose-
response studies with sulbactam (with and without durlobactam) demonstrate 
agreement with in vitro susceptibility data. The normalization of animal doses to 
exposure and examination of PK/PD indices related to efficacy served as the basis for 
human exposure targets and, ultimately, clinical dose selection. 
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1.7.2.3 Durlobactam Demonstrated No Adverse Findings Within In Vitro and In Vivo 
Safety Pharmacology Studies 

Pivotal toxicology studies completed with durlobactam in rats and dogs up to a limit 
dose of 2,000 mg/kg were well tolerated with no adverse effects. Durlobactam 
demonstrated no adverse findings within in vitro and in vivo safety pharmacology 
studies. The compound was not mutagenic or genotoxic and demonstrated no adverse 
findings in a full battery of reproductive toxicology studies. In combination with 
sulbactam following 28 days of administration, minimal but reversible inflammatory 
changes in liver and lung have been the only adverse toxicities of note, occurring only 
after the combination was infused daily for approximately 28 days. These findings were 
consistent with known, monitorable effects of sulbactam. The maximum plasma 
concentration (Cmax) values of durlobactam in the combination arms of the 28-day rat 
study were 3.6- to 6.5-times higher than human exposure, and the Cmax values of 
sulbactam ranged from 3.5 to 6.8-fold higher than human exposure. Exposure margins 
based on area under the plasma concentration-time curve from time of dosing to 24 
hours post-dose (AUC0-24), compared to human exposures, ranged from 0.4 to 1.0-fold 
for durlobactam and 0.8 to 1.8-fold for sulbactam. 

1.7.2.4 Clinical Development Program for the Evaluation of Safety and Efficacy of 
Sulbactam-Durlobactam 

The clinical development program for the evaluation of safety and efficacy of sulbactam-
durlobactam consisted of 8 clinical trials, including six Phase 1 studies, one Phase 2 
trial, and one Phase 3 trial. The Phase 1 and 2 trials demonstrated that sulbactam-
durlobactam was generally well tolerated; no deaths or treatment-related SAEs were 
reported. The most frequently reported TEAEs included infusion site reactions (including 
bruising, extravasation, inflammation, rash, and phlebitis), infusion site pain, and 
headaches. Other TEAEs occurring in > 1% of patients included dizziness, nausea, 
diarrhea, abdominal pain/discomfort, upper respiratory tract infection, nasal congestion, 
and vulvovaginal candidiasis. 

In the randomized Phase 3 clinical trial in patients with serious infections caused by 
ABC, including multidrug- or carbapenem-resistant isolates, sulbactam-durlobactam met 
the primary efficacy endpoint of noninferiority for 28-day all-cause mortality in the 
primary analysis population. The mortality rate was 19.0% in the sulbactam-
durlobactam group compared to 32.3% in the colistin group with a treatment difference 
of −13.2% (95% CI: −30.0, 3.5%). All secondary endpoint analyses, including 28-day 
and 14-day all-cause mortality rates, clinical cure rates, and microbiological responses 
demonstrated clinically meaningful and significant improvements with sulbactam-
durlobactam compared to colistin in all populations analyzed.  

The primary safety objective for the Phase 3 trial was achieved and showed a 
statistically significant lower incidence (p=0.0002) in nephrotoxicity based on modified 
RIFLE criteria in patients treated with sulbactam-durlobactam compared with colistin. 
The overall incidences of TEAEs, treatment-related AEs, SAEs, treatment-related 
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SAEs, and AEs leading to study drug discontinuation or death were lower with 
sulbactam-durlobactam compared to colistin. The types and incidences of TEAEs 
reported in the Phase 3 trial were consistent with expectations for the population of 
critically ill patients and the β-lactam/β-lactamase inhibitor antibiotic class. In addition, 
no SAEs related to sulbactam-durlobactam were identified in the EAP. 

1.7.3 Risks 

Potential risks associated with β-lactams and the use of sulbactam-durlobactam include: 

• Diarrhea, including Clostridioides difficile (C. difficile)-associated diarrhea 
(CDAD), and 

• Hypersensitivity (including anaphylactic) reactions. 

CDAD has been reported with use of nearly all antibacterial agents, including 
sulbactam-durlobactam, and may range in severity from mild diarrhea to fatal colitis. In 
the Phase 3 trial, the incidence of at least 1 TEAE (all causality) based on the 
pseudomembranous colitis SMQ was 16.0% of patients in the sulbactam-durlobactam 
group compared with 16.3% of patients in the colistin group. Diarrhea was the most 
commonly reported event within this SMQ in both groups (14.3% in the sulbactam-
durlobactam group and 10.5% in the colistin group). C. difficile colitis and antibiotic-
associated colitis were reported in 1 patient (0.8%) each in the sulbactam-durlobactam 
group compared with 3 patients (3.5%) and 2 patients (2.3%), respectively, in the 
colistin group. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions and serious skin 
reactions have been reported in patients receiving β-lactam antibiotics. These reactions 
are more likely to occur in individuals with a history of β-lactam hypersensitivity and/or a 
history of sensitivity to multiple allergens. Hypersensitivity was observed in patients 
treated with sulbactam-durlobactam in clinical studies. In the Phase 3 trial, the incidence 
of at least 1 TEAE (all causality) based on the hypersensitivity SMQ was 15.1% in the 
sulbactam-durlobactam group and 11.6% in the colistin group. Anaphylactic shock was 
reported in 1 patient in the Phase 3 trial who experienced a diffuse rash and mild drop in 
blood pressure following sulbactam-durlobactam infusion on Day 9 of treatment.  

1.7.4 Benefit-Risk Assessment 

Sulbactam-durlobactam provides a clinically meaningful benefit in both safety and 
efficacy based on:  

• A comprehensive microbiology data package, 

• Robust PK and PK/PD data, with a population PK model developed from Phase 
1, Phase 2, and Phase 3 trials, and PTA analysis,  

• A safety profile characterized in 8 clinical studies, and 

• Mortality, clinical, and microbiological outcomes from the Phase 3 trial. 



Entasis Therapeutics 
 Sulbactam-Durlobactam  

Antimicrobial Drugs Advisory Committee 
 

  Page 35 of 127 
 

These results also demonstrate that sulbactam-durlobactam has clinically meaningful 
benefit over the existing therapies for the treatment of infections caused by ABC, 
including multidrug- or carbapenem-resistant strains and has the potential to address 
this significant unmet need. 
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with limited treatment options (Ayoub Moubareck and Hammoudi Halat 2020; Gales et 
al 2019). Mortality associated with bacteremia and pneumonia caused by A. baumannii 
ranges from 30–70% (Cheng 2015; Ibrahim et al 2021; Mohd Sazlly Lim et al 2019). 
Carbapenem-resistant A. baumannii is of particular concern as, globally, it is the fifth 
leading cause of death associated with antimicrobial resistance, with > 450,000 deaths 
in 2019 (Antimicrobial Resistance 2022). 

2.1.1.1 Drug-Resistant Acinetobacter Species 

A. baumannii has acquired resistance genes for almost all antibiotics used to treat 
Gram-negative bacteria, including fluoroquinolones, aminoglycosides, cephalosporins, 
and carbapenems (Gales et al 2019; Peleg et al 2008; Wong et al 2017). Data from the 
National Healthcare Safety Network (NHSN) in the US between 2015–2017 revealed 
high rates of multidrug resistance in nosocomial infections caused by A. baumannii, 
ranging from 33% of skin and soft tissue infections to up to 75% of bloodstream and 
ventilator-associated pneumonia, nearly all of which were carbapenem-resistant 
(Weiner-Lastinger et al 2020). The SENTRY Antimicrobial Surveillance Program, which 
tracks antimicrobial resistance in North America, Europe, Asia-Pacific, and Latin 
America, has reported decreasing susceptibility rates among ABC isolates for all 
observed antimicrobial agents, including carbapenems, in all regions between 1997–
2016 (Gales et al 2019). In 2019, the rates of infections caused by carbapenem-
resistant A. baumannii varied widely around the world, but were notably high in a 
number of regions, such as 56% in China (CARSS 2019), approximately 70% in both 
South America (GLASS 2021) and India (ICMR 2021), and over 90% in Greece (eCDC 
2020). Therefore, options to treat infections caused by multidrug-resistant A. baumannii 
pathogens are becoming increasingly limited. 

2.1.2 Risk Factors 
According to the CDC, infections caused by A. baumannii typically occur in patients in 
healthcare settings (CDC 2019). Individuals most at risk include patients in hospitals, 
especially those who: 

• are on ventilators, 

• have devices such as catheters, 

• have open wounds from surgery, 

• are in ICUs, and 

• have prolonged hospital stays. 

In the US, infections caused by A. baumannii rarely occur outside of healthcare settings. 
However, individuals who have weakened immune systems, chronic lung disease, or 
diabetes may be more susceptible. 
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Acinetobacter spp. (Noguchi and Gill 1988). Sulbactam itself is a substrate for many β-
lactamases encoded by Acinetobacter spp., including Class D carbapenemases and 
therefore its clinical utility has been eroded in recent decades (Durand-Reville et al 
2017; Shapiro 2017). 

3.3.2 Durlobactam 

Durlobactam is a diazabicyclooctane β-lactamase inhibitor. It is a potent inhibitor of 
Classes A, C, and D serine β-lactamases (as detailed in Section 4.1.1), but it has no 
activity against Class B metallo-β-lactamases (Durand-Reville et al 2017). Durlobactam 
effectively restores sulbactam activity against ABC organisms due to its potent inhibition 
of serine β-lactamases in vitro and in vivo (Durand-Reville et al 2017). 

3.3.3 Sulbactam-Durlobactam 

In vitro, the addition of durlobactam to sulbactam restores the activity of sulbactam 
against Acinetobacter spp. The sulbactam minimum inhibitory concentration required to 
inhibit the growth of 90% of isolates (MIC90) versus a collection of recent ABC clinical 
isolates is reduced from 64 µg/mL to 2 µg/mL in the presence of durlobactam (held 
constant at 4 µg/mL; additional details provided in Sections 4.1.1 and 4.1.2).  

Evaluation of sulbactam-durlobactam using in vivo efficacy models and in vitro hollow 
fiber studies indicates that sulbactam-durlobactam is efficacious against A. baumannii, 
including MDR strains.











Entasis Therapeutics 
 Sulbactam-Durlobactam  

Antimicrobial Drugs Advisory Committee 
 

  Page 45 of 127 
 

In the Phase 3 trial, 8/175 patients or 4.6% of baseline A. baumannii isolates had 
sulbactam-durlobactam MIC values > 4 µg/mL. Of these isolates, 5 had a 2-fold 
increase in MIC to 8 µg/mL, which is the preliminary breakpoint for intermediate 
susceptibility, and the other 3 had sulbactam-durlobactam MIC values of 16 µg/mL. Of 
the 105 patients in the Phase 3 trial who were treated with sulbactam-durlobactam, 73 
(69.5%) had favorable microbiological outcomes at TOC (i.e., ABC was eradicated or 
presumed eradicated). Of the remaining patients with persistent or recurrent infections 
whose isolates were characterized by the central laboratory, 1/105 (0.95%) had 
longitudinal isolates with elevated sulbactam-durlobactam MIC values compared to the 
baseline ABC isolate. The MIC of the TOC ABC isolate from this patient increased by 
only 2-fold (to 8 µg/mL) and the infection was eradicated at LFU.  

4.1.4 Miscellaneous Microbiology Studies 
No antagonism has been observed between sulbactam-durlobactam and clinically 
relevant antibiotics in checkerboard studies, including imipenem, meropenem, 
cefepime, ciprofloxacin, amikacin, colistin, and minocycline. These studies showed that 
the predominant interaction between sulbactam-durlobactam and these antibiotics was 
additive or indifferent (Carter et al 2022a).   

• Sulbactam-durlobactam does not have a significant post-antibiotic effect. 

• Sulbactam-durlobactam is bactericidal and prevented biofilm formation (Carter et 
al 2022a). 

• The in vitro activity of sulbactam-durlobactam was not affected by testing in 
human serum, serum albumin, or lung surfactant (Carter et al 2021b).  

• Durlobactam was able to potentiate sulbactam activity against sulbactam-
resistant intracellular A. baumannii at clinically relevant concentrations.  

• Varying the starting inoculum concentration, incubation temperature, 
atmosphere, pH of the growth medium, and concentration of divalent cations in 
the growth medium did not significantly affect the MIC determination (Carter et al 
2021b). 

• There was an inoculum effect for some isolates of A. baumannii when MICs were 
determined with a high inoculum (5x107 colony-forming units [CFU]/mL), with 
sulbactam-durlobactam MICs increasing 2–4 fold for three of ten strains tested 
(Carter et al 2021b). 

4.2 Nonclinical Pharmacology 
Nonclinical pharmacodynamic and efficacy models were completed in vitro and in vivo 
to establish exposure targets of sulbactam-durlobactam against MDR A. baumannii 
strains. In vitro hollow-fiber and one-compartment models established the PK/PD 
indices of %fT > MIC and AUC0-24/MIC associated with sulbactam and durlobactam 
activities, respectively.  
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• Sulbactam and sulbactam-durlobactam were evaluated in neutropenic 
pneumonia and thigh infection models in mice. Studies utilized clinical 
comparator controls including meropenem, levofloxacin, and colistin as part of 
model validation and performance assessments.  

• Sulbactam-durlobactam demonstrated robust efficacy across all model systems 
with bactericidal activity (greater than 1-log10CFU reduction over 24 hours) 
achieved against bacteria resistant to carbapenems, cephalosporins, and 
sulbactam alone. 

• Exposure magnitudes of sulbactam (%fT>MIC) and durlobactam (fAUC0-24/MIC) 
to achieve 1-log10 CFU reduction over 24 hours were determined in both thigh 
and lung models. 

• Exposure-response analyses of comparator controls completed within these 
studies were consistent with exposures associated with achieving clinical 
efficacy. 

Efficacy studies initially performed in a murine neutropenic thigh model demonstrated a 
clear sulbactam-durlobactam dose response, with minimal activity observed with 
treatment with sulbactam or durlobactam alone (Figure 12). The magnitudes of 
exposures were derived from neutropenic mouse models completed in the thigh and 
lung. Dose range studies utilizing a 4:1 sulbactam:durlobactam dose ratio and 
evaluation of the net change in bacterial burden (log10 CFU/g) over 24 hours were used 
to establish exposure-response analyses supporting 1-log10 CFU and 2-log10 CFU 
reduction targets. A pooled exposure response analysis utilizing ABC strains spanning a 
broad range of MICs is summarized in Figure 13 for sulbactam (panel A) and 
durlobactam (panel B). All in vitro and in vivo work was supported by bioanalytical 
assays and protein binding to establish unbound exposures associated with the activity 
of each agent. Clear restoration of sulbactam efficacy was demonstrated against MDR 
strains when durlobactam was dosed in combination with sulbactam. 
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Figure 12: In Vivo Dose-Response Study of Sulbactam-Durlobactam Dose 
Versus Bacterial Burden Change from Baseline at 24 Hours in a Murine 
Neutropenic Thigh Model 

 
Note: MDR A. baumannii ARC5955 (sulbactam-durlobactam MIC = 8 µg/mL). 
CFU=colony-forming units; Dur=durlobactam; MDR=multidrug-resistant; MIC=minimum inhibitory concentration; 
q3h=every 3 hours; Sul=sulbactam.  
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Figure 13: Exposure Response Analysis of Sulbactam %fT > MIC (A) and 
durlobactam fAUC0-24/MIC (B) in Plasma Versus Bacterial Burden Change from 
Baseline at 24 Hours in a Murine Neutropenic Lung Model 
A                                                                            B 

 
A) n=5 strains. 
B) n=4 strains. 
%fT > MIC=Time as percentage of dosing interval the free drug concentration exceeds the minimum inhibitory 
concentration of the infecting organism; AUC0-24=area under the plasma concentration-time curve from time of dosing 
to 24 hours post-dose. 

4.3 Nonclinical Pharmacokinetics 
Nonclinical PK and toxicokinetics were characterized in mice, rats, and dogs and were 
used in support of exposure-response in efficacy and safety studies. They were also 
used in allometric projections in support of predicting human PK. In addition to systemic 
exposures, drug concentrations were determined in epithelial lining fluid (ELF) and urine 
to establish distribution to relevant sites of infection and to determine the 
clearance/excretion of the compounds. The PK of sulbactam and durlobactam were 
similar across non-clinical species with low volume of distribution and moderate 
clearance, resulting in elimination half-lives of less than an hour. Renal excretion of 
unchanged drug was the predominant clearance mechanism for sulbactam and 
durlobactam in all species. The determination of drug exposure within the murine 
infection models was important for the determination of PK/PD exposure targets (Table 
6). These matrices and models have been shown to be relevant in the treatment of 
clinical infections at different body sites (Bulitta et al 2019). 
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5.1.2 Population Pharmacokinetics Modeling 

Population PK models used data from the six Phase 1 studies, the Phase 2 trial, and 
the Phase 3 trial based on a total of 373 patients with 5,390 plasma concentrations, 
including 110 patients (595 concentration observations) who received sulbactam-
durlobactam and underwent PK sampling in the Phase 3 trial.  

The population PK model is a combined model, with four compartments (2 
compartments for each drug) with linear kinetics, which accurately described the PK of 
sulbactam and durlobactam.  

A covariate analysis was conducted to evaluate the effect of intrinsic factors on the PK 
of sulbactam-durlobactam. Body weight, infection type, East Asian region (which 
grouped patients from mainland China, Taiwan, and South Korea), and renal 
impairment were statistically significant covariates; however, renal impairment was the 
most clinically relevant covariate.  

• A trend of higher sulbactam and durlobactam exposures as body weight 
decreased was observed and appeared to be driven predominantly by patients 
with body weights below approximately 50–60 kg. However, the exposures were 
within the range observed in the clinical development program and no dose 
adjustments are recommended for patients with low body weight.  

• A trend of lower exposures in patients with high body weights was also observed. 
However, the %PTA among simulated patients with high body weight (> 90 kg) 
was > 90% across various CLCR groups indicating that despite being lower, the 
exposures in patients with body weights > 90 kg are expected to be efficacious 
based on adequate attainment of plasma PK/PD targets for efficacy for a 1-log10 
CFU reduction at an MIC of 4 µg/mL; therefore, no dose adjustment is 
recommended for patients with weight > 90 kg.  

• Sulbactam-durlobactam exposure distributions were generally comparable 
across patients with different infections (cUTI, AP, bacteremia, VABP, and 
HABP). Therefore, no dose adjustments are needed based on site of infection. 

• Although sulbactam and durlobactam exposures were slightly higher in patients 
from the East Asian region, the exposure distributions had considerable overlap 
across regions, suggesting that no dose adjustments are needed based on 
region of origin. 

• Age, country of origin (China vs others), race, and sex were not identified as 
statistically significant covariates. No dose adjustments are needed based on 
these covariates. 

• Dose adjustments are needed based on renal function (additional details 
provided in Section 5.2).  
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5.1.2.1 Probability of Target Attainment  

As described in Section 4.4, the PK/PD targets associated with sulbactam-durlobactam 
efficacy are %fT > MIC for sulbactam and fAUC/MIC ratio for durlobactam. In vitro and 
in vivo experiments support PK/PD targets of 50% fT > MIC for sulbactam and 
fAUC/MIC ratio of 10 for durlobactam for a 1-log10 CFU reduction.  

Using population PK models, simulations were conducted to estimate the PTA of the 
combined PK/PD targets in a representative patient population using a contemporary 
collection of 7,026 ABC isolates obtained worldwide from 2013 to 2020.  

Percent PTA by MIC on Day 1 based on the assessment of sulbactam and durlobactam 
free-drug plasma and total-drug ELF PK/PD targets across CLCR group are shown in 
Figure 14. The PTA was > 90% for a 1-log10 CFU reduction at MIC values ≤ 4 µg/mL 
across all renal function categories, which span most of the sulbactam-durlobactam MIC 
distribution for ABC, based on both unbound plasma and total-ELF targets. The high 
PTA based on both targets further support that the proposed doses are anticipated to 
be efficacious.  

These results provide support for 1.0 g sulbactam/1.0 g durlobactam and dosing 
regimens adjusted for renal function in patients with infections caused by ABC and for 
interpretive criteria recommendations for the in vitro susceptibility testing of sulbactam-
durlobactam against ABC.  

Figure 14: Probability of PK/PD Target Attainment by MIC on Day 1 Based on 
Free-Drug Plasma and Total-Drug ELF PK/PD Targets for Efficacy and Global 
Surveillance MIC Data Across Renal Function Categories 

  
CLCR=creatine clearance; ELF=epithelial lining fluid; PD=pharmacodynamic; PK=pharmacokinetic; PTA=probability of 
target attainment; SUL-DUR=sulbactam-durlobactam; MIC=minimum inhibitory concentration.  

5.2 Summary of Dose Justification 
The proposed dose regimen for sulbactam-durlobactam is shown in Table 8 and was 
based on: 

• Safety data across the clinical development program, 
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Using the final population PK model, which utilized data from Phase 1, 2, and 3 trials, a 
covariate analysis was conducted and showed that dose adjustments are needed based 
on renal function. Additional doses were explored for patients with creatinine clearance 
< 45 mL/min, with a goal of achieving exposures that were generally similar to those 
achieved in patients with normal renal function (CLCR 90–130 mL/min). Based on 
plasma exposures with doses listed in Table 8 and using PK/PD targets, a percent PTA 
≥ 90% was achieved across renal function categories for a sulbactam-durlobactam MIC 
of ≤ 4 µg/mL (Figure 15 and Figure 16). Similar results were observed in ELF. This is 
consistent with efficacy data observed in the Phase 3 trial in patients with ABC 
infections and is further supported by the safety data collected throughout the clinical 
development program of sulbactam-durlobactam.  

Figure 15: Sulbactam Total-Drug Plasma AUC on Day 1 and Day 3 Among 
Simulated Patients by CLCR Group After Administration of Sulbactam-
Durlobactam Dosing Regimens 

  
AUC=area under the plasma concentration-time curve; CLCR=creatine clearance. 
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Figure 16: Durlobactam Total-Drug Plasma AUC on Day 1 and Day 3 Among 
Simulated Patients by CLCR Group After Administration of Sulbactam-
Durlobactam Dosing Regimens 

  
AUC=area under the plasma concentration-time curve; CLCR=creatine clearance. 
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The available data from clinical studies and relevant nonclinical studies were used in 
population PK and PK/PD target attainment analyses to support dose recommendations 
initially for the Phase 2 and 3 trials, and subsequently for the proposed dosing 
recommendations for the treatment of infections due to ABC, including multidrug- or 
carbapenem-resistant ABC (Sections 4 and 5). 

The primary data supporting efficacy comes from the pivotal Phase 3 trial. As 
recommended by FDA DAI, the primary safety data for the proposed indication in adults 
for the treatment of HABP and VABP caused by susceptible strains of ABC, are derived 
from unpooled data from the Phase 3 trial, with subgroup analyses performed 
separately for the Phase 3 trial and combined with Phase 2. Supportive safety data are 
derived from the completed Phase 2 trial and 6 completed Phase 1 studies.  

In addition, an EAP for patients ineligible to participate in a clinical trial and who have a 
documented serious and immediately life-threatening infection caused by drug resistant 
Acinetobacter spp. was initiated in May 2020. This program permitted access to 
investigational sulbactam-durlobactam for treatment outside of a clinical trial when no 
comparable or satisfactory alternative therapy option was available. 
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All eligible patients received 1.0 g imipenem/1.0 g cilastatin IV infused over 1-hour q6h 
as background therapy to treat non-ABC co-infecting pathogens. Imipenem/cilastatin 
was also considered an effective therapy for patients with carbapenem-susceptible ABC 
infections, an appropriate therapeutic partner to treat CRABC in the colistin group, and 
had a dosing regimen (q6h) consistent with sulbactam-durlobactam administration in 
patients with normal renal function. All study treatments were adjusted for renal 
function. 

Randomization was stratified by: 

• Indication (HABP/VABP/VP vs bacteremia),  

• Severity of illness, based on:  

o APACHE II score (10–19 vs 20–30),  

o SOFA score (7–9 vs ≥ 10), or  

o qSOFA score (2 vs 3 at screening), and  

• Geography (China Mainland vs Rest of World).  

Enrollment of HABP, VP, and bacteremia patients was limited to a total of no more than 
40% of patients in Part A, regardless of resistance. 

7.1.1.1.1 Selection of Colistin as Comparator 
Colistin was selected as the active comparator for this study as it was a treatment 
option for serious infections caused by resistant A. baumannii. At the time of study 
design, there was no clear standard-of-care for the treatment of CRAB infections and no 
new treatment options were approved. Colistin has been used worldwide to treat MDR 
A. baumannii either alone or in combination. Overall mortality rates of 25–57% were 
reported in patients treated with colistin-based therapies (Alvarez-Marin et al 2016; 
Sirijatuphat and Thamlikikul 2014) which compares to mortality rates of 65–87% in 
patients who were not treated or had delayed treatment including inappropriate therapy 
(Erbay et al 2009; Lee et al 2014), indicating that colistin-based therapies were effective 
for the treatment of serious infections caused by resistant A. baumannii. The dosing of 
colistin was based on the USPI and updated guidance for IV colistin in critically ill 
patients (Nation et al 2016; Nation et al 2017). 

7.1.1.2 Open-Label Part B 

Part B was an open-label, supportive portion of the trial that included patients known to 
have HABP, VABP, VP, and/or bacteremia infections associated with ABC organisms 
resistant to colistin or polymyxin B, who failed a colistin or polymyxin B regimen prior to 
trial entry, who were intolerant to colistin, or were on acute renal replacement therapy, 
and patients with infections due to colistin- or polymyxin B-resistant ABC with sources of 
infection other than HABP, VABP, VP, and/or bacteremia. Eligible patients received 1.0 
g sulbactam/1.0 g durlobactam IV infused over 3 hours q6h and 1.0 g imipenem/1.0 g 
cilastatin as background therapy to treat non-ABC co-infecting pathogens. 
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7.1.1.3 Key Enrollment Criteria 

Participants in the Phase 3 trial were enrolled in 59 clinical sites in 16 countries. Part A 
and B included patients who met the enrollment criteria, including the following: 

• ≥ 18 years of age, 

• A confirmed diagnosis of a serious infection and the expectation, in the judgment 
of the Investigator, that the patient’s infection would require treatment with IV 
antibiotics, 

• A known infection caused by ABC as either a single pathogen or member of a 
polymicrobial infection based on evidence from culture or, if available, rapid 
diagnostic test from a sample collected within 72 hours prior to randomization 
(HABP/VABP/VP patients), and 1 of the following: 

a) Had received no more than 48 hours of potentially effective (i.e., Gram-
negative coverage) antimicrobial therapy prior to the first dose of trial drug, 
or 

b) Was clinically failing prior treatment regimens (i.e., clinical deterioration or 
failure to improve after at least 48 hours of antibiotic treatment). 

A full list of enrollment criteria is provided in Appendix 13.1.  

7.1.1.4 Analysis Populations 

The analysis populations are defined in Table 2.  

7.1.1.5 Endpoint Definitions 

The primary efficacy endpoint was 28-day all-cause mortality in the CRABC m-MITT 
Population in Part A. 

The secondary efficacy endpoints for Parts A and B included the following: 

• 28-day all-cause mortality in the m-MITT and ITT Populations, 

• 14-day all-cause mortality in the CRABC m-MITT and m-MITT Populations, 

• Clinical cure at TOC, EOT, and LFU in the CRABC m-MITT and m-MITT 
Populations, and 

• Microbiological favorable assessment at TOC, EOT, and LFU in the CRABC m-
MITT Population. 

7.1.1.6 Statistical Analyses 

7.1.1.6.1 Determination of Non-Inferiority Margin 
Entasis proposed a 20% non-inferiority margin for the primary efficacy endpoint for Part 
A. In the first Entasis literature review, as listed in Table 33, the best estimate of the 
mortality rate for colistin-based therapy was 40% (95% CI: 35%, 45%) from a fixed 
effects analysis, or 40% (95% CI: 32%, 47%) from a random effects analysis using the 
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consent had not been withdrawn. Patients who withdrew consent from the survival 
status were excluded from the analysis. Patients who had missing survival status were 
assigned outcome of death. Patients who were randomized into Part A but then 
transferred into Part B were not included in Part A efficacy analysis. For patients with a 
missing secondary efficacy value, the efficacy variable was considered as non-
responder. 

7.1.2 Patient Disposition and Baseline Characteristics 
7.1.2.1 Disposition 

A total of 207 patients were either randomized into Part A or enrolled into Part B. Two 
patients were transferred from Part A to Part B because local microbiology laboratory 
susceptibility results indicated that their screening ABC isolates were colistin-resistant. 

7.1.2.1.1 Randomized Part A 
A total of 181 patients were randomized: 92 patients to the sulbactam-durlobactam 
group and 89 patients to the colistin group (Figure 19). Approximately 98% of these 
patients received any amount of study drug making up the MITT Population, which was 
also the Safety Population. Most patients in the ITT Population had a laboratory 
confirmed ABC infection at baseline and were included in the m-MITT population for 
efficacy analyses: 78 patients in the sulbactam-durlobactam group, and 79 patients in 
the colistin group. More than 80% of this population was confirmed to be carbapenem-
resistant, the primary endpoint analysis population.   

Of the randomized patients, 122 (67.4%) completed treatment: 67 (72.8%) patients in 
the sulbactam-durlobactam group and 55 (61.8%) patients in the colistin group. The top 
3 reasons for not completing treatment were AE (18 [9.9%] patients overall: 8 [8.7%] 
patients in the sulbactam-durlobactam group and 10 [11.2%] patients in the colistin 
group), other reasons (13 [7.2%] patients overall: 6 [6.5%] patients in the sulbactam-
durlobactam group and 7 [7.9%] patients in the colistin group), and no growth of ABC 
(12 [6.6%] patients overall: 7 [7.6%] patients in the sulbactam-durlobactam group and 5 
[5.6%] patients in the colistin group). Approximately half of the patients who 
discontinued treatment for other reasons discontinued due to treatment failure as 
determined by the Investigator. 

A total of 130 (71.8%) patients in Part A completed the trial: 69 (75.0%) patients in the 
sulbactam-durlobactam group and 61 (68.5%) patients in the colistin group. The primary 
reason patients did not complete the trial was due to death (36 [19.9%] patients overall: 
15 [16.3%] patients in the sulbactam-durlobactam group and 21 [23.6%] patients in the 
colistin group). 
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patients with renal impairment (creatinine clearance < 90 mL/min). Infection type, 
duration of ICU stay, and renal clearance were comparable between the 2 treatment 
groups. All 128 patients had a carbapenem-resistant ABC pathogen at baseline: 64 
patients in each treatment group. A majority of patients had a monomicrobial ABC 
baseline infection with 57.8% of patients in the sulbactam-durlobactam group and 
70.3% of patients in the colistin group. 

For Part B, the mean (SD) APACHE II score was 18.0 (± 5.0). A majority of patients had 
bacteremia and had a baseline ICU stay > 14 days. There were 6 (21.4%) patients with 
renal impairment which was also a top underlying comorbidity in patients. Other 
underlying comorbidities were diabetes without end-organ damage and chronic 
pulmonary disease. All 28 patients had a carbapenem-resistant ABC pathogen at 
baseline. The majority of patients had a monomicrobial ABC baseline infection (82.1% 
of patients). 
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APACHE=Acute Physiology and Chronic Health Evaluation; CRABC m-MITT=Carbapenem-resistant 
Acinetobacter baumannii-calcoaceticus complex microbiologically Modified Intent-to-Treat; HABP=hospital-
acquired bacterial pneumonia; ICU=intensive care unit; qSOFA=Quick Sequential Organ Failure Assessment; 
VABP=ventilator-associated bacterial pneumonia; VP=ventilated pneumonia. 

7.1.2.3.1 Antibiotic Susceptibility of Baseline ABC Pathogens 
Of the baseline ABC pathogens in the m-MITT Population, 175 were available for 
testing by the central laboratory and were found to be highly antibiotic-resistant (Table 
12 and Figure 20). Most isolates were multidrug- and carbapenem-resistant. In addition, 
85% of isolates were XDR, in that they were non-susceptible to all but 2 antibiotic 
classes used to treat A. baumannii, and 15% were PDR or non-susceptible to all tested 
antibiotic classes approved for the treatment infections caused by A. baumannii. 
Approximately 17% were non-susceptible to colistin. In contrast, over 90% of A. 
baumannii isolates were susceptible to sulbactam-durlobactam (MIC ≤ 4 µg/mL), even 
in the colistin-resistant, XDR, and PDR subsets. 
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Figure 21: MIC Distribution for Sulbactam-Durlobactam Versus Sulbactam-
Durlobactam-Imipenem of 175 Baseline ABC Isolates (m-MITT Population) 

 
Note: Susceptibility testing was performed by titrating sulbactam either alone or in a 1:1 ratio with imipenem in two-
fold dilutions in the presence of durlobactam fixed at 4 µg/mL. ABC=Acinetobacter baumannii-calcoaceticus complex; 
MIC=minimum inhibitory concentration; SUL-DUR-IPM=sulbactam-durlobactam-imipenem; m-MITT=microbiologically 
Modified Intent-to-Treat. 

7.1.3 Part A: Primary Efficacy Endpoint Results – 28-Day All-Cause Mortality in 
the CRABC m-MITT Population 

Sulbactam-durlobactam met the primary efficacy endpoint of 28-day all-cause mortality 
for non-inferiority in Part A compared to colistin in the CRABC m-MITT Population 
(N=125; Table 13). The mortality rate in the sulbactam-durlobactam group was 19.0% 
compared to 32.3% in the colistin group. The treatment difference was −13.2% and the 
upper limit of the 95% CI was within the prespecified 20% non-inferiority margin. 
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identified for 28-day all-cause mortality. Therefore, the exposure-efficacy analysis data 
did not suggest relationships between PK/PD indices and efficacy endpoints. This result 
would be expected as nearly all patients received a dose associated with exposures 
greater than PK/PD targets. 

7.2 Efficacy Conclusions 
In the Phase 3, randomized, active-controlled, pivotal trial, treatment with IV sulbactam-
durlobactam demonstrated statistical non-inferiority versus colistin. The Part B 28-day 
all-cause mortality was consistent with Part A. In addition, consistent treatment 
differences between the sulbactam-durlobactam group and the colistin group were 
observed across the various trial populations, and also at both 14-day and 28-day 
timepoints. Clinical cure rates and favorable microbiological responses were significant 
at both EOT and TOC for the CRABC m-MITT Population for Part A in the sulbactam-
durlobactam group compared to the colistin group. 

Overall, the clinical efficacy data from the pivotal Phase 3 trial support the clinical use of 
sulbactam-durlobactam for the treatment of HABP and VABP caused by susceptible 
strains of ABC. 
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reported in 9 (7.6%) patients in the sulbactam-durlobactam group and 8 (9.3%) patients 
in the colistin group. Other events in this SMQ reported in > 1 patient in either group 
were multiple organ dysfunction syndrome (4 [3.4%] patients in the sulbactam-
durlobactam group and 4 [4.7%] patients in the colistin group), sepsis (2 [1.7%] patients 
in the sulbactam-durlobactam group and 3 [3.5%] patients in the colistin group), 
staphylococcal bacteremia (2 [1.7%] patients in the sulbactam-durlobactam group and 1 
[1.2%] patients in the colistin group), and Klebsiella sepsis (2 [1.7%] patients in the 
sulbactam-durlobactam group). 

Ten patients in the sulbactam-durlobactam group and 12 patients in the colistin group 
had SAEs based on this SMQ that led to death; all of the events were assessed as not 
related to study drug. 

8.12.3.2 Infective Pneumonia SMQ 

The overall incidences of infective pneumonia events were similar between the 
sulbactam-durlobactam and colistin groups (30 patients [25.2%] vs 20 patients [23.3%]). 
In both groups, the most commonly reported events in this SMQ were pneumonia 
pseudomonal (6 patients [5.0%] in the sulbactam-durlobactam group and 4 patients 
[4.7%] in the colistin group), and pneumonia (5 patients [4.2%] in the sulbactam-
durlobactam and 5 patients [5.8%] in the colistin group).  

The preferred terms of pneumonia bacterial and atelectasis each were reported in 4 
patients (3.4%) in the sulbactam-durlobactam group and 3 patients [3.5%] and 0 
patients, respectively, in the colistin group. Candida pneumonia was reported in 3 
patients (2.5%) and coronavirus infection, infectious pleural effusion, pleural effusion, 
pneumonia Acinetobacter, staphylococcal infection, and staphylococcal test positive 
each were reported in 2 patients (1.7%) in the sulbactam-durlobactam group; 
coronavirus infection was also reported in 3 patients [3.5%] in the colistin group. Both 
patients with pneumonia Acinetobacter tested negative at EOT then positive during the 
safety follow-up. Both cases were relapse/recurrent.   

No other events in this SMQ were reported in more than 1 patient in either the 
sulbactam-durlobactam or colistin groups. The majority of AEs in this SMQ were mild or 
moderate in severity and not related to study drug. One patient in the sulbactam-
durlobactam group and 7 patients in the colistin group had events based on this SMQ 
that led to death. 

8.12.4 Drug-Related Hepatic Disorders SMQ 

The most commonly reported TEAEs in the drug-related hepatic disorders SMQ were 
ALT increased, aspartate aminotransferase (AST) increased, and blood bilirubin 
increased, each of which was reported in 4 (3.4%) patients treated with sulbactam-
durlobactam and 2 (2.3%) patients treated with colistin. Hepatic function abnormal and 
gamma-glutamyl transferase (GGT) increased were each reported in 3 (2.5%) patients 
treated with sulbactam-durlobactam. In the colistin group, hepatic function abnormal 
was reported in 2 (2.3%) patients and GGT increased was reported in 1 (1.2%) patient. 
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Liver injury was reported in 2 (1.7%) patients treated with sulbactam-durlobactam and 4 
(4.7%) patients treated with colistin. A liver function test abnormal was reported in 1 
(0.8%) patient treated with sulbactam-durlobactam and 3 (3.5%) patients treated with 
colistin. No other TEAEs based on this SMQ were reported in > 2 patients in any 
treatment group. 

The majority of events based on the drug-related hepatic disorders SMQ were mild or 
moderate in severity, non-serious, and resolved with no action taken with study drug. 

8.12.5 Hypersensitivity SMQ 

In the Phase 3 trial, TEAEs in the hypersensitivity SMQ were reported in 18 (15.1%) 
patients in the sulbactam-durlobactam group and 10 (11.6%) patients in the colistin 
group. The most commonly reported TEAEs in this SMQ were rash (4 patients [3.4%] in 
the sulbactam-durlobactam group and 2 patients [2.3%] in the colistin group), 
respiratory failure (3 patients [2.5%] in the sulbactam-durlobactam group and 1 patient 
[1.2%] in the colistin group), and conjunctivitis (3 patients [2.5%] in the sulbactam-
durlobactam group).  

No other TEAEs based on this SMQ were reported in > 1 patient in either treatment 
group. The majority of events in this SMQ were assessed as mild or moderate, 
unrelated to study drug and resolved. 

8.12.6 Pseudomembranous Colitis SMQ 

The incidences of TEAEs in the pseudomembranous colitis SMQ were similar overall 
between the sulbactam-durlobactam and colistin groups (19 patients [16.0%] vs 14 
patients [16.3%]). Diarrhea was the most commonly reported event within this SMQ in 
both groups (17 patients [14.3%] in the sulbactam-durlobactam group and 9 patients 
[10.5%] in the colistin group). C. difficile colitis and antibiotic-associated colitis each 
were reported in 1 patient (0.8%) in the sulbactam-durlobactam group and in 3 patients 
(3.5%) and 2 patients (2.3%), respectively, in the colistin group. No other TEAE in this 
SMQ was reported in the sulbactam-durlobactam group. 

8.13 QT Prolongation Assessments 
Thorough QTc Study: A 24-hour Holter monitoring sub-study in healthy participants was 
conducted for the cardiodynamic evaluation of durlobactam on cardiac repolarization 
(Study CS2514-2018-0003). Durlobactam at a supratherapeutic dose of 4.0 g had no 
clinically relevant effects on studied ECG parameters. Based on the concentration-QTc 
analysis, an effect on ΔΔQTcF exceeding 10 ms can be excluded within the observed 
range of durlobactam plasma concentration up to approximately 190 µg/mL, which is 
approximately 7-fold higher than the steady state geometric mean Cmax in patients with 
normal renal function. 
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8.14 Electrocardiogram Findings  
No unexpected safety signals were observed based on longitudinal review of ECG 
parameters. No notable changes in ECG parameters over time were observed in 
patients treated with sulbactam-durlobactam versus patients treated with colistin.  

Phase 3 Trial: The incidence of QTcF values > 450 msec was similar between the 
sulbactam-durlobactam and colistin groups. Eight of 119 (6.7%) patients in the 
sulbactam-durlobactam group and 6/86 (7.0%) patients in the colistin group had worst 
post-baseline high QTcF > 500 msec. The incidences of ECG parameter-related AEs 
were low. TEAEs associated with ECG abnormalities that occurred in ≥ 2% of patients 
in any active treatment group were atrial fibrillation and ECG QT prolonged (3/119 
[2.5%] patients each) in the sulbactam-durlobactam group. In the colistin group, the 
most commonly reported AE associated with ECG abnormalities was atrial fibrillation in 
2/86 (2.3%) patients.  

QTcF increases from baseline of > 60 msec were more frequent in the sulbactam-
durlobactam group of the Phase 3 trial than in the colistin group (17/119 [14.3%] 
patients vs 9/86 [10.5%] patients), though the incidence of QTcB values > 60 msec 
were similar between the groups (16/119 [13.4%] patients in the sulbactam-durlobactam 
group vs 11/86 [12.8%] patients in the colistin group). 

8.15 Laboratory Findings 
No unexpected safety signals were observed based on longitudinal review of liver 
function tests (LFTs), renal function tests, urinalysis, and other chemistry parameters in 
this critically ill population in the Phase 3 trial. Over time, no notable changes were 
observed in these chemistry laboratory parameters in patients treated with sulbactam-
durlobactam versus colistin. 

8.15.1 Liver Function 
The overall incidences of shifts to elevated post-baseline LFT values were comparable 
for the sulbactam-durlobactam and colistin groups, although the incidence of shifts to 
values > 5 × upper limit of normal (ULN) tended to be higher in the sulbactam-
durlobactam group. For patients with low, normal, or high values at baseline, incidences 
of shifts to high or higher LFT values were comparable in the sulbactam-durlobactam 
and colistin groups. In both treatment groups, most of the shifts in alkaline phosphatase 
(ALP), ALT, AST, bilirubin, and GGT were to values to ≤ 3 × ULN. 

• Three (2.5%) patients in the sulbactam-durlobactam group and 1 (1.2%) patient 
in the colistin group met Hy’s Law laboratory criteria. None were considered to be 
related to study drug, and in all cases in the sulbactam-durlobactam group, Hy’s 
Law criteria was not satisfied due to plausible alternative explanations. 

• The most commonly reported LFT-associated AEs in the sulbactam-durlobactam 
group were ALT increased, AST increased, and blood bilirubin increased in 4 
(3.4%) patients each, and GGT increased in 3 (2.5%) patients. In the colistin 
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group, the most commonly reported AE associated with LFT abnormalities was 
liver function test abnormal in 3 (3.5%) patients. 

8.15.2 Renal Function 

Shifts in renal function parameters from baseline tended to vary between treatment 
groups and by study populations. A lower incidence of shifts to worse values in renal 
function tests was observed in the sulbactam-durlobactam group compared with the 
colistin group. Similar results were observed when all patients with worsening values 
from baseline were considered, regardless of whether the baseline value was normal. 

• Among patients with normal values at baseline, shifts to low CLCR values were 
observed in 30.0% of patients in the sulbactam-durlobactam group compared 
with 47.4% of patients in the colistin group. Shifts to high creatinine values were 
observed in 15.2% of patients in the sulbactam-durlobactam (all to ≤ 3 × ULN) 
group compared with 40.5% of patients in the colistin group (38.1% to ≤ 3 × ULN, 
2.4% to > 3 to ≤ 5 × ULN). 

• Incidences of shifts to high values for urea nitrogen also were lower in the 
sulbactam-durlobactam group (19.2%) compared with the colistin group (48.5%). 

• Shifts to low CLCR values were observed in 14.0% of patients in the sulbactam-
durlobactam group compared with 48.1% of patients in the colistin group. Shifts 
to high creatinine values to ≤ 3 × ULN, > 3 to ≤ 5 × ULN, and > 5 × ULN, 
respectively, were observed in 9.5%, 2.0%, and 1.9% of patients in the 
sulbactam-durlobactam group compared with 28.8%, 3.8%, and 0 patients in the 
colistin group. The incidences of shifts to high values for urea nitrogen also were 
lower in the sulbactam-durlobactam group than the colistin group. 

• The most commonly reported AEs associated with renal function laboratory 
abnormalities in the sulbactam-durlobactam group were blood creatinine 
increased in 4 (3.4%) patients and proteinuria in 3 (2.5%) patients. 

• In the colistin group, the most commonly reported AE associated with renal 
function laboratory abnormalities was blood creatinine increased in 7 (8.1%) 
patients. 

8.15.3 Other Chemistry Parameters 
Shifts in other chemistry parameters from baseline tended to vary between treatment 
groups and by study populations. The incidence of shifts to high lactate dehydrogenase 
(LDH) was greater in the sulbactam-durlobactam group (65.6%) compared with the 
colistin group (51.6%). The incidences were lower in the sulbactam-durlobactam group 
compared with the colistin group for shifts to low albumin (40.0% vs 66.7%), low 
potassium (31.9% vs 42.6%), low protein (45.5% vs 59.1%), and low sodium (28.6% vs 
44.7%). Findings were similar when including patients with worsening of abnormal 
baseline values in addition to those with shifts from normal baseline values. 
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• The most commonly reported AEs associated with other chemistry parameters in 
the sulbactam-durlobactam group were hypokalemia in 11 (9.2%) patients; 
hyponatremia and hyperkalemia in 4 (3.4%) patients each; and hypernatremia, 
blood albumin decreased, hypoglycemia, and hyperglycemia in 3 (2.5%) patients 
each. 

• In the colistin group, the most commonly reported AEs associated with other 
chemistry parameters were hypokalemia in 9 (10.5%) patients; hyponatremia, 
hypomagnesemia, and hypocalcemia in 4 (4.7%) patients each; and 
hypernatremia and hyperchloremia in 3 (3.5%) patients each. 

8.16 Safety Conclusions 
The primary safety data supporting the proposed indication for sulbactam-durlobactam 
in adults for the treatment of HABP and VABP caused by susceptible strains of ABC is 
derived from the Phase 3 trial (CS2514-2017-0004) in patients with ABC infections.  

No unexpected safety signals were observed based on the analyses of TEAEs. The 
types and incidences of TEAEs reported in the Phase 3 trial were consistent with 
expectations for the population of critically ill patients and were characteristic of the 
pharmacological class. Moreover, the overall incidence of treatment-related AEs was 
lower in patients treated with sulbactam-durlobactam compared to those treated with 
colistin (12.6% vs 30.2%). There were also fewer SAEs, and TEAEs leading to study 
drug discontinuation with sulbactam-durlobactam compared to colistin. 

The primary safety objective for the Phase 3 trial was met and showed a statistically 
significant lower incidence (p=0.0002) in nephrotoxicity based on modified RIFLE 
criteria in patients treated with sulbactam-durlobactam compared with patients treated 
with colistin (13.2% vs 37.6%). Supportive safety data are derived from the 7 other 
clinical studies.  

AESIs were assessed by SMQs for acute renal failure, convulsions, sepsis, infective 
pneumonia, drug-related hepatic disorders, hypersensitivity, and pseudomembranous 
colitis. In the Phase 3 trial, the incidences of AESIs were similar between the 
sulbactam-durlobactam and colistin groups based on the SMQs for infective 
pneumonia, drug-related hepatic disorders, hypersensitivity, and pseudomembranous 
colitis. The incidences of AESIs were lower in the sulbactam-durlobactam group 
compared with the colistin group based on the SMQs for acute renal failure, 
convulsions, and sepsis. 

In addition, no unexpected safety signals or notable changes over time of longitudinal 
reviews of LFTs, renal function tests, urinalysis, other chemistry parameters, or 
electrocardiograms were observed. In this critically ill patient population, sulbactam-
durlobactam demonstrated a favorable safety profile and was well tolerated with no 
major safety concerns.  
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9 POST-APPROVAL STUDIES 

Based on an agreed pediatric study plan with the Division, pediatric studies in children 0 
to < 17 years of age are deferred until efficacy and safety have been demonstrated in 
the adult population. Entasis proposes a Phase 1 study to assess the pharmacokinetics, 
safety and tolerability of sulbactam-durlobactam in children from birth to < 17 years who 
are receiving systemic antibiotic therapy for suspected or confirmed infection. 

To support dosing in the youngest pediatric age group, birth to < 1 year of age, the 
Sponsor will undertake a repeat dose toxicity study in suckling rats of post-natal day 
age 10–11 days at study start using either daily bolus intravenous administration and/or 
subcutaneous administration.  
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11 BENEFIT-RISK CONCLUSIONS 

11.1 Therapeutic Context 
The US Centers for Disease Control and Prevention and the World Health Organization 
have characterized carbapenem-resistant A. baumannii an urgent public health threat in 
US healthcare facilities and a priority pathogen for which new antibiotics are urgently 
needed, respectively.  

The lack of safe and efficacious therapies to treat serious and life-threatening infections 
due to ABC is a high unmet medical need. For serious ABC infections, clinicians utilize 
available antibiotics at doses higher than approved for use, antibiotics that had fallen 
out of use due to toxicity but brought back out of lack of alternatives, and antibiotics that 
have not demonstrated mortality advantages, often in combination. 

11.2 Benefits 
Sulbactam-durlobactam provides a clinically meaningful benefit in both safety and 
efficacy as compared to existing therapies for the treatment of ABC infections, and 
therefore, has the potential to address this significant unmet need.  

The primary evidence of efficacy and safety for the proposed indication is based on a 
rigorous, adequate, well-controlled, and pathogen-focused Phase 3 clinical trial in 
patients with infections caused by ABC, including MDR and carbapenem-resistant 
strains. The patient population included in the Phase 3 clinical trial is representative of 
the population that would be expected to receive sulbactam-durlobactam, if approved, 
and the clinical trial results are generalizable to clinical practice with this pathogen. 

Sulbactam-durlobactam shows potent in vitro activity against global, contemporary ABC 
isolates. In addition, sulbactam-durlobactam shows a favorable microbiological 
response in patients dosed with sulbactam-durlobactam with ABC isolates testing with 
sulbactam-durlobactam MIC values of ≤ 4 µg/mL, the proposed susceptibility 
breakpoint. No differences in microbiological response were observed based on 
geographical location or site of infection. 

In the active-controlled and pathogen-focused Phase 3 clinical trial in patients with ABC 
infections, including MDR and carbapenem-resistant strains, sulbactam-durlobactam 
met the primary efficacy endpoint of noninferiority for 28-day all-cause mortality in the 
primary analysis population. The mortality rate was 19.0% (12/63 patients) in the 
sulbactam-durlobactam group compared to 32.3% (20/62 patients) in the colistin group 
(treatment difference of −13.2%; 95% CI: −30.0%, 3.5%). All secondary endpoint 
analyses, including 28-day and 14-day all-cause mortality and clinical and 
microbiological responses at EOT, TOC, and LFU were consistent with the primary 
efficacy analysis across populations. In addition, subgroup analyses based on 
demographic and baseline characteristics consistently showed a favorable response in 
patients treated with sulbactam-durlobactam compared with those treated with colistin. 
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The primary safety objective for the Phase 3 trial was met and showed a statistically 
significant lower incidence (p=0.0002) of nephrotoxicity based on modified RIFLE 
criteria in patients treated with sulbactam-durlobactam (12/91 [13.2%]) compared with 
patients treated with colistin (32/85 [37.6%]). The overall incidence of treatment-related 
AEs in this trial was lower in patients treated with sulbactam-durlobactam (12/119 
[12.6%]) compared to those treated with colistin (26/86 [30.2%]). 

11.3 Risks 
No unexpected safety signals were observed based on the analyses of AEs, laboratory 
tests, vital signs, or ECGs. The types and incidences of TEAEs reported in the Phase 3 
trial were consistent with expectations for the population of critically ill patients and the 
β-lactam/β-lactamase inhibitor drug class. 

Potential risks associated with the pharmacological class and with the use of sulbactam-
durlobactam include: 

• Diarrhea, including CDAD, and 

• Hypersensitivity (including anaphylactic) reactions. 

Diarrhea was the only treatment-related AE reported in more than 1 patient treated with 
sulbactam-durlobactam in Part A of the Phase 3 trial. The incidence was similar in the 
sulbactam-durlobactam (4/91 patients, 4.4%) and colistin (4/86 patients, 4.7%) groups. 

CDAD has been reported with use of nearly all antibacterial agents, including 
sulbactam-durlobactam, and may range in severity from mild diarrhea to fatal colitis. In 
Part A of the Phase 3 trial, the incidence of at least 1 TEAE (all causality) based on the 
pseudomembranous colitis SMQ was 16/91 (17.6%) patients in the sulbactam-
durlobactam group compared with 14/86 (16.3%) in the colistin group. Events based on 
this SMQ reported in the sulbactam-durlobactam group were diarrhea and antibiotic 
associated colitis. The incidences of these events in the sulbactam-durlobactam and 
colistin groups, respectively, were 15/91 (16.5%) and 9/86 (10.5%) patients for diarrhea 
and 1/91 (1.1%) and 2/86 (2.3%) patients for antibiotic associated colitis. 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions and serious skin 
reactions have been reported in patients receiving β-lactam antibiotics. These reactions 
are more likely to occur in individuals with a history of β-lactam hypersensitivity and/or a 
history of sensitivity to multiple allergens. There have been reports of individuals with a 
history of penicillin hypersensitivity who have experienced severe reactions when 
treated with cephalosporins. Hypersensitivity was observed in patients treated with 
sulbactam-durlobactam in clinical studies. In Part A of the Phase 3 trial, the incidence of 
at least 1 TEAE (all causality) based on the hypersensitivity SMQ was 15/91 (16.5%) in 
the sulbactam-durlobactam group and 10/86 (11.6%) in the colistin group. As described 
in Sections 8.6, 8.8, and 8.9, anaphylactic shock was reported in 1/91 (1.1%) patient in 
the sulbactam-durlobactam group which was reported on Day 9 of study treatment and 
resolved on the same day. 
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Other Information Related to Risks 

The treatment-related SAEs in the sulbactam-durlobactam group in the Phase 3 trial 
were pneumonia in 1 patient in Part A and neutropenia in 1 patient in Part B. No 
treatment-related deaths were reported in patients treated with sulbactam-durlobactam. 

No clinically relevant differences in TEAEs were found in subgroup analyses based on 
age, sex, race, ethnicity, BMI, geographic region, and renal impairment. In both the 
sulbactam-durlobactam and placebo/colistin groups, a higher overall incidence of 
TEAEs was observed for patients with moderate or severe renal impairment (CLCR < 
60 mL/min) compared with those with no or mild renal impairment (CLCR ≥ 60 mL/min), 
which is consistent with the population PK analysis finding of renal function as a 
clinically relevant covariate. Therefore, dose adjustments are recommended in patients 
with CLCR < 45 mL/min and those with augmented renal clearance. 

Sulbactam-durlobactam is unlikely to cause DDIs related to cytochrome P450 and 
therefore risks for DDIs are limited. 

11.4 Benefit-Risk Assessment 
The pharmacology, PK, and safety of durlobactam, both alone and in combination with 
sulbactam, have been well characterized in a comprehensive series of in vitro and in 
vivo nonclinical studies. These studies have defined the key pharmacological properties 
of sulbactam-durlobactam, the PK, distribution, metabolism, excretion, and potential to 
cause DDIs, as well as the key test article-related safety findings and the reversibility of 
these changes. The efficacy and safety of sulbactam-durlobactam have been 
characterized in clinical trials. The risks identified are clinically well known, and easily 
diagnosed and treated in routine clinical care. 

These data collectively provide sound scientific and substantial evidence of safety and 
efficacy of sulbactam-durlobactam for the intended and appropriate use of the product 
for the proposed indication. The nonclinical and clinical safety and efficacy data 
demonstrate a favorable benefit-risk profile and address the statutory standard for 
safety as outlined in the FDA August 2017 Guidance on Antibacterial Therapies for 
Patients with an Unmet Medical Need for the Treatment of Serious Bacterial Diseases 
and the May 2022 Questions and Answers. 

For this serious and life-threatening bacterial infection in patients with a high unmet 
medical need, the totality of data supports that sulbactam-durlobactam provides a 
clinically meaningful benefit in both safety and efficacy as compared to existing 
therapies for the treatment of ABC infections and therefore has the potential to address 
this significant unmet need. 
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13 APPENDICES 

13.1 Phase 3 Trial Inclusion and Exclusion Criteria 
13.1.1 General Inclusion Criteria 

For inclusion into the trial, patients were required to fulfill all of the following criteria, 
including specific inclusion criteria listed for Parts A and B. Patients must have 
had/been: 

1. A signed informed consent; 

Note: If a study patient was unable to provide informed consent due to their 
medical condition, the patient’s legally authorized representative may have 
consented on behalf of the study patient, or the decision could have been made 
according to the procedure permitted by local law and institutional standard 
operating procedures. 

2. Male or female and ≥ 18 years of age; 

3. A confirmed diagnosis of a serious infection and the expectation, in the judgment 
of the Investigator, that the patient’s infection would require treatment with 
intravenous (IV) antibiotics; 

4. A known infection caused by Acinetobacter baumannii-calcoaceticus complex 
(ABC; bacteremia, hospital-acquired bacterial pneumonia [HABP], ventilator-
associated bacterial pneumonia [VABP], ventilated pneumonia [VP], complicated 
urinary tract infection [cUTI] or acute pyelonephritis [AP], or surgical or post-
traumatic wound infections) as either a single pathogen or member of a 
polymicrobial infection based on evidence from culture or, if available, rapid 
diagnostic test from a sample collected within 72 hours prior to randomization 
(HABP/VABP/VP patients), and 1 of the following: 

a. Had received no more than 48 hours of potentially effective (i.e., Gram-
negative coverage) antimicrobial therapy prior to the first dose of study 
drug, or 

b. Was clinically failing prior treatment regimens (i.e., clinical deterioration or 
failure to improve after at least 48 hours of antibiotic treatment). 

Note: Rapid testing of respiratory specimens utilizing Biofire® FilmArray® 2.0 
Pneumonia Panel (BPP) technology was recommended to enable early 
identification of ABC pneumonia. Patients could be randomized based on the 
results of the BPP rapid test while awaiting results of cultures from the local 
laboratory. However, if the respiratory sample did not grow ABC in the local 
microbiology laboratory culture, these patients were withdrawn from the study 
drug treatment. 

Note: Isolation of ABC from pleural effusion (empyema) was allowed, if 
concurrent pulmonary infiltrate was confirmed. 
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5. Acute Physiology and Chronic Health Evaluation (APACHE) II score between 10 
and 30, inclusive, or Sequential Organ Failure Assessment (SOFA) score 
between 7 and 11, inclusive, at the time of diagnosis of infection. Patients who 
were not being treated in an intensive care unit (ICU) and could not have an 
APACHE II or SOFA score performed should have had a quick SOFA (qSOFA) 
score ≥ 2 for enrollment; 

6. Expectation, in the judgment of the Investigator, that the patient would benefit 
from effective antibiotic therapy and appropriate supportive care for the 
anticipated duration of the study; 

7. Women of childbearing potential (ie, not post-menopausal or surgically sterilized) 
must have had a negative highly sensitive urine or serum pregnancy test before 
randomization. Participating women of childbearing potential must have been 
willing to consistently use 1 highly effective method of contraception (i.e., 
condom, combined oral contraceptive, implant, injectable, indwelling intrauterine 
device, or a vasectomized partner) from Screening until at least 30 days after 
administration of the last dose of study drug. 

13.1.1.1 Part A-Specific Inclusion Criteria 

In addition to the general inclusion criteria listed above, patients may have enrolled in 
Part A if they met the following criteria. All patients were categorized in 1 infection type 
that was judged to be the primary infection by the Investigator: 

1. Diagnosed with HABP, VABP, VP, and/or bacteremia, defined as: 
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infection) after at least 48 hours of treatment with colistin or 
polymyxin B; or 

b. Had known intolerance to colistin; 

Note: Patients whom the Investigator felt may have had a potential 
intolerance to colistin could have been enrolled in Part B on a case-by-
case basis after discussion with the Medical Monitor; or 

c. Had myasthenia gravis or another neuromuscular syndrome(s) that 
contraindicated colistin and was not ventilated; 

Note: Ventilated patients with myasthenia gravis or other neuromuscular 
syndromes where, in the opinion of the Investigator, colistin 
administration was reasonable were permitted for consideration for the 
study; or 

d. Had acute kidney injury and was receiving renal replacement therapy at 
study entry. 

2. Patients diagnosed with cUTI, AP, or surgical or post-traumatic wound infections 
may have enrolled in Part B if they met the general inclusion criteria listed in 
Appendix 13.1.1 as well as either a, b, c, d, or, e in addition to the indication 
requirements for f: 

a. Had an infection caused by ABC organisms known to be resistant to 
colistin or polymyxin B (defined as MIC ≥ 4 µg/mL by a non-agar-based 
method); or 

b. Had known intolerance to colistin; 

Note: Patients whom the Investigator felt may have had a potential 
intolerance to colistin could have been enrolled in Part B on a case-by-
case basis after discussion with the Medical Monitor; or 

c. Had myasthenia gravis or another neuromuscular syndrome(s) that 
contraindicated colistin; or 

d. Had acute kidney injury and was receiving renal replacement therapy at 
study entry; or 

e. Had documented clinical evidence of failure (i.e., clinical deterioration or 
failure to improve) after at least 48 hours of treatment with a polymyxin-
based regimen; and 

f. Was diagnosed with cUTI, AP, or surgical or post-traumatic wound 
infection, defined as: 
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pulmonary infection, lung abscess, pleural empyema, post-obstructive 
pneumonia, or COVID-19 infection without clinical improvement); 

Note: Patients with an empyema who would have drainage within 24 hours of 
Screening and who were expected to be able to be treated with 14 or fewer days 
of antibiotics were allowed. 

4. Presence of suspected or confirmed deep seated bacterial infections such as 
bacterial Gram-negative osteomyelitis, endocarditis, or meningitis requiring 
prolonged therapy, as determined by history and/or physical examination; 

5. Acute infective endocarditis due to Gram-positive bacteria that required 
urgent/emergent indication of surgery (i.e., heart failure because of valvular 
insufficiency or septic shock), or patients in whom surgery was contraindicated 
due to prohibitive risk for surgery due to comorbidities; 

6. Irremovable implantable device or line thought to be the potential source of ABC 
infection; 

7. Sustained shock with persisting hypotension requiring vasopressors to maintain 
mean arterial pressure (MAP) ≥ 60 mmHg; 

Note: Patients who could maintain MAP ≥ 60 mmHg on a reasonable dose of 
pressors or were weaning off of pressors may have been considered. Patients 
who required more than the maximal dose of 2 vasopressors to maintain MAP ≥ 
60 mmHg were ineligible. If vasopressors were weaned to below these levels, 
patient enrollment could have been reconsidered. 

8. For patients to have been enrolled with the primary indication of HABP, VABP, or 
VP, any of the following conditions: 

a. Diagnosis of ventilator-associated tracheobronchitis; or 

b. Inability to provide proper respiratory specimens for culture. Respiratory 
samples from expectorated or induced sputum should have shown < 10 
squamous epithelial cells and > 25 polymorphonuclear neutrophils per 100 
x field. 

9. For patients to have been enrolled with the primary indication of cUTI or AP, any 
of the following urologic conditions: 

a. Likely to receive ongoing antibacterial drug prophylaxis after treatment of 
cUTI (e.g., patients with vesico-uretal reflux); 

b. Suspected or confirmed prostatitis; 

c. Requirement for bladder irrigation with antibiotics or for antibiotics to be 
administered directly via urinary catheter; 

d. Previous or planned cystectomy or ileal loop surgery; 
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e. Uncomplicated urinary tract infection (e.g., female patients with urinary 
frequency, urgency, or pain or discomfort without systemic symptoms or 
signs of infection); 

f. Complete, permanent obstruction of the urinary tract; 

g. Suspected or confirmed perinephric or renal corticomedullary abscess; 

h. Polycystic kidney disease; or 

i. Any recent history of trauma to the pelvis or urinary tract. 

10. Pregnant or breastfeeding women; 

11. APACHE II score > 30 and SOFA score > 11 at the time of diagnosis of infection; 

Note: A qSOFA score must have been calculated for all patients without an 
APACHE II score. Glasgow coma score for APACHE II calculation should have 
been the best response prior to initiation of sedation/neuromuscular blockade, 
even if sedation had been in use for > 24 hours. 

12. Receiving peritoneal dialysis; 

13. Requirement for temporary or acute onset treatment with antiseizure medication 
that, in the opinion of the Investigator, would have prohibited the patient from 
complying with the Clinical Study Protocol. Patients at risk of seizure or requiring 
prophylactic antiseizure medications during the study could have been 
considered for enrollment at the discretion of the Investigator. Patients with a 
history of epilepsy or who were on stable treatment (i.e., no recurrent episodes in 
the past 30 days) and no history of imipenem-associated seizures may have 
been considered for enrollment in the study; 

14. Requirement for continuing treatment with probenecid, methotrexate, ganciclovir, 
valproic acid, or divalproex sodium during the study; 

15. Evidence of significant hepatic disease or dysfunction, including known acute 
viral hepatitis, hepatic cirrhosis, hepatic failure, chronic ascites, or hepatic 
encephalopathy; 

16. Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >3 x upper 
limit of normal (ULN) and total bilirubin >2 x ULN at Screening; 

Note: Patients with AST or ALT up to 5 x ULN were eligible if these elevations 
were acute and were documented as being directly related to the infectious 
process being treated. 

17. Requirement at the time of randomization for any reason, or likely to require 
during the patient’s participation in the study (from randomization through the 
Late Follow-Up [LFU] Visit), for additional systemic Gram-negative antimicrobial 
therapy; 

18. Requirement for inhaled antibiotics; 
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19. Known history of human immunodeficiency virus infection and known recent 
cluster of differentiation 4 count < 200/mm3 within the last year or presence of 
significant immunologic disease or dysfunction, as determined by a current 
diagnosis of an Acquired Immune Deficiency Syndrome-defining illness; 

20. Presence of neutropenia (absolute neutrophil count < 500/mm3) obtained from a 
local laboratory at Screening; 

21. A QT interval corrected using Fridericia’s formula (QTcF) ≥ 480 msec; 

22. History of significant hypersensitivity or allergic reaction to any β-lactam, any 
contraindication to the use of cilastatin based on local approved prescribing 
information (e.g., Summary of Medicinal Product Characteristics), any 
contraindication to the excipients used in the respective formulations, or any 
contraindication to the use of β-lactam antibiotics; 

23. Participation in a clinical study involving investigational medication or an 
investigational device within the last 30 days or 5 half-lives, whichever was 
longer, prior to Day 1; 

24. Any condition that, in the opinion of the Investigator, would have compromised 
the safety of the patient or the quality of the data or required greater than 14 days 
of treatment with antibiotics; 

25. Unable or unwilling, in the opinion of the Investigator, to comply with the Clinical 
Study Protocol; 

26. Had previously received durlobactam in this study; or 

27. For Part A only, patients with an infection known to be resistant to colistin or 
polymyxin B (defined as MIC ≥ 4 µg/mL by a non-agar-based method), with a 
known intolerance to colistin, or taking any drug that prevents them from 
receiving colistin. 

  








