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METHODS OF TREATING BACTERIAL INFECTIONS 

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS 

[0001] 	The present application claims the benefit of priorities to U.S. Provisional 

Application Nos. 62/444,238, filed January 9, 2017 and 62/513,936, filed June 1, 2017, both of 

which are incorporated by reference in their entireties. 

STATEMENT REGARDING FEDERALLY SPONSORED R&D 

[0002] 	This application was made with government support under Contract No. 

HHS0100201400002C awarded by Department of Health and Human Services. The government 

may have certain rights in the application. 

BACKGROUND 

Field 

[0003] 	Embodiments of the present application relate to antimicrobial compounds, 

compositions, their use and preparation as therapeutic agents. 

[0004] 	Antibiotics have been effective tools in the treatment of infectious diseases 

during the last half-century. From the development of antibiotic therapy to the late 1980s there 

was almost complete control over bacterial infections in developed countries. However, in 

response to the pressure of antibiotic usage, multiple resistance mechanisms have become 

widespread and are threatening the clinical utility of anti-bacterial therapy. The increase in 

antibiotic resistant strains has been particularly common in major hospitals and care centers. 

The consequences of the increase in resistant strains include higher morbidity and mortality, 

longer patient hospitalization, and an increase in treatment costs. 

[0005] 	Urinary tract infections (UTIs) are a major cause of hospital admissions and 

are associated with significant morbidity and mortality and a high economic burden. The 

majority of UTIs are those acquired in the community setting (57.4%); 35.6% are healthcare- 

associated and 7% are nosocomial. Urinary tract infections can be classified according to the 

anatomic site of infection, such as cystitis or pyelonephritis, and are further classified into 

complicated or uncomplicated, irrespective of the site and severity of the infection. Complicated 

UTIs (cUTIs) occur in subjects with anatomic or functional abnormalities of the urinary tract or 
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in those with significant medical or surgical co-morbidities. The microbiology of cUTIs is 

characterized by a greater variety of organisms and an increased likelihood of antimicrobial 

resistance compared with uncomplicated UTIs. 

[0006] 	Escherichia coli (E. coli) is the most common etiologic agent for cUTI, 

causing approximately 60% to 80% of community-acquired UTIs and approximately 50% of 

hospital-acquired UTIs. Other frequently identified gram-negative organisms include Klebsiella 

spp., Proteus spp., Enterobacter cloacae, Serratia marcescens, and Pseudomonas aeruginosa. 

Frequently identified gram-positive organisms include Enterococci, coagulase-negative 

staphylococci, and Staphylococcus aureus. Moreover, less virulent organisms that are not 

commonly pathogenic in the setting of uncomplicated UTIs can cause severe and invasive 

disease in the setting of cUTIs. 

[0007] 	Beta-lactam antimicrobials are considered to be among the most useful 

classes of antimicrobial agents for treatment of bacterial infections. In particular, the 

development of broad-spectrum cephalosporin and carbapenem antimicrobials have represented 

a key advance in the replacement of other classes of drugs with toxicities and a limited spectra of 

activity against key pathogens. In the current era of increased resistance to extended spectrum 

cephalosporins, carbapenem antimicrobial agents are frequently the antibiotics of "last defense" 

for the most resistant pathogens in serious infections, including those found in cUTIs. The recent 

dissemination of serine carbapenemases (e.g., Klebsiella pneumoniae carbapenemase [KPC]) in 

Enterobacteriaceae in many hospitals worldwide now poses a considerable threat to carbapenem 

and other members of the beta-lactam class of antimicrobial agents. 

[0008] 	In view of the increasing loss of activity of the beta-lactam antibiotic class 

against Enterobacteriaceae (the most common pathogens associated with hospital-acquired 

infections), there is a continued need for improved 0-lactamase inhibitors combination therapy. 

SUMMARY 

[0009] 	Some embodiments of the present disclosure relate to methods of treating 

urinary tract infection (UTI) or acute pyelonephritis (AP), comprising administering a 

combination of an amount of vaborbactam or a pharmaceutically acceptable salt thereof and an 

amount of meropenem to a subject in need thereof: 

sJ 
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[0010] 	In some embodiments, the subject treated by the method described above is a 

mammal. In some further embodiments, the subject is a human. In some embodiments, the 

subject is a female. In some embodiments, the subject has a creatinine clearance rate of equal to 

or greater than 30 mL/min. In some embodiments, the subject has a creatinine clearance rate of 

equal to or greater than 40 mL/min In some embodiments, the subject has a systemic 

inflammatory response syndrome (SIRS). In some other embodiments, the subject has a 

Charlson comorbidity score equal to or greater than 3. 

[0011] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating cUTI or AP in a subject in need thereof, comprising: selecting for treatment a 

subject having a systemic inflammatory response syndrome (SIRS) who is also suffering from 

cUTI or AP; and administering a combination of an amount of vaborbactam or a 

pharmaceutically acceptable salt thereof and an amount of meropenem to the subject. In some 

embodiments, the subject has one or more of the following characteristics at the time of 

treatment: body temperature less than 36°C or more than 38°C, heart rate more than 90 bpm, 

respiratory rate greater than 20 breaths/min, an arterial partial pressure of carbon dioxide less 

than 4.3 kPa (32 mmHg), white blood cell count more than 12,000 cells/mm3  or less than 4,000 

cells/mm3, or the presence of greater than 10% immature neutrophils. In some embodiments, the 

subject is a female. In some embodiments, the subject has a creatinine clearance rate of equal to 

or greater than 30 mL/min. In some embodiments, the subject has a creatinine clearance rate of 

equal to or greater than 40 mL/min 

[0012] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating cUTI or AP in a subject in need thereof, comprising: selecting for treatment a 

subject having a Charlson comorbidity score of equal to or greater than 3, who is also suffering 

from cUTI or AP; and administering a combination of an amount of vaborbactam or a 

pharmaceutically acceptable salt thereof and an amount of meropenem to the subject. In some 

embodiments, the subject is a female. In some embodiments, the subject has a creatinine 

clearance rate of equal to or greater than 30 mL/min. In some embodiments, the subject has a 

creatinine clearance rate of equal to or greater than 40 mL/min 

[0013] 	In some embodiments of the methods described herein, the subject is 

suffering from cUTI. In some other embodiments, the subject is suffering from AP. In some 

embodiments, the subject is also suffering from concomitant bacteremia. In some further 

embodiments, the administration continues for at least five days. 

[0014] 	In some embodiments of the methods described herein, the cUTI or AP is 

caused by Carbapenem-resistant Enterobacteriaceae (CRE). In some embodiments, the cUTI or 
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AP is caused by a baseline pathogen selected from the group consisting of E. coli, K 

pneumoniae, Enterococcus faecalis, Proteus mirabilis, Enterobacter cloacae species complex, 

and P. aeruginosa, or combinations thereof. 

[0015] 	In some embodiments of the methods described herein, the method provides a 

higher success rate in the treatment of cUTI or AP as compared to a subject treated with a 

combination of piperacillin and tazobactam. 

[0016] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating a serious infection due to carbapenem-resistant enterobacteriaceae (CRE) in a 

subject in need thereof, comprising: selecting for treatment a subject having a CRE infection that 

requires at least 7 days of treatment with intravenous antibiotics; and administering a 

combination of an amount of vaborbactam or a pharmaceutically acceptable salt thereof and an 

amount of meropenem to the subject. In some embodiments, the CRE infection is selected from 

the group consisting of cUTI, AP, cIAI, HABP, VABP, and bacteremia, and combinations 

thereof. In some such embodiments, the method provides less adverse events in the treatment of 

the CRE infection as compared to a subject treated with best available therapy. In some further 

embodiments, the method provides a higher success rate in the treatment of the CRE infection as 

compared to a subject treated with best available therapy. In some such embodiments, the best 

available therapy is selected from the group consisting of ciprofloxacin, polymyxin B, colistin, 

amikacin, meropenem, gentamicin, ertapenem, tigecycline, and ceftazidime-avibactam, and 

combinations thereof. In some embodiments, the subject is a female. In some embodiments, the 

subject has a creatinine clearance rate of equal to or greater than 30 mL/min. In some 

embodiments, the subject has a creatinine clearance rate of equal to or greater than 40 mL/min. 

In some embodiments, the subject has a systemic inflammatory response syndrome (SIRS). In 

some other embodiments, the subject has a Charlson comorbidity score equal to or greater than 

3, or equal to or greater than 5. 

[0017] 	In any embodiments of the methods described herein, the amount of 

vaborbactam or the pharmaceutically acceptable salt thereof is about 2 g and the amount of 

meropenem is about 2g. In some other embodiments, the amount of vaborbactam or the 

pharmaceutically acceptable salt thereof is about 1 g and the amount of meropenem is about lg 

for treating cUTI or AP in a subject with impaired renal function, for example, in a subject 

having a creatinine clearance rate of equal to or greater than 20-39 mL/min or 10-19 mL/min In 

some further embodiments, the amount of vaborbactam or the pharmaceutically acceptable salt 

thereof is about 0.5 g and the amount of meropenem is about 0.5 g for treating cUTI or AP in a 

subject with impaired renal function, for example, in a subject having a creatinine clearance rate 
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of less than 20-39 mL/min The combination of vaborbactam or pharmaceutically acceptable 

salt thereof and meropenem may be administered at least once a day, or twice a day (i.e., every 

12 hours), or three times a day (i.e., every 8 hours). In one embodiment, the administration is by 

intravenous infusion. In some such embodiment, the infusion is completed in about 3 hours. In 

some embodiments, vaborbactam or pharmaceutically acceptable salt thereof is administered 

prior or subsequent to meropenem. 	In some other embodiments, vaborbactam or 

pharmaceutically acceptable salt thereof and meropenem are in a single dosage form. 

[0018] 	In any embodiments of the methods described herein, the method further 

comprises administering one or more additional medicaments selected from the group consisting 

of an antibacterial agent, antifungal agent, an antiviral agent, an anti-inflammatory agent, and an 

anti-allergic agent, and combinations thereof. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0019] 	Meropenem-vaborbactam is a beta-lactam antibiotic combination of the 

approved carbapenem, meropenem, and a new novel chemical class of a beta-lactamase 

inhibitor, vaborbactam. Meropenem is a broad-spectrum, injectable, carbapenem antibiotic that 

has been used worldwide for over 2 decades for the treatment of serious infections and is 

considered to be efficacious, safe, and well tolerated. Meropenem's spectrum of activity includes 

many gram-positive bacteria, gram-negative bacteria, and anaerobic bacteria. Vaborbactam is a 

beta-lactamase inhibitor from a new novel chemical class that was optimized for potent 

inhibition of Class A serine carbapenemases, specifically KPC. Vaborbactam restores the 

activity of carbapenems against KPC-producing CRE in vitro and in preclinical models of 

infection. 

[0020] 	In some embodiments, meropenem-vaborbactam is used to address resistance 

due to KPC-producing CRE. In some embodiments, the dosage regimen is meropenem 2 g plus 

vaborbactam 2 g as a 3-hour infusion every 8 hours; this dosage and prolonged infusion regimen 

optimizes the PK-PD properties of both drugs and reduces the development of resistance. 

Definitions  

[0021] 	As used herein, common organic abbreviations are defined as follows: 

AE 	 Adverse Event 

AP 	 Acute Pyelonephritis 

AUC 	 Area Under the Concentration-time Curve 
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BAT 	 Best Available Therapy 

BMI 	 Body Mass Index 

BUN 	 Blood Urea Nitrogen 

CI 	 Confidence Interval 

cIAI 	 Complicated Intra-abdominal Infection 

CL 	 Clearance 

Cmax 	 Maximum Plasma Concentration 

CrC1 	 Creatinine Clearance 

CRE 	 Carbapenem-resistant Enterobacteriaceae 

cUTI 	 Complicated Urinary Tract Infection 

E. coli 	 Escherichia Coli 

EOIVT 	 End of Intravenous Treatment 

EOT 	 End of Treatment 

ESBL 	 Extended-Spectrum Beta-Lactamase 

h 	 Hours 

HABP 	 Hospital-acquired Bacterial Pneumonia 

ITT 	 Intent-to-Treat 

IV 	 Intravenous 

K pneumoniae 	Klebsiella Pneumoniae 

KPC 	 Klebsiella Pneumoniae Carbapenemase 

LCE 	 Leukocyte Esterase 

LLN 	 Lower Limit of Normal 

LTAC 	 Long-Term Acute Care 

ME 	 Microbiological Evaluable 

MIC 	 Minimal Inhibitory Concentration 

Min 	 Minutes 

MITT 	 Modified Intent-to-Treat 

m-MITT 	 Microbiological Modified Intent-to-Treat 

M-V 	 Meropenem-vaborbactam 

P 	 Persistence 

PaCO2 	 Arterial Partial Pressure of Carbon Dioxide 

PCS 	 Potentially Clinically Significant 

PD 	 Pharmacodynamic 

PK 	 Pharmacokinetic 
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PMN 	 Polymorphonuclear Leukocyte 

P-T 	 Piperacillin/Tazobactam 

q8h 	 Every 8 Hours 

q24h 	 Once Every 24 Hours 

qd 	 Once Daily 

SAE 	 Serious Adverse Event 

SD 	 Standard Deviation 

SIRS 	 Systemic Inflammatory Response Syndrome 

t1/2 	 Half-Life 

TEAE 	 Treatment-Emergent Adverse Event 

TOC 	 Test of Cure 

Tmax 	 Time to Maximum Plasma Concentration 

ULN 	 Upper Limit of Normal 

UTI 	 Urinary Tract Infection 

VABP 	 Ventilator-acquired Bacterial Pneumonia 

[0022] 	The term "agent" or "test agent" includes any substance, molecule, element, 

compound, entity, or a combination thereof. It includes, but is not limited to, e.g., protein, 

polypeptide, peptide or mimetic, small organic molecule, polysaccharide, polynucleotide, and 

the like. It can be a natural product, a synthetic compound, or a chemical compound, or a 

combination of two or more substances. Unless otherwise specified, the terms "agent", 

"substance", and "compound" are used interchangeably herein. 

[0023] 	The term "acute pyelonephritis" or "AP" is defined as an acute infection of 

the renal pelvis or parenchyma associated with clinical signs and symptoms. 

[0024] 	The term "complicated urinary tract infection" or "cUTI" is defined as a 

urinary infection occurring in a subject with a structural or functional abnormality of the 

genitourinary tract associated with clinical signs and symptoms. 

[0025] 	The term "complicated intra-abdominal infection" or "cIAI" is defined as an 

infection in the abdominal cavity which extends beyond the hollow viscus of origin (bowel, 

stomach, gallbladder, etc.) into the peritoneal space and that was associated with either abscess 

formation or peritonitis with clinical signs and symptoms. 

[0026] 	The term "hospital-acquired bacterial pneumonia" or "HABP" is defined as 

an acute infection of the pulmonary parenchyma that was associated with clinical signs and 

symptoms and a new pulmonary infiltrate in a subject hospitalized for more than 48 hours or in a 
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subject admitted from a long-term acute care or rehabilitation center or admitted from home <7 

days after discharge from a hospital or health care facility. 

[0027] 	The term "ventilator-acquired bacterial pneumonia" or "VABP" is defined as 

an acute infection of the pulmonary parenchyma that was associated with clinical signs and 

symptoms and a new pulmonary infiltrate beginning more than 48 hours after a subject received 

ventilatory support via an endotracheal (or nasotracheal) tube. 

[0028] 	The term "bacteremia" is defined as by the presence of a bacterial pathogen in 

a blood culture that was not a contaminant. Subjects having an indication of bacteremia may not 

have concurrent HABP, VABP, cIAI, or cUTI/AP infections. However, subjects with HABP, 

VABP, or cUTI/AP may also have had concurrent secondary bacteremia. 

[0029] 	The term "systemic inflammatory response syndrome" or "SIRS" as used 

herein, refers to an inflammatory state affecting the whole body as the body's response to an 

infectious or noninfectious insult. In some instances, the adult SIRS criteria include, but not 

limited to body temperature less than 36°C or more than 38°C, heart rate more than 90 bpm, 

respiratory rate greater than 20 breaths/min or an arterial partial pressure of carbon dioxide less 

than 4.3 kPa (32 mmHg), and white blood cell count more than 12,000 cells/mm3  or less than 

4,000 cells/mm3, or the presence of greater than 10% immature neutrophils (band forms). 

[0030] 	The term "Charlson comorbidity score" as used herein, refers to the score of 

the Charlson comorbidity index. The Charlson comorbidity index predicts the one-year 

mortality for a patient who may have a range of comorbid conditions, such as heart disease, 

AIDS, or cancer. Each condition is assigned a score of 1, 2, 3, or 6, depending on the risk of 

dying associated with each one. Scores are summed to provide a total score to predict mortality. 

Non-exhaustive clinical conditions and associated scores are as follows: 

1: Myocardial infarct, congestive heart failure, peripheral vascular disease, dementia, 

cerebrovascular disease, chronic lung disease, connective tissue disease, ulcer, chronic 

liver disease, diabetes. 

2: Hemiplegia, moderate or severe kidney disease, diabetes with end organ damage, 

tumor, leukemia, lymphoma. 

3: Moderate or severe liver disease. 

[0031] 	The term "mammal" is used in its usual biological sense. Thus, it specifically 

includes humans, cattle, horses, dogs, cats, rats and mice but also includes many other species. 

[0032] 	The term "microbial infection" refers to the invasion of the host organism, 

whether the organism is a vertebrate, invertebrate, fish, plant, bird, or mammal, by pathogenic 

microbes. This includes the excessive growth of microbes that are normally present in or on the 
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body of a mammal or other organism. More generally, a microbial infection can be any situation 

in which the presence of a microbial population(s) is damaging to a host mammal. Thus, a 

mammal is "suffering" from a microbial infection when excessive numbers of a microbial 

population are present in or on a mammal's body, or when the effects of the presence of a 

microbial population(s) is damaging the cells or other tissue of a mammal. Specifically, this 

description applies to a bacterial infection. Note that the compounds of preferred embodiments 

are also useful in treating microbial growth or contamination of cell cultures or other media, or 

inanimate surfaces or objects, and nothing herein should limit the preferred embodiments only to 

treatment of higher organisms, except when explicitly so specified in the claims. 

[0033] 	The term "pharmaceutically acceptable carrier" or "pharmaceutically 

acceptable excipient" includes any and all solvents, dispersion media, coatings, antibacterial and 

antifungal agents, isotonic and absorption delaying agents and the like. The use of such media 

and agents for pharmaceutically active substances is well known in the art. Except insofar as 

any conventional media or agent is incompatible with the active ingredient, its use in the 

therapeutic compositions is contemplated. Supplementary active ingredients can also be 

incorporated into the compositions. In addition, various adjuvants such as are commonly used in 

the art may be included. These and other such compounds are described in the literature, e.g., in 

the Merck Index, Merck & Company, Rahway, NJ. Considerations for the inclusion of various 

components in pharmaceutical compositions are described, e.g., in Gilman et al. (Eds.) (1990); 

Goodman and Gilman's• The Pharmacological Basis of Therapeutics, 8th Ed., Pergamon Press. 

[0034] 	The term "pharmaceutically acceptable salt" refers to salts that retain the 

biological effectiveness and properties of the compounds of the preferred embodiments and, 

which are not biologically or otherwise undesirable. In many cases, the compounds of the 

preferred embodiments are capable of forming acid and/or base salts by virtue of the presence of 

amino and/or carboxyl groups or groups similar thereto. Pharmaceutically acceptable acid 

addition salts can be formed with inorganic acids and organic acids. Inorganic acids from which 

salts can be derived include, for example, hydrochloric acid, hydrobromic acid, sulfuric acid, 

nitric acid, phosphoric acid, and the like. Organic acids from which salts can be derived include, 

for example, acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, 

malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, 

mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, 

and the like. Pharmaceutically acceptable base addition salts can be formed with inorganic and 

organic bases. Inorganic bases from which salts can be derived include, for example, sodium, 

potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper, manganese, aluminum, 
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and the like; particularly preferred are the ammonium, potassium, sodium, calcium and 

magnesium salts. Organic bases from which salts can be derived include, for example, primary, 

secondary, and tertiary amines, substituted amines including naturally occurring substituted 

amines, cyclic amines, basic ion exchange resins, and the like, specifically such as 

isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, and ethanolamine 

Many such salts are known in the art, as described in WO 87/05297, Johnston et al., published 

September 11, 1987 (incorporated by reference herein in its entirety). 

[0035] 	"Solvate" refers to the compound formed by the interaction of a solvent and 

an EPI, a metabolite, or salt thereof. Suitable solvates are pharmaceutically acceptable solvates 

including hydrates. 

[0036] 	"Subject" as used herein, means a human or a non-human mammal, e.g., a 

dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human primate or a bird, e.g., a 

chicken, as well as any other vertebrate or invertebrate. 

[0037] 	A therapeutic effect relieves, to some extent, one or more of the symptoms of 

the infection, and includes curing an infection. "Curing" means that the symptoms of active 

infection are eliminated, including the elimination of excessive members of viable microbe of 

those involved in the infection. However, certain long-term or permanent effects of the infection 

may exist even after a cure is obtained (such as extensive tissue damage). 

[0038] 	"Treat," "treatment," or "treating," as used herein refers to administering a 

pharmaceutical composition for prophylactic and/or therapeutic purposes. 	The term 

"prophylactic treatment" refers to treating a patient who is not yet infected, but who is 

susceptible to, or otherwise at risk of, a particular infection, whereby the treatment reduces the 

likelihood that the patient will develop an infection. The term "therapeutic treatment" refers to 

administering treatment to a patient already suffering from an infection. 

Methods of Treatment  

[0039] 	Some embodiments of the present disclosure relate to methods of treating 

urinary tract infection (UTI) or acute pyelonephritis (AP), comprising administering a 

combination of an amount of vaborbactam or a pharmaceutically acceptable salt thereof and an 

amount of meropenem to a subject in need thereof: 

sJ 
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(vaborbactam). 
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[0040] 	In some embodiments, the subject treated by the method described above is a 

mammal. In some further embodiments, the subject is a human. In some embodiments, the 

subject is a female. In some embodiments, the subject has a creatinine clearance rate of equal to 

or greater than 30 mL/min. In some embodiments, the subject has a creatinine clearance rate of 

equal to or greater than 40 mL/min In some embodiments, the subject has a systemic 

inflammatory response syndrome (SIRS). In some other embodiments, the subject has a 

Charlson comorbidity score equal to or greater than 3. 

[0041] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating cUTI or AP in a subject in need thereof, comprising: selecting for treatment a 

subject having a systemic inflammatory response syndrome (SIRS) who is also suffering from 

cUTI or AP; and administering a combination of an amount of vaborbactam or a 

pharmaceutically acceptable salt thereof and an amount of meropenem to the subject. In some 

embodiments, the subject has one or more of the following characteristics at the time of 

treatment: body temperature less than 36°C or more than 38°C, heart rate more than 90 bpm, 

respiratory rate greater than 20 breaths/min, an arterial partial pressure of carbon dioxide less 

than 4.3 kPa (32 mmHg), white blood cell count more than 12,000 cells/mm3  or less than 4,000 

cells/mm3, or the presence of greater than 10% immature neutrophils. In some embodiments, the 

subject is a female. In some embodiments, the subject has a creatinine clearance rate of equal to 

or greater than 30 mL/min. In some embodiments, the subject has a creatinine clearance rate of 

equal to or greater than 40 mL/min 

[0042] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating cUTI or AP in a subject in need thereof, comprising: selecting for treatment a 

subject having a Charlson comorbidity score of equal to or greater than 3, who is also suffering 

from cUTI or AP; and administering a combination of an amount of vaborbactam or a 

pharmaceutically acceptable salt thereof and an amount of meropenem to the subject. In some 

embodiments, the subject is a female. In some embodiments, the subject has a creatinine 

clearance rate of equal to or greater than 30 mL/min. In some embodiments, the subject has a 

creatinine clearance rate of equal to or greater than 40 mL/min 

[0043] 	In some embodiments of the methods described herein, the subject is 

suffering from cUTI. In some other embodiments, the subject is suffering from AP. In some 

embodiments, the subject is also suffering from concomitant bacteremia. In some further 

embodiments, the administration continues for at least five days. 

[0044] 	In some embodiments of the methods described herein, the cUTI or AP is 

caused by Carbapenem-resistant Enterobacteriaceae (CRE). In some embodiments, the cUTI or 
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AP is caused by a baseline pathogen selected from the group consisting of E. coli, K 

pneumoniae, Enterococcus faecalis, Proteus mirabilis, Enterobacter cloacae species complex, 

and P. aeruginosa, or combinations thereof. 

[0045] 	In some embodiments, the method provides a higher success rate in the 

treatment of cUTI and/or AP as compared to a subject treated with a combination of piperacillin 

and tazobactam. For example, the method described herein provides at least about 5%, about 

10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 

50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 

90%, about 95%, about 100%, about 120%, about 140%, about 160%, about 180%, or about 

200% higher success rate in the treating of cUTI and/or AP. The success rate may include the 

success rate both at the end of treatment (EOT) period or the time of cure (TOC). Overall 

success includes clinical cure, improvement, or eradication of baseline pathogen to < 104  

CFU/ml. 

[0046] 	In some embodiments, the amount of vaborbactam or the pharmaceutically 

acceptable salt thereof is about 2 g and the amount of meropenem is about 2g. In some other 

embodiments, the amount of vaborbactam or the pharmaceutically acceptable salt thereof is 

about 1 g and the amount of meropenem is about lg for treating cUTI or AP in a subject with 

impaired renal function, for example, in a subject having a creatinine clearance rate of equal to 

or greater than 20-39 mUmin or 10-19 mL/min. In some further embodiments, the amount of 

vaborbactam or the pharmaceutically acceptable salt thereof is about 0.5 g and the amount of 

meropenem is about 0.5 g for treating cUTI or AP in a subject with impaired renal function, for 

example, in a subject having a creatinine clearance rate of less than 20-39 mUmin. 

[0047] 	Some embodiments of the present disclosure relate to methods of treating or 

ameliorating a serious infection due to carbapenem-resistant enterobacteriaceae (CRE) in a 

subject in need thereof, comprising: selecting for treatment a subject having a CRE infection that 

requires at least 7 days of treatment with intravenous antibiotics; and administering a 

combination of an amount of vaborbactam or a pharmaceutically acceptable salt thereof and an 

amount of meropenem to the subject. In some embodiments, the CRE infection is selected from 

the group consisting of cUTI, AP, cIAI, HABP, VABP, and bacteremia, and combinations 

thereof. In some embodiments, the subject is a female. In some embodiments, the subject has a 

creatinine clearance rate of equal to or greater than 30 mUmin. In some embodiments, the 

subject has a creatinine clearance rate of equal to or greater than 40 mL/min. In some 

embodiments, the subject has a systemic inflammatory response syndrome (SIRS). In some other 
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embodiments, the subject has a Charlson comorbidity score equal to or greater than 3, or equal to 

or greater than 5. 

[0048] 	In some such embodiments, the method provides less adverse events in the 

treatment of the CRE infection as compared to a subject treated with best available therapy. For 

example, the method provides at least about 5%, about 10%, about 15%, about 20%, about 25%, 

about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, 

about 70%, about 75%, about 80%, about 85%, about 90%, or about 95% less adverse events in 

the treating of cUTI and/or AP. The adverse events may include, but not limited to diarrhea, 

sepsis, anemia, Clostridium Difficile colitis, hypokalemia, renal impairment, septic shock, 

abdominal distension, asthenia, atrial fibrillation, confusional state, constipation, dyspnea, 

extrasystoles, headache, hypomagnesaemia, leukopenia, myalgia, nausea, pain, pulmonary 

embolism, acute renal failure, thrombocytopenia, increased transaminases, tremor, hypotension, 

and/or vomiting. 

[0049] 	In some further embodiments, the method provides a higher success rate in 

the treatment of the CRE infection as compared to a subject treated with best available therapy. 

For example, the method provides at least about 5%, about 10%, about 15%, about 20%, about 

25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 

65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 100%, about 

120%, about 140%, about 160%, about 180%, or about 200% higher success rate in the 

treatment of the CRE infection as compared to a subject treated with best available therapy. The 

success rate may include the success rate both at the end of treatment (EOT) period or the time 

of cure (TOC). Overall success includes clinical cure, improvement, or eradication of baseline 

pathogen to < 104  CFU/ml. In some such embodiments, the best available therapy is selected 

from the group consisting of ciprofloxacin, polymyxin B, colistin, amikacin, meropenem, 

gentamicin, ertapenem, tigecycline, and ceftazidime-avibactam, and combinations thereof. 

[0050] 	The combination of vaborbactam or pharmaceutically acceptable salt thereof 

and meropenem may be administered at least once a day, or twice a day (i.e., every 12 hours), or 

three times a day (i.e., every 8 hours). In one embodiment, the daily dose of vaborbactam or the 

pharmaceutically acceptable salt thereof is about 6.0 g and wherein the daily dose of meropenem 

is about 6.0 g. In some embodiments, the combination of vaborbactam or pharmaceutically 

acceptable salt thereof and meropenem is administered three times a day (i.e., every 8 hours) for 

at least 5 days, for 6 days, for 7 days, for 8 days, for 9 days, for 10 days, for 11 days, for 12 days, 

for 13 days, or for 14 days. some embodiments, the combination of vaborbactam or 

pharmaceutically acceptable salt thereof and meropenem is administered three times a day (i.e., 
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every 8 hours) for from 5 days to 14 days, from 7 days to 14 days, from 7 days to 10 days, or 

from 8 days to 9 days. 

[0051] 	In some embodiments, the combination of vaborbactam or pharmaceutically 

acceptable salt thereof and meropenem is administered intravenously as described herein 

followed by administration of an oral antibiotic after the IV treatment has concluded. 

Accordingly, in some embodiments, the combination of vaborbactam or pharmaceutically 

acceptable salt thereof and meropenem is administered intravenously for at least 5 days, for 6 

days, for 7 days, for 8 days, for 9 days, for 10 days, for 11 days, for 12 days, for 13 days, or for 

14 days followed by oral antibiotic therapy. In some embodiments, the oral antibiotic therapy is 

oral levofloxacin. In some embodiments, the combination of vaborbactam or pharmaceutically 

acceptable salt thereof and meropenem is administered intravenously until the subject is afebrile, 

the signs and symptoms of cUTI or AP at baseline are absent or have improved, any leukocytosis 

present at baseline has improved or resolved, > 1 urine culture is negative for growth at 24 hours 

or exhibits growth with a colony count <104  colony forming units (CFU)/mL, and/or confirmed 

sterilization of the blood if the subject had concurrent bacteremia. In some embodiments, after 

these criteria have been met and IV therapy has stopped, the subject is administered an oral 

antibiotic therapy. 

[0052] 	In one embodiment, the administration is by intravenous infusion. In some 

such embodiments, the intravenous infusion is completed in about 1 to about 5 hours. In some 

such embodiment, the infusion is completed in about 3 hours. In some embodiments, 

vaborbactam or pharmaceutically acceptable salt thereof is administered prior or subsequent to 

meropenem. In some other embodiments, vaborbactam or pharmaceutically acceptable salt 

thereof and meropenem are in a single dosage form. In some embodiments, the single dosage 

form further comprises a pharmaceutically acceptable excipient, diluent, or carrier. 

[0053] 	In any embodiments of the methods described herein, the method may further 

comprise administering one or more additional medicaments selected from the group consisting 

of an antibacterial agent, antifungal agent, an antiviral agent, an anti-inflammatory agent, and an 

anti-allergic agent, and combinations thereof. 

Indications  

[0054] 	The compositions comprising vaborbactam and a carbapenem compound 

meropenem described herein can be used to treat various bacterial infections. In some 

embodiments, the compositions may be used to treat disorders or conditions that are caused by 

bacterial infection, including but not limited to complicated urinary tract infection (cUTI) or 
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acute pyelonephritis (AP). In some further embodiments, the compositions may be used to treat 

severe gram-negative infections, for example, serious infections due to carbapenem-resistant 

enterobacteriaceae (CRE), including cUTI/AP, complicated intra-abdominal infection (cIAI), 

hospital-acquired bacterial pneumonia (HABP), ventilator-acquired bacterial pneumonia 

(VABP), and bacteremia, suspected or known to be caused by CRE. Bacterial infections that can 

be treated with a combination of vaborbactam and meropenem can comprise a wide spectrum of 

bacteria. Example organisms include gram-positive bacteria, gram-negative bacteria, aerobic 

and anaerobic bacteria, such as Staphylococcus, Lactobacillus, Streptococcus, Sarcina, 

Escherichia, Enterobacter, Klebsiella, Pseudomonas, Acinetobacter, Mycobacterium, Proteus, 

Campylobacter, Citrobacter, Nisseria, Baccillus, Bacteroides, Peptococcus, Clostridium, 

Salmonella, Shigella, Serratia, Haemophilus, Brucella and other organisms. 

[0055] 	More examples of bacterial infections include Pseudomonas aeruginosa, 

Pseudomonas fluorescens, Pseudomonas acidovorans, Pseudomonas alcaligenes, Pseudomonas 

putida, Stenotrophomonas maltophilia, Burkholderia cepacia, Aeromonas hydrophilia, 

Escherichia coli, Citrobacter freundii, Salmonella typhimurium, Salmonella typhi, Salmonella 

paratyphi, Salmonella enteritidis, Shigella dysenteriae, Shigella flexneri, Shigella sonnei, 

Enterobacter cloacae, Enterobacter aerogenes, Klebsiella pneumoniae, Klebsiella oxytoca, 

Serratia marcescens, Francisella tularensis, Morganella morganii, Proteus mirabilis, Proteus 

vulgaris, Providencia alcalifaciens, Providencia rettgeri, Providencia stuartii, Acinetobacter 

baumannii, Acinetobacter calcoaceticus, Acinetobacter haemolyticus, Yersinia enterocolitica, 

Yersinia pestis, Yersinia pseudotuberculosis, Yersinia intermedia, Bordetella pertussis, 

Bordetella parapertussis, Bordetella bronchiseptica, Haemophilus influenzae, Haemophilus 

parainfluenzae, Haemophilus haemolyticus, Haemophilus parahaemolyticus, Haemophilus 

ducreyi, Pasteurella multocida, Pasteurella haemolytica, Branhamella catarrhalis, Helicobacter 

pylori, Campylobacter fetus, Campylobacter jejuni, Campylobacter coli, Borrelia burgdorferi, 

Vibrio cholerae, Vibrio parahaemolyticus, Legionella pneumophila, Listeria monocytogenes, 

Neisseria gonorrhoeae, Neisseria meningitidis, Kingella, Moraxella, Gardnerella vaginalis, 

Bacteroides fragilis, Bacteroides distasonis, Bacteroides 3452A homology group, Bacteroides 

vulgatus, Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides uniformis, Bacteroides 

eggerthii, Bacteroides splanchnicus, Clostridium difficile, Mycobacterium tuberculosis, 

Mycobacterium avium, Mycobacterium intracellulare, Mycobacterium leprae, Corynebacterium 

diphtheriae, Corynebacterium ulcerans, Streptococcus pneumoniae, Streptococcus agalactiae, 

Streptococcus pyogenes, Enterococcus faecalis, Enterococcus faecium, Staphylococcus aureus, 

Staphylococcus epidermidis, Staphylococcus saprophyticus, Staphylococcus intermedius, 
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Staphylococcus hyicus subsp. hyicus, Staphylococcus haemolyticus, Staphylococcus hominis, or 

Staphylococcus saccharolyticus. 

[0056] 	In some embodiments, the infection is caused by a bacteria selected from 

Pseudomonas aeruginosa, Pseudomonas fluorescens, Stenotrophomonas maltophilia, 

Escherichia coli, Citrobacter freundii, Salmonella typhimurium, Salmonella typhi, Salmonella 

paratyphi, Salmonella enteritidis, Shigella dysenteriae, Shigella flexneri, Shigella sonnei, 

Enterobacter cloacae, Enterobacter aerogenes, Klebsiella pneumoniae, Klebsiella oxytoca, 

Serratia marcescens, Acinetobacter calcoaceticus, Acinetobacter haemolyticus, Yersinia 

enterocolitica, Yersinia pestis, Yersinia pseudotuberculosis, Yersinia intermedia, Haemophilus 

influenzae, Haemophilus parainfluenzae, Haemophilus haemolyticus, Haemophilus 

parahaemolyticus, Helicobacter pylori, Campylobacter fetus, Campylobacter jejuni, 

Campylobacter coli, Vibrio cholerae, Vibrio parahaemolyticus, Legionella pneumophila, 

Listeria monocytogenes, Neisseria gonorrhoeae, Neisseria meningitidis, Moraxella, Bacteroides 

fragilis, Bacteroides vulgatus, Bacteroides ovalus, Bacteroides thetaiotaomicron, Bacteroides 

uniformis, Bacteroides eggerthii, or Bacteroides splanchnicus. 

Antibacterial Compounds  

[0057] 	Vaborbactam has the structures shown as follows: 

sJ 
tjo 

HO'ELO
CO2H 

[0058] 	In some embodiments, due to the facile exchange of boron esters, 

vaborbactam may convert to or exist in equilibrium with alternate forms. Accordingly, in some 

embodiments, vaborbactam may exist in combination with one or more of these forms. For 

example, vaborbactam may exist in combination with one or more open-chain form (Formula 

Ia), dimeric form (Formula lb), cyclic dimeric form (Formula Ic), trimeric form (Formula Id), 

cyclic trimeric form (Formula Ie), and the like. 	Vaborbactam and its enantiomer, 

diastereoisomer or tautomer, or pharmaceutically acceptable salt is described in U.S. Patent No. 

8,680,136, which is incorporated by reference in its entirety. 
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[0059] 	Meropenem is an ultra-broad-spectrum injectable antibiotic used to treat a 

wide variety of infections. It is a 0-lactam and belongs to the subgroup of carbapenem. It has the 

structure shown as follows: 

0 

[0060] 	Some embodiments include methods for treating or preventing cUTI or AP 

comprising administering to a subject in need thereof, an effective amount of vaborbactam and 

meropenem, wherein vaborbactam can be in any one of the forms described above or a 

combination thereof. 

[0061] Some embodiments further comprise administering an additional 

medicament, either is a separate composition or in the same composition. In some 

embodiments, the additional medicament includes an antibacterial agent, antifungal agent, an 
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antiviral agent, an anti-inflammatory agent or an anti-allergic agent. In some embodiments, the 

additional medicament comprises an antibacterial agent such as an additional 0-lactam. 

[0062] 	In some embodiments, the additional 0-lactam includes Amoxicillin, 

Ampicillin (Pivampicillin, Hetacillin, Bacampicillin, Metampicillin, Talampicillin), Epicillin, 

Carbenicillin (Carindacillin), Ticarcillin, Temocillin, Azlocillin, Piperacillin, Mezlocillin, 

Mecillinam (Pivmecillinam), Sulbenicillin, Benzylpenicillin (G), Clometocillin, Benzathine 

benzylpenicillin, Procaine benzylpenicillin, Azidocillin, Penamecillin, Phenoxymethylpenicillin 

(V), Propicillin, Benzathine phenoxymethylpenicillin, Pheneticillin, Cloxacillin (Dicloxacillin, 

Flucloxacillin), Oxacillin, Meticillin, Nafcillin, Faropenem, Biapenem, Doripenem, Ertapenem, 

Imipenem, Panipenem, Tomopenem, Razupenem, Tebipenem, Sulopenem, Cefazolin, 

Cefacetrile, Cefadroxil, Cefalexin, Cefaloglycin, Cefalonium, Cefaloridine, Cefalotin, 

Cefapirin, Cefatrizine, Cefazedone, Cefazaflur, Cefradine, Cefroxadine, Ceftezole, Cefaclor, 

Cefamandole, Cefminox, Cefonicid, Ceforanide, Cefotiam, Cefprozil, Cefbuperazone, 

Cefuroxime, Cefuzonam, Cefoxitin, Cefotetan, Cefmetazole, Loracarbef, Cefixime, 

Ceftazidime, Ceftriaxone, Cefcapene, Cefdaloxime, Cefdinir, Cefditoren, Cefetamet, 

Cefmenoxime, Cefodizime, Cefoperazone, Cefotaxime, Cefpimizole, Cefpiramide, 

Cefpodoxime, Cefsulodin, Cefteram, Ceftibuten, Ceftiolene, Ceftizoxime, Flomoxef, 

Latamoxef, Cefepime, Cefozopran, Cefpirome, Cefquinome, Ceftobiprole, Ceftaroline, 

Ceftolozane, CXA-101, RWJ-54428, MC-04,546, ME1036, BAL30072, SYN 2416, Ceftiofur, 

Cefquinome, Cefovecin, Aztreonam, Tigemonam, Carumonam, RWJ-442831, RWJ-333441, 

RWJ-333442, 5649266, GSK3342830, AIC 499, levofloxacin, tazobactam, tigecycline, 

amikacin, tobramycin, gentamicin, polymyxin B, and ceftazidime-avibactam. 

Administration and Pharmaceutical Compositions  

[0063] 	Some embodiments include pharmaceutical compositions comprising: (a) a 

safe and therapeutically effective amount of vaborbactam, or its corresponding enantiomer, 

diastereoisomer or tautomer, or pharmaceutically acceptable salt; (b) meropenem, and (c) a 

pharmaceutically acceptable carrier. 

[0064] 	Vaborbactam and meropenem are administered at a therapeutically effective 

dosage, e.g., a dosage sufficient to provide treatment for the disease states previously described. 

In some embodiments, a single dose of vaborbactam and meropenem may range from about 500 

mg to about 2000 mg. In some embodiments, vaborbactam and meropenem can be administered 

at least once a day, for example 1 to 5 times a day, or 3 times a day. In one embodiment, a sing 
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dose of vaborbactam and meropenem is administered as 2g/2g via 3-hour intravenous infusion 

every 8 hours. 

[0065] 	Administration of the combination comprising vaborbactam or the 

pharmaceutically acceptable salt thereof and meropenem can be via any of the accepted modes 

of administration for agents that serve similar utilities including, but not limited to, orally, 

subcutaneously, intravenously, intranasally, topically, transdermally, intraperitoneally, 

intramuscularly, intrapulmonarilly, vaginally, rectally, or intraocularly. Intravenous, oral and 

parenteral administrations are customary in treating the indications that are the subject of the 

preferred embodiments. 

[0066] 	Vaborbactam and meropenem can be formulated into pharmaceutical 

compositions for use in treatment of these conditions. Standard pharmaceutical formulation 

techniques are used, such as those disclosed in Remington's The Science and Practice of 

Pharmacy, 21st Ed., Lippincott Williams & Wilkins (2005), incorporated by reference in its 

entirety. 

[0067] 	In addition to vaborbactam and meropenem, some embodiments include 

compositions containing a pharmaceutically-acceptable carrier. The term "pharmaceutically- 

acceptable carrier", as used herein, means one or more compatible solid or liquid filler diluents 

or encapsulating substances, which are suitable for administration to a mammal. The term 

"compatible", as used herein, means that the components of the composition are capable of being 

commingled with the subject compound, and with each other, in a manner such that there is no 

interaction, which would substantially reduce the pharmaceutical efficacy of the composition 

under ordinary use situations. Pharmaceutically-acceptable carriers must, of course, be of 

sufficiently high purity and sufficiently low toxicity to render them suitable for administration 

preferably to an animal, preferably mammal being treated. 

[0068] 	Some examples of substances, which can serve as pharmaceutically- 

acceptable carriers or components thereof, are sugars, such as lactose, glucose and sucrose; 

starches, such as corn starch and potato starch; cellulose and its derivatives, such as sodium 

carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; malt; 

gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; calcium sulfate; 

vegetable oils, such as peanut oil, cottonseed oil, sesame oil, olive oil, corn oil and oil of 

theobroma; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene 

glycol; alginic acid; emulsifiers, such as the TWEENS; wetting agents, such sodium lauryl 

sulfate; coloring agents; flavoring agents; tableting agents, stabilizers; antioxidants; 

preservatives; pyrogen-free water; isotonic saline; and phosphate buffer solutions. 
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[0069] 	The choice of a pharmaceutically-acceptable carrier to be used in conjunction 

with the combination is basically determined by the way the combination is to be administered. 

[0070] 	The compositions described herein are preferably provided in unit dosage 

form. As used herein, a "unit dosage form" is a composition containing an amount of a 

compound that is suitable for administration to an animal, preferably mammal subject, in a 

single dose, according to good medical practice. The preparation of a single or unit dosage form 

however, does not imply that the dosage form is administered once per day or once per course of 

therapy. Such dosage forms are contemplated to be administered once, twice, thrice or more per 

day and may be administered as infusion over a period of time (e.g., from about 30 minutes to 

about 2-6 hours), or administered as a continuous infusion, and may be given more than once 

during a course of therapy, though a single administration is not specifically excluded. The 

skilled artisan will recognize that the formulation does not specifically contemplate the entire 

course of therapy and such decisions are left for those skilled in the art of treatment rather than 

formulation. 

[0071] 	The compositions useful as described above may be in any of a variety of 

suitable forms for a variety of routes for administration, for example, for oral, nasal, rectal, 

topical (including transdermal), ocular, intracerebral, intracranial, intrathecal, intra-arterial, 

intravenous, intramuscular, or other parental routes of administration. The skilled artisan will 

appreciate that oral and nasal compositions comprise compositions that are administered by 

inhalation, and made using available methodologies. Depending upon the particular route of 

administration desired, a variety of pharmaceutically-acceptable carriers well-known in the art 

may be used. Pharmaceutically-acceptable carriers include, for example, solid or liquid fillers, 

diluents, hydrotropies, surface-active agents, and encapsulating substances. 	Optional 

pharmaceutically-active materials may be included, which do not substantially interfere with the 

inhibitory activity of the compound. The amount of carrier employed in conjunction with the 

compound is sufficient to provide a practical quantity of material for administration per unit dose 

of the compound. Techniques and compositions for making dosage forms useful in the methods 

described herein are described in the following references, all incorporated by reference herein: 

Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker & Rhodes, editors, 2002); 

Lieberman et al., Pharmaceutical Dosage Forms: Tablets (1989); and Ansel, Introduction to 

Pharmaceutical Dosage Forms 8th Edition (2004). In some embodiments, the pharmaceutical 

compositions are administered intravenously. 

[0072] 	Compositions described herein may optionally include other drug actives. 
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[0073] 	Other compositions useful for attaining systemic delivery of the subject 

compounds include sublingual, buccal and nasal dosage forms. Such compositions typically 

comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and 

binders such as acacia, microcrystalline cellulose, carboxymethyl cellulose and hydroxypropyl 

methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and flavoring agents 

disclosed above may also be included. 

[0074] 	A liquid composition, which is formulated for topical ophthalmic use, is 

formulated such that it can be administered topically to the eye. The comfort should be 

maximized as much as possible, although sometimes formulation considerations (e.g. drug 

stability) may necessitate less than optimal comfort. In the case that comfort cannot be 

maximized, the liquid should be formulated such that the liquid is tolerable to the patient for 

topical ophthalmic use. Additionally, an ophthalmically acceptable liquid should either be 

packaged for single use, or contain a preservative to prevent contamination over multiple uses. 

[0075] 	Preservatives that may be used in the pharmaceutical compositions disclosed 

herein include, but are not limited to, benzalkonium chloride, PHMB, chlorobutanol, thimerosal, 

phenylmercuric, acetate and phenylmercuric nitrate. A useful surfactant is, for example, Tween 

80. Likewise, various useful vehicles may be used in the ophthalmic preparations disclosed 

herein. 	These vehicles include, but are not limited to, polyvinyl alcohol, povidone, 

hydroxypropyl methyl cellulose, poloxamers, carboxymethyl cellulose, hydroxyethyl cellulose 

and purified water. 

[0076] 	Tonicity adjustors may be added as needed or convenient. They include, but 

are not limited to, salts, particularly sodium chloride, potassium chloride, mannitol and glycerin, 

or any other suitable ophthalmically acceptable tonicity adjustor. 

[0077] 	Various buffers and means for adjusting pH may be used so long as the 

resulting preparation is ophthalmically acceptable. For many compositions, the pH will be 

between 4 and 9. Accordingly, buffers include acetate buffers, citrate buffers, phosphate buffers 

and borate buffers. Acids or bases may be used to adjust the pH of these formulations as needed. 

[0078] 	For topical use, creams, ointments, gels, solutions or suspensions, etc., 

containing the compound disclosed herein are employed. Topical formulations may generally be 

comprised of a pharmaceutical carrier, co-solvent, emulsifier, penetration enhancer, preservative 

system, and emollient. 

[0079] 	For intravenous administration, the compounds and compositions described 

herein may be dissolved or dispersed in a pharmaceutically acceptable diluent, such as a saline or 

dextrose solution. Suitable excipients may be included to achieve the desired pH, including but 
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not limited to NaOH, sodium carbonate, sodium acetate, HC1, and citric acid. In various 

embodiments, the pH of the final composition ranges from 2 to 8, or preferably from 4 to 7. 

Antioxidant excipients may include sodium bisulfite, acetone sodium bisulfite, sodium 

formaldehyde, sulfoxylate, thiourea, and EDTA. Other non-limiting examples of suitable 

excipients found in the final intravenous composition may include sodium or potassium 

phosphates, citric acid, tartaric acid, gelatin, and carbohydrates such as dextrose, mannitol, and 

dextran. Further acceptable excipients are described in Powell, et al., Compendium of 

Excipients for Parenteral Formulations, PDA J Pharm Sci and Tech 1998, 52 238-311 and Nema 

et al., Excipients and Their Role in Approved Injectable Products: Current Usage and Future 

Directions, PDA J Pharm Sci and Tech 2011, 65 287-332, both of which are incorporated herein 

by reference in their entirety. Antimicrobial agents may also be included to achieve a 

bacteriostatic or fungistatic solution, including but not limited to phenylmercuric nitrate, 

thimerosal, benzethonium chloride, benzalkonium chloride, phenol, cresol, and chlorobutanol. 

[0080] 	The resulting composition may be infused into the patient over a period of 

time. In various embodiments, the infusion time ranges from 5 minutes to continuous infusion, 

from 10 minutes to 8 hours, from 30 minutes to 4 hours, and from 1 hour to 3 hours. In one 

embodiment, the drug is infused over a 3 hour period. The infusion may be repeated at the 

desired dose interval, which may include, for example, 6 hours, 8 hours, 12 hours, or 24 hours. 

[0081] 	The compositions for intravenous administration may be provided to 

caregivers in the form of one more solids that are reconstituted with a suitable diluent such as 

sterile water, saline or dextrose in water shortly prior to administration. Reconstituted 

concentrated solutions may be further diluted into a parenteral solutions having a volume of 

from about 25 to about 1000 ml, from about 30 ml to about 500 ml, or from about 50 ml to about 

250 ml. In other embodiments, the compositions are provided in solution ready to administer 

parenterally. In still other embodiments, the compositions are provided in a solution that is 

further diluted prior to administration. In embodiments that include administering a combination 

of a compound described herein and another agent, the combination may be provided to 

caregivers as a mixture, or the caregivers may mix the two agents prior to administration, or the 

two agents may be administered separately. 

Kits for Intravenous Administration  

[0082] 	Some embodiments include a kit comprising vaborbactam and a carbapenem 

antibacterial agent Meropenem. In some embodiments, the kits are used for intravenous 

administration. 
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[0083] 	In one embodiment, both components are provided in a single sterile 

container. In the case of solids for reconstitution, the agents may be pre-blended and added to 

the container simultaneously or may be dry-powder filled into the container in two separate 

steps. In some embodiments, the solids are sterile crystalline products. In other embodiment, 

the solids are lyophiles. In one embodiment, both components are lyophilized together. Non- 

limiting examples of agents to aid in lyophilization include sodium or potassium phosphates, 

citric acid, tartaric acid, gelatin, and carbohydrates such as dextrose, mannitol, and dextran. One 

embodiment includes non-sterile solids that are irradiated either before or after introduction into 

the container. 

[0084] 	In the case of a liquid, the agents may be dissolved or dispersed in a diluent 

ready for administration. In another embodiment, the solution or dispersion may be further 

diluted prior to administration. Some embodiments include providing the liquid in an IV bag. 

The liquid may be frozen to improve stability. 

[0085] 	In one embodiment, the container includes other ingredients such as a pH 

adjuster, a solubilizing agent, or a dispersing agent. Non-limiting examples of pH adjusters 

include NaOH, sodium carbonate, sodium acetate, HC1, and citric acid. 

[0086] 	In an alternative embodiment, the two components may be provided in 

separate containers. Each container may include a solid, solution, or dispersion. In such 

embodiments, the two containers may be provided in a single package or may be provided 

separately. In one embodiment, the compound described herein is provided as a solution while 

the additional agent (e.g., antibacterial agent) is provided as a solid ready for reconstitution. In 

one such embodiment, the solution of the compound described herein is used as the diluent to 

reconstitute the other agent. 

[0087] 	In some embodiments, the kit may comprise comprises one or more additional 

medicaments selected from an antibacterial agent, antifungal agent, an antiviral agent, an anti- 

inflammatory agent, or an anti-allergic agent. The additional medicaments can be prepared in 

the same way as described above. 

EXAMPLES 

[0088] 	The following examples, including experiments and results achieved, are 

provided for illustrative purposes only and are not to be construed as limiting the present 

application. 
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Example 1  

[0089] 	Example 1 provides a summary of a clinical study of Phase III, multicenter, 

double-blind, double-dummy, randomized, parallel-group study of the efficacy, safety, and 

tolerability of meropenem-vaborbactam compared with piperacillin/tazobactam in the treatment 

of adults with cUTI or AP. 

[0090] 	Approximately 500 subjects with a clinical diagnosis of cUTI or AP and a 

clinical severity of illness (with or without bacteremia) to warrant the use of IV antibiotics for at 

least 5 days were to be enrolled and randomized in a 1:1 ratio to one of the following groups: 

Meropenem 2 g/vaborbactam 2 g IV infused in 250 mL normal saline over 3 hours plus a 100 

mL normal saline IV infused over 30 minutes q8h; Piperacillin/tazobactam 4.5 g (piperacillin 

4 g/tazobactam 0.5 g) IV infused in 100 mL normal saline over 30 minutes plus 250 mL normal 

saline IV infused over 3 hours q8h. A dose modification was required for meropenem- 

vaborbactam for subjects with an estimated CrC1 less than 50 mL/min (Meropenem 

1 g/vaborbactam 1 g, q8h). No dose adjustment was required for piperacillin/tazobactam for 

subjects with an estimated CrC1 less than 50 mUmin. 

[0091] 	An assessment of clinical outcome was performed on Day 3 of study 

treatment, on the last day of IV therapy (i.e., the End of IV Treatment lEOIVT1), on the last day 

of total therapy (i.e., End of Treatment [EOT]), at the Test of Cure (TOC) visit (EOT + 7 days), 

and at the Late Follow-Up (LFU) visit (EOT + 14 days). The visit activities at EO1VT and EOT 

were combined for subjects who did not switch to oral therapy. If a subject withdrew from the 

study early, study assessments were performed at an early termination visit. 

[0092] 	The average duration of study participation for each subject was 

approximately 25 days, including 1 day for screening, 10 days of therapy, and 14 days for 

follow-up, with a potential maximum duration of study participation of 31 days (1 day for 

screening + 14 days of therapy + 16 days follow-up). 

[0093] 	The Intent-to-Treat (ITT) Population included all subjects screened and 

randomized to study drug (i.e., meropenem vaborbactam or piperacillin/tazobactam). 

[0094] 	The Modified Intent-to-Treat (MITT) Population included all subjects who 

met ITT criteria and received at least one dose of study drug. 

[0095] 	The m-MITT Population included all subjects who met the MITT criteria and 

had a baseline bacterial pathogen(s) of >105  CFU/mL of urine at baseline urine culture for 

evaluation or the same bacterial pathogen present in concurrent blood and urine cultures. 

Subjects who only had an identified gram-positive pathogen in the urine and who had received 
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>48 hours of an antibiotic with only gram-positive coverage were not included in the m-MITT 

Population 

Key Inclusion/Exclusion Criteria 

[0096] 	For inclusion into the trial, subjects were required to fulfill certain criteria 

including: male or female >18 years of age; weight <185 kg; the subject's cUTI or AP required 

initial treatment with at least 5 days of IV antibiotics. Any indwelling urinary catheter or 

instrumentation (including nephrostomy tubes and/or indwelling stents) would be removed or 

replaced (if removal is not clinically acceptable) before or as soon as possible, but not longer 

than 12 hours after randomization. 

[0097] 	Subjects with creatinine clearance (CrC1) <30 mL/min using the Cockcroft- 

Gault formula were excluded from this study. In addition, subjects receiving any potentially 

therapeutic antibiotic agent within 48 hours before randomization were also excluded, with the 

following exceptions: A single dose of a short-acting oral or IV antibiotic (No more than 25% of 

subjects will be enrolled who meet this criterion); Subjects with unequivocal clinical evidence of 

treatment failure (i.e., worsening signs and symptoms); Subjects who develop signs and 

symptoms of cUTI or AP while on antibiotics for another indication. 

[0098] 	A clinical outcome of either Cure, Improvement, Failure or Intermediate was 

assigned using the definitions specified in the table below. 

Category 	Criteria 

Cure 	At E.Onol-F, trie complete feSOkitiOn o signAtant Improvement of the baseline signs. arid 
symptoms of cliTI Of AP. At ECT„ 'TOG. and LFLI the complete resdlution or significant 
improvement of the baseline signs and symptoms of ctiTt or AP such that no further 
antimicrobial therapy was warranted. 
Symptom resolution did not necessarily include baseline symptoms: associated with 
anatomic ab#101/113RECS that predisposed to ctill such as symptoms associated with the 
presence of an indwelling urinary catheter_ This outcome category was used only at 
the EOIVT, EOT. TOC. and LFU visits. 

Improvement Lessening, incomplete resolutions  or no worsening of baseline clinical signs and 
symptoms of WTI or AP, but continued IV therapy was warranted_ This outcome 
category was used .ortly at Day 3 and the EOIVT v sits. 

Failure 	Subjects who experienced any one of the following: 
• At any study visit, worsening of basethe dnicai signs and symptoms of ctITI or AP or 

the development of new ar-ik.:a signs and symptoms of infection, sufficient to stop 
,nidy drug and initiate a noristudy antimicrobial 

• At EUT,, 	TOC, and PO visits, persistence incomplete resolution f b eline 
signs and symptoms of infection 

• 'Withdrawal from the study due to AE or due to lack of clinic Improvement 
• Death ,of the subject during the study 

indeterminate Clinical outconie cannot be determined. 

AE = adverse event; AP = acute pye...iciriephritis; cLITI = complicated urinary tact infection; EOIVT = End 
of lhtravenaus Treatment; EDT = End of Treatment; = intravenous; i2Fu = Late Fcillow-Lip; TOC = Test 
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[0099] 	The criteria for microbiological outcome are defined in the table below. 

Category Criteria 

Eradication 	• Basefine bacterial pathogen( s) was reduced . <1W .GF1Jimi o urine culture 
or 103 	(EMA) 
AND 

• A negative Uood culture fcg 3:1 organism that was identified as a tIftv.athgen 
(if repeated after poste at baselMe :htood culture) 

Persistence 	• Ore Or moreo the baseline bacterial pathogen(s) was corrtiauousy present at a..10- 
CRlimL on urine cutture (FDA) or L-103 Ut t t EMA) 
OR 

• A continuously positiv_ blood culture vith 	argani siTT that was 	ntified as a 
uropathogen 

Recurr nce 	• tsalaton cif the same b; set 	bacterial pathi_ en(s): fro 3Y r ulture after a response c-Ef 
eradication 
OR. 
A positive U5doct culture with the same baseline organism that .ixas identified as a 
urocathagen after a response of eradication 

indeterminate 	No :urine culture of tie urine culture could not be interpreted for any reason 

= coony forming units; EM.A = European Medicines .Agency; FDA = Food and Druo Administatlon. 

Primary Efficacy Endpoint 

[0100] 	The primary efficacy endpoint for the FDA was the proportion of subjects in 

the Microbiological Modified Intent-to-Treat (m-MITT) Population who achieved overall 

success (clinical cure or improvement and eradication of baseline pathogen to < 104  CFU/ml) at 

the EOIVT visit. The primary efficacy endpoint for the EMA was the proportion of subjects in 

the co-primary m-MITT and Microbiological Evaluable (ME) Populations who achieved a 

microbiologic outcome of eradication (i.e., baseline bacterial pathogen reduced to <103  CFU/mL 

of urine) at the TOC visit. Non-inferiority for both FDA and EMA primary endpoints will be 

concluded if the lower limit of the two sided 95% CI is > -15%. 

[0101] 	The study population and subject disposition (MITT) are summarized in 

Table 1 and Table 2 below respectively. 

Table 1. 
Populations Meropenem-vaborbactam 

N=274 
n(%) 

Piperacillin/tazobactam 
N=276 
n(%) 

Total 
N = 550 
n (%) 

Intention to Treat (ITT) 274 (100) 276 (100) 550 (100) 
Modified Intention to Treat 

(MITT)/Safety 
272 (99.3) 273 (98.9) 545 (99.1) 

Microbiologic Modified 
Intention to Treat (m-MITT) 

192 (70.1) 182 (65.9) 374 (68.0) 

Microbiologic Evaluable 
(ME) 

178 (65.0) 169 (61.2) 347 (63.1) 
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Table 2. 
Subject Disposition Meropenem-vaborbactam 

N = 272 
n(%) 

Piperacillin/tazobactam 
N = 273 
n(%) 

Total 
N = 545 
n (%) 

Subjects who completed 
study treatment 

249 (91.5) 235 (86.1) 484 (88.8) 

Commonest reasons for DC 8 (2.9) 13 (4.8) 21 (3.9) 
of study drug: 6 (2.2) 14 (5.1) 20 (3.7) 

Physician Decision 
Adverse event 
Withdrawal by subject 

7 (2.6) 4 (1.5) 11 (2.0) 

Subjects who completed 
study 

258 (94.9) 250 (91.6) 508 (93.2) 

[0102] 	The baseline characteristics of the MITT group are summarized in Table 3. 

Table 3. 
Subject Baseline Meropenem- Piperacillin/ Total 
Characteristics vaborbactam tazobactam N = 545 

N = 272 N = 273 n(%) 
n(%) n (%) 

Acute pyelonephritis 161 (59.2) 161 (59.0) 322 (59.1) 
Complicated UTI 111 (40.8) 112 (41.0) 233 (40.9) 
Age-years: mean (sd) 53 (19.4) 52.6 (20.9) 52.8 (20.2) 

> 65 years 87 (32.0) 103 (37.7) 190 (34.9) 
Women 181 (66.5) 180 (65.9) 361 (66.2) 
Creatinine clearance- 93.5 (34.4) 89.2 (36.4) 91.3 (35.4) 
ml/min: mean (sd) 31 (11.4) 37 (13.5) 68 (12.4) 

< 50 ml/min 
Diabetes mellitus 42 (15.4) 44 (16.1) 86 (15.8) 
Systemic Inflammatory 77 (28.3) 90 (33.0) 167 (30.6) 
Response Syndrome 
Charlson Comorbidity 143 (52.6) 147 (53.8) 290 (53.2) 
Index Score > 3 

[0103] 	The baseline pathogens in the m-MITT group in at least 15 subjects are 

summarized in Table 4. 

Table 4. 
Baseline Pathogens Meropenem- 

vaborbactam 
N = 192 
n(%) 

Piperacillin/ 
tazobactam 

N = 182 
n (%) 

Total 
N = 374 
n(%) 

E. coli 125 (65.1) 117 (64.3) 242 (64.7) 
K. pneumoniae 30 (15.6) 28 (15.4) 58 (15.5) 
Enterococcus faecalis 13 (6.8) 14 (7.7) 27 (7.2) 
Proteus mirabilis 6 (3.1) 12 (6.6) 18 (4.8) 
Enterobacter cloacae 
species complex 

10 (5.2) 5 (2.7) 15 (4.0) 

P. aeruginosa 5 (2.6) 10 (5.5) 15 (4.0) 

Efficacy Results Discussion  

[0104] 	Noninferiority for FDA's primary efficacy endpoint, overall success at 

EOIVT in the m-MITT Population, a composite endpoint of clinical (i.e., Cure or Improvement) 
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and microbiologic (Eradication/presumed Eradication) outcomes, was met. Overall success was 

seen in a higher proportion of subjects in the meropenem-vaborbactam group (98.4%) than in the 

piperacillin/tazobactam group (94.0%), with a treatment difference of 4.5% and 95% CI of 

(0.7%, 9.1%) (Table 5A). Because the lower limit of the 95% CI is greater than the pre-specified 

noninferiority margin of -15%, meropenem-vaborbactam is noninferior to 

piperacillin/tazobactam. Additionally, because the lower limit of the 95% CI is also greater than 

0%, meropenem-vaborbactam is superior to piperacillin/tazobactam. 

[0105] 	Overall success rates were higher in the meropenem-vaborbactam group 

compared to the piperacillin/tazobactam group in subjects with AP (97.5% and 94.1%, 

respectively), subjects with cUTI and a removable source of infection (100% and 92.1%, 

respectively), and subjects with cUTI and a nonremovable source of infection (100% and 

95.3%). The lower limit of the 95% CI was greater than -15% in each infection type, 

demonstrating that meropenem-vaborbactam is noninferior to piperacillin/tazobactam for overall 

success in subjects with AP and subjects with cUTI and either a removable or nonremovable 

source of infection. 

Table 5A. 
FDA Primary Endpoint Meropenem- 

Vaborbactam 
N . 192 

Piperacillin/ 
Tazobactam 

N . 182 
Overall Success at EOIVT 
mMITT Population 

189/192 (98.4%) 171/182 (94.0%) 

Difference (95% CI) 4.5 (0.7, 9.1) 

[0106] 	Noninferiority for EMA's primary efficacy endpoint, eradication rate at TOC 

in the m-MITT and ME Populations, was met. Eradication rates at TOC were higher in the 

meropenem-vaborbactam group compared to the piperacillin/tazobactam group in both the m- 

MITT (66.7% versus 57.7%) and ME (66.3% and 60.4%) Populations. The treatment difference 

and 95% CI was 9.0% and (-0.9%, 18.7%) for the m-MITT Population and 5.9% (-4.2%, 16%) 

for the ME Population (Table 5B). Based on these data, meropenem-vaborbactam is noninferior 

to piperacillin/tazobactam because the lower limit of the 95% CI for the group difference in both 

the m-MITT and ME Populations is greater than the pre-specified noninferiority margin of -15%. 

[0107] 	Eradication rates at TOC in the m-MITT and ME Populations were higher in 

both groups in subjects with AP compared to subjects with cUTI. In the meropenem- 

vaborbactam and piperacillin/tazobactam groups, eradication rates at TOC in the m-MITT 

Population were 74.2% and 63.4% in subjects with AP compared to 60.0% and 52.6% in 

subjects with cUTI and a removable source of infection and 48.6% and 48.8% in subjects with 

cUTI and a nonremovable source of infection. In the ME Population, eradication rates at TOC 
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were 74.8% and 67.4% in subjects with AP compared to 58.8% and 55.9% in subjects with cUTI 

and a removable source of infection and 45.5% and 48.8% in subjects with cUTI and a 

nonremovable source of infection. The lower limit of the 95% CI was greater than -15% in the 

m-MITT and ME Populations in subjects with AP, demonstrating that meropenem-vaborbactam 

is noninferior to piperacillin/tazobactam for eradication rates at TOC in subjects with AP. 

Table 5B. 
EMA Primary Endpoint 
Co-Primary 

Meropenem- 
Vaborbactam 

Piperacillin/ 
Tazobactam 

Microbial Eradication at TOC 
mMITT Population 

128/192 (66.7%) 105/182 (57.7%) 

Difference (95% CI) 9.0 (-0.9, 18.7) 
Microbial Eradication at TOC 
ME Population 

118/178 (66.3%) 102/169 (60.4%) 

Difference (95% CI) 5.9 (-4.2, 16.0) 

[0108] 	Overall success rates were higher in the meropenem-vaborbactam than in the 

piperacillin/tazobactam groups at EOIVT (98.4% and 94.0%) and TOC (74.5% and 70.3%), with 

a treatment difference and 95% CI of 4.5% and (0.7% and 9.1%) at EO1VT and 4.1% and 

(-4.9%, 13.2%) at TOC (Table 5C). Based on these data, meropenem-vaborbactam is noninferior 

to piperacillin/tazobactam because the lower limit of the 95% CI is greater than the pre-specified 

noninferiority margin of -15% at both EO1VT and TOC. 

Table 5C. 
Key Secondary Endpoint Meropenem- 

Vaborbactam 
N . 192 

Piperacillin/ 
Tazobactam 

N . 182 
Overall Success at TOC 
mMITT Population 

143/192 (74.5%) 128/182 (70.3%) 

Difference (95% CI) 4.1 (-4.9, 13.2) 

Subgroup Analyses  

SIRS and Charlson Comorbidny Score  

[0109] 	The Forest Plot of overcall success rate at EOIVT by subgroups (mITT 

population) is summarized in Tables 6A and 6B. Consistent treatment effects were seen in the 

meropenem-vaborbactam and piperacillin/tazobactam groups for FDA's primary efficacy 

endpoint, overall success at EOIVT, for subgroups based on age, gender, renal function (with the 

exception of CrCl<30 mL/min because there was only 1 subject in each group), diabetes status, 

SIRS status, Charlson comorbidity score, and geographic region. Overall success rates at EOIVT 

were similar in both groups in nonbacteremic subjects. 
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[0110] 	A consistent treatment effect was seen in the meropenem-vaborbactam and 

piperacillin/tazobactam groups for EMA's primary efficacy endpoint, eradication rates at TOC 

(EMA's CFU/mL criteria) in the m-MITT and ME Populations by age, gender, renal function 

(with the exception of CrCl<30 mL/min because there was only 1 subject in each group), 

diabetes status, SIRS status, Charlson comorbidity score, geographic region, and bacteremia 

status. In particular, Systemic inflammatory response syndrome (SIRS) status (Y/N) and 

Charlson comorbidity score (<2; >3) at baseline were summarized below. SIRS status was 

calculated based on temperature (<36°C or >38°C), heart rate (>90 bpm), respiratory rate (>20 

breaths/min or PaCO2 <32 mmHg), and white blood cell count (>12,000 or <4,000 per pL or 

>10% bands). Charlson comorbidity score was determined at baseline by assessing patients' 

comorbid conditions, assigning the corresponding value, and summing the values. Patients were 

then stratified into 2 groups: Charlson comorbidity score of <2 and Charlson comorbidity score 

of >3. 

[0111] 	Of 550 subjects who were randomized within the study, 374 (192 in the M-V 

group; 182 in the P-T group) were included in the m-MITT population. At baseline, the 

proportion of subjects in the M-V and P-T groups who met SIRS criteria was 28.6% and 33.5%, 

respectively. The proportion of subjects in the M-V and P-T groups who had a Charlson 

comorbidity score of >3 was 53.6 and 57.7% at baseline, respectively. A higher proportion of 

subjects with AP met SIRS criteria than did subjects with cUTI with either a removable or non- 

removable source of infection (Table 6C). Charlson comorbidity score was higher in subjects 

with cUTI, with a removable or non-removable source of infection, than in subjects with AP 

(Table 6D). At the EOIVT and TOC time points, consistent efficacy results for the primary study 

endpoint were seen in subjects across comorbidities defined by SIRS status and Charlson 

comorbidity score. 

[0112] 	It was observed that at the EOIVT time point, overall success rates were 

similar between those with SIRS and those without SIRS (98.2% in M-V group with SIRS 

versus 95.1% in P-T group with SIRS; 98.5% in M-V group without SIRS versus 93.4% in P-T 

group without SIRS). Overall success rates in those with SIRS were higher in the M-V group vs 

the P-T group at the TOC time point (92.7% in M-V group with SIRS versus 72.1% in P-T 

group with SIRS; 67.2% in M-V group without SIRS versus 69.4% in P-T group without SIRS). 

[0113] 	It was also observed that overall success rates at EOIVT and TOC were lower 

in subjects with a Charlson comorbidity score of >3 vs <2 (98.2% in M-V group with score <2 

versus 97.4% in P-T group with score <2; 66.0% in M-V group with score >3 versus 59.0 % in 

P-T group with score >3). 
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[0114] 	Overall success in the m-MITT population at TOC was also assessed 

simultaneously by infection type and by SIRS status and Charlson comorbidity score (Table 6E). 

For subjects with AP, overall success rates trended towards being more favorable in the M-V 

group compared with the P-T group for subjects with SIRS. Overall success rates trended 

towards being more favorable for M-V in subjects with AP who had a higher Charlson 

comorbidity score (i.e., >3). For subjects with cUTI with a non-removable source of infection, 

overall success rates trended towards being more favorable in the M-V group compared with the 

P-T group for subjects with SIRS. Charlson comorbidity score did not affect overall success 

rates in subjects with cUTI with a non-removable source of infection. 

[0115] In conclusion, at TOC, overall success rates in subjects with AP who had SIRS 

were higher than in those without SIRS for the meropenem-vaborbactam group. Outcomes in 

those with a Charlson comorbidity score of >3 were lower than in those with a score of <2 at the 

TOC time point. For subjects with AP, overall success rates trended towards being more 

favorable in the M-V group compared with the P-T group in subjects with SIRS and in subjects 

with a higher Charlson comorbidity score (i.e., >3). For subjects with cUTI with a non- 

removable source of infection, overall success rates trended towards being more favorable in the 

M-V group compared with the P-T group for subjects with SIRS. The results are summarized in 

Table 6F below. 
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Table 6F. Overall Success Rates at EOIVT and TOC for the mMITT Population 
EOIVT TOC 

M-V P-T 
Difference 
(95% CI) 

M-V P-T 
Difference 
(95% CI) 

With SIRS 
54/55 
(98.2) 

58/61 
(95.1) 

3. 1 
(-5.3, 
12.0) 

51/55 
(92.7) 

44/61 (72.1) 
20.6 

(7.0, 34.2) 

Without 
SIRS 

135/137 
(98.5) 

113/121 
(93.4) 

5.2 
(0.5, 11.2) 

92/137 
(67.2) 

84/121 (69.4) 
-2.3 

(-13.5, 9.2) 
Charlson 

Comorbidity 
Score <2 

87/89 
(97.8) 

75/77 
(97.4) 

0.4 
(-5.6, 7.0) 

75/89 
(84.3) 

66/77 (85.7) 
-1.4 

(-12.5, 
10.0) 

Charlson 
Comorbichty 

Score >3 

102/103 
(99.0) 

96/105 
(91.4) 

7.6 
(2.2, 14.7) 

68/103 
(66.0) 

62/105 (59 0). 
7.0 

(-6.2, 19.9) 

Bacteremia Status  

[0116] 	The study drug exposure for subjects with baseline bacteremia is summarized 

in Table 7 and the baseline characteristics of subjects with bacteremia in the m-MITT population 

are listed in Table 8 below. In the m-MITT group, the bacteremia status of M-V and P-T subjects 

at baseline was similar: the concurrent bacteremia is 6.3% (12/192) in M-V group and 8.2% 

(15/182) in P-T group. Most subjects with bacteremia had AP (92% [11/12] in the M-V group; 

60% [9/15] in the P-T group). Escherichia coli was the most common baseline pathogen found 

in blood and urine cultures in subjects with bacteremia. Other baseline pathogens presented in 

subjects with concurrent bacteremia at baseline in the m-MITT population include K 

Pneumoniae and P. Mirabilis. 

Table 7. Study Drug Exposure in Subjects with Baseline Bacteremia (m-MITT Population) 

Category M-V 
(N=12) 

P-T 
(N=15) 

Total 
(N=27) 

Patients Receiving only IV therapy 
N 4 8 12 
Mean ± SD (days) 7.8 (6.40) 10.6 (3.02) 9.7 (4.36) 
Patients Receiving IV and Oral Step-Down 
Therapy 
N 8 7 15 
Total (Mean ± SD (days)) 10.5 (0.76) 10.7 (1.11) 10.6 (0.91) 
IV (Mean ± SD (days)) 6.9 (1.13) 7.0 (1.41) 6.9 (1.22) 
PO (Mean ± SD (days)) 4.4 (1.06) 4.6 (1.13) 4.5 (1.06) 
Exposure = last dose date of study drug - first dose date of study drug + 1, using calendar days. 
Note: IV dose may be taken in 11 calendar days. 

M-V, meropenem-vaborbactam; P-T, piperacillin-tazobactam. 
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Table 8. Baseline Characteristics of Subjects with Bacteremia (m-MITT Population) 

Characteristic M-V 
(N=12) 
n(%) 

P-T 
(N=15) 
n(%) 

Total 
(N=27) 
n (%) 

AP 11 (91.7) 9 (60.0) 20 (74.1) 
cUTI 
With removable source of infection 
With non-removable source of infection 

1 (8.3) 
0 (0.0) 
1 (8.3) 

6 (40.0) 
3 (20.0) 
3 (20.0) 

7 (25.9) 
3 (11.1) 
4 (14.8) 

Age (y): mean (SD) 
No. ?65 y 

55.3 (20.7) 
5 (41.7) 

58.7 (15.9) 
5 (33.3) 

57.2 (17.9) 
10 (37.0) 

Gender, female 10 (83.3) 12 (80.0) 22 (81.5) 
Race, white 9 (75.0) 14 (93.3) 23 (85.2) 
Creatinine clearance (mL/min): mean 
(SD) 
No. with <50 mL/min 

68.1 (26.6) 
4 (33.3) 

73.3 (24.8) 
3 (20.0) 

71.0 (25.3) 
7 (25.9) 

Diabetes mellitus 1 (8.3) 6 (40.0) 7 (25.9) 
SIRS 8 (66.7) 7 (46.7) 15 (55.6) 
Charlson comorbidity score >3 9 (75.0) 11 (73.3) 20 (74.1) 

[0117] 	MIC values for baseline pathogens in subjects with bacteremia at baseline are 

summarized in Table 9. 

Table 9. 

MIC (ug/mL) of Antimicrobial Agent 
Antimicrobial Agent Baseline 
Pathogen 

Median* 
(pg/mL) 

Range** 

Meropenem-vaborbactam 
E. coli (N=9) 
K pneumoniae (N=2) 

<0.06 
<0.06 

NA 
NA 

Piperacillin-tazobactam 
E. coli (N=13) 
K pneumoniae (N=1) 
P. mirabilis (N=1) 

2 
2 
<0.05 

1- 32 
NA 
NA 

nly data from blood cultures are included. N refers to the number of isolates  recovered in 
subjects with baseline bacteremia treated with the specified antimicrobial agent. *Where the number of 
isolates equals 1 (N=1), the individual MIC value is provided. Where N=2, the median MIC value is 
provided. **Range is provided for baseline pathogens with >2 isolates. 

[0118] 	It was observed that in bacteremic subjects, the overall success rates at 

EOIVT were lower in the M-V group than in the P-T group (83.3% vs 100%). At EOIVT, the 2 

subjects with bacteremia in the M-V group who did not achieve overall success were classified 

as failures because study drug was prematurely discontinued due to an AE (tremor in one; 

infusion-related reaction in the other). In both cases, the bloodstream was cleared of bacteria. At 

EOIVT, the bloodstream was cleared of bacteria in all subjects with bacteremia. Overall success 

rates at TOC were higher in the M-V group compared with the P-T group (75% vs 60%). Lower 
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overall success rates at the TOC time point vs the EOIVT time point were driven by recurrence 

of baseline organisms in the urine. These findings suggest that meropenem-vaborbactam is able 

to effectively treat subjects with concurrent bacteremia associated with cUTI or AP, which 

occurred in 7% of study subjects with a baseline urinary pathogen. The results are summarized in 

Table 10 below. 

Table 10. Overall Success by Time point (m-MITT population) 
EOIVT TOC 

M-V (N=192) P-T (N=182) M-V (N=192) P-T (N=182) 
Presence of 
Bacteremia 

10/12, 83.3% 15/15, 100% 9/12, 75.0% 9/15, 60.0% 

Absence of Bacteremia 
174/175, 
99.4% 

153/164, 
93.3% 

131/175, 
74.9% 

118/164, 
72.0% 

[0119] 	Conclusion: Phase 3 study assessing the efficacy, safety and tolerability of 

meropenem-vaborbactam compared with piperacillin-tazobactam in the treatment of adults with 

cUTI, including AP. This study demonstrates that meropenem-vaborbactam is noninferior to 

piperacillin/tazobactam in the treatment of cUTI, including AP. The results met FDA pre- 

specified non-inferiority margin and also met criteria for superiority for efficacy. In addition, the 

results met EMA pre-specified non-inferiority margin as specified in EMA Guidance. Consistent 

efficacy results observed across clinical and microbiology endpoints and analysis populations. 

The safety and tolerability of meropenem-vaborbactam was comparable to 

piperacillin/tazobactam. In addition, the type and incidence of treatment emergent adverse events 

in meropenem-vaborbactam group similar to those previously reported with meropenem. 

Example 2  

[0120] 	Example 2 provides a summary of a clinical study of Phase III, multicenter, 

randomized, open-label study of meropenem-vaborbactam versus best available therapy (BAT) 

in subjects with selected serious infections due to carbapenem-resistant enterobacteriaceae 

(CRE), including cUTI/AP, complicated intra-abdominal infection (cIAI), hospital-acquired 

bacterial pneumonia (HABP), ventilator-acquired bacterial pneumonia (VABP), and bacteremia, 

suspected or known to be caused by CRE. 

[0121] 	Subjects with either a known or suspected CRE infection who were expected 

to need at least 7 days of treatment with intravenous (IV) antibiotics were enrolled in a 2:1 ratio 

to one of the following groups: meropenem 2 g-vaborbactam 2 g IV q8h, with each dose infused 

for 3 hours for up to14 days; BAT with the following IV antibiotics either alone or in 

combination for up to 14 days: carbapenem (meropenem, ertapenem, or imipenem), tigecycline, 
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colistin, aminoglycosides (amikacin, tobramycin, or gentamicin), polymyxin B, or ceftazidime- 

avibactam alone. 

[0122] 	Randomization was stratified by presenting indication (cUTI or AP, cIAI, 

HABP, VABP, and bacteremia) and by region (North America, Europe, Asia Pacific, rest of the 

world). 

[0123] 	The study consisted of the following periods: A screening and randomization 

period of 1 day; A treatment period of 7 days to 14 days with Day 1 the first day of study drug 

administration and End of Treatment (EOT) the final day of study drug administration (+1 day); 

A follow-up period of 5 days to 16 days, including a Test of Cure (TOC) visit 7 (±2) days 

following EOT and Late Follow-Up visit (LFU) 14 (±2) days following EOT. Thus, the total 

duration of study participation was approximately 29 days with a maximum duration of 31 days. 

Study Endpoints  

[0124] 	Safety parameters included adverse events (AEs), clinical laboratory 

parameters (hematology, chemistry, and urinalysis), vital signs (blood pressure, heart rate, and 

respiratory rate), electrocardiograms (ECGs), and AEs of special interest based on AEs noted in 

the warnings and precautions section of the meropenem labels, including hypersensitivity, 

seizure, and Clostridium difficile-associated diarrhea (CDAD). 

[0125] 	To assess any potential changes in renal function, changes in serum creatinine 

were analyzed using the first three classes of Risk, Injury, Failure, Loss, or End-Stage (RIFLE) 

criteria. Class 1: Risk — increase in serum creatinine >1.5 times Baseline value. Class 2: Injury — 

increase in serum creatinine >2 times Baseline value. Class 3: Failure — increase in serum 

creatinine >3 times Baseline value or an acute increase in serum creatinine >44 pmol/L from 

Baseline >354 pmol/L. class 4 (complete loss of kidney function for over 4 weeks) and class 5 

(end stage; complete loss kidney function for over 3 months) were not applicable in this study 

because the study duration was approximately 4 weeks. 

[0126] 	Efficacy endpoints include the following: 

Proportion of subjects with a clinical outcome of Cure at EOT and TOC, based on an 

assessment of the signs and symptoms of infection by the investigator, across all 

indications; in cUTI/AP subjects only; and in bacteremic subjects only; 

Proportion of subjects with a microbiologic outcome of Eradication at EOT and TOC by 

both the Food and Drug Administration's (FDA) and European Medicines Agency's 

(EMA) colony forming units (CFU)/mL criteria (<104 CFU/mL of urine and <103 

CFU/mL of urine, respectively); cUTI/AP subjects only and bacteremic subjects only; 
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Proportion of subjects with overall success, a composite endpoint of clinical Cure and 

microbiologic Eradication, at EOT and TOC; cUTI/AP subjects only and bacteremic 

subjects only; 

All-cause mortality rate at Day 28. For this endpoint, mortality data for HABP/VABP 

subjects were combined with data for subjects with bacteremia. 

[0127] 	Efficacy data were analyzed for two populations, a Microbiological 

Carbapenem-resistant Enterobacteriaceae Modified Intent-to-Treat (mCRE-MITT) Population 

and Microbiological Modified Intent-to-Treat (m-MITT) Population. mCRE-MITT population 

includes all subjects who received at least one dose of study drug and who had 

Enterobacteriaceae at baseline that was confirmed as meropenem-resistant. m-MITT population 

includes all subjects who received at least one dose of study drug and had a gram-negative 

bacterial pathogen(s) at baseline. The mCRE-MITT Population was the primary population for 

efficacy. 

Study Subjects  

[0128] 	A total of 41 subjects were randomized• 25 to meropenem-vaborbactam group 

and 16 to BAT group. Of the 41 subjects randomized, 39 received at least one dose of study drug 

(MITT Population): 23 in the meropenem-vaborbactam group and 16 in the BAT group. The 39 

subjects in the meropenem-vaborbactam and BAT groups in the MITT Population included 23 

subjects with cUTI or AP (15 and 8 subjects, respectively), 12 subjects with bacteremia (7 and 5 

subjects, respectively), 5 subjects with HABP/VABP (3 and 2 subjects, respectively), and 1 

subject with cIAI (BAT). The majority of subjects in the meropenem-vaborbactam (65.2%) and 

BAT (68.8%) groups completed the study treatment. 

Safety Summary  

[0129] 	At the interim analysis, the AE profile of meropenem-vaborbactam and BAT 

are similar. The proportion of subjects with an AE was similar in the meropenem-vaborbactam 

and BAT groups (87.0% and 87.5%, respectively). The most frequent AEs in both groups were 

diarrhea and sepsis/septic shock. Diarrhea was reported in a similar proportion of subjects in the 

meropenem-vaborbactam (13.0%) and BAT groups (18.8%). Sepsis/septic shock was reported in 

a lower proportion of subjects in the meropenem-vaborbactam group (8.7%) compared with the 

BAT group (31.3%). No subjects in the meropenem-vaborbactam group, but 2 subjects (12.5%) 

in the BAT group had an acute kidney injury as defined by RIFLE criteria. 
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Efficacy Summary 

[0130] 	Cure rates in the overall population were higher in the meropenem- 

vaborbactam group compared to the BAT group at EOT and similar in both groups at TOC (see 

Table 11). All-cause mortality rates at Day 28 in the overall population were similar in both 

groups. 

[0131] 	Cure rates at EOT across all infections were 60.0% in the meropenem- 

vaborbactam group and 30.0% in the BAT group in the mCRE-MITT Population and 64.7% in 

the meropenem-vaborbactam group and 38.5% in the BAT group in the m-MITT Population. 

Cure rates at TOC across all infections were 40.0% in both groups in the mCRE-MITT 

Population and 41.2% in the meropenem-vaborbactam group and 46.2% in the BAT group in the 

m-MITT Population. 

[0132] 	All-cause mortality rates at Day 28 across all infections were 26.7% in the 

meropenem-vaborbactam group and 30.0% in the BAT group in the mCRE-MITT Population 

and 23.5% in the meropenem-vaborbactam group and 23.1% in BAT group in the m-MITT 

Population. 

Table 11: Cure Rates and 28-Day All-Cause Mortality Rates across All Infections 

Endpoint m-MITT Population mCRE-MITT Population 

Meropenem- 
Vaborbactam (N=17) 

n (%) 

BAT1  (N=13) 
n (%) 

Meropenem- 
Vaborbactam 

(N=15) 
n (%) 

BAT1  (N=10) 
n (%) 

Cure at EOT 11 ( 64.7) 5 ( 38.5) 9 ( 60.0) 3 ( 30.0) 

Cure at TOC 7 ( 41.2) 6 ( 46.2) 6 ( 40.0) 4 ( 40.0) 

All-cause mortality at Day 28 4 ( 23.5) 3 ( 23.1) 4 ( 26.7) 3 ( 30.0) 

1Sixty percent of subjects in the BAT group were treated with a regimen that included a carbapenem and 50.0% 
were treated with a regimen that included colistin or polymyxin B or an aminoglycoside. 

[0133] 	In summary, clinical cure rates in the overall subject population across all 

indications were higher in the meropenem-vaborbactam group compared to the BAT group at 

EOT and were similar at TOC. For subjects with cUTI/AP, the rates of Cure, Eradication, and 

overall success at EOT were similar in the meropenem-vaborbactam and BAT groups. 
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WHAT IS CLAIMED IS: 

1. Use of a combination of an amount of vaborbactam or a pharmaceutically 

acceptable salt thereof and an amount of meropenem in the preparation of a medicament for the 

treatment or amelioration of complicated urinary tract infection (cUTI) or acute pyelonephritis 

(AP) in a subject in need thereof, wherein the subject has been selected for treatment, having a 

systemic inflammatory response syndrome (SIRS) and who is also suffering from cUTI or AP, 

wherein the subject has a Charlson comorbidity score of equal to or greater than 3, and wherein 

the medicament is to be administered to the subject. 

2. The use of Claim 1, wherein the subject has one or more of the following 

characteristics at the time of treatment: body temperature less than 36°C or more than 38°C, heart 

rate more than 90 bpm, respiratory rate greater than 20 breaths/min, an arterial partial pressure of 

carbon dioxide less than 4.3 kPa (32 mmHg), white blood cell count more than 12,000 cells/mm³ 

or less than 4,000 cells/mm³, or the presence of greater than 10% immature neutrophils. 

3. Use of a combination of an amount of vaborbactam or a pharmaceutically 

acceptable salt thereof and an amount of meropenem in the preparation of a medicament for the 

treatment or amelioration of complicated urinary tract infection (cUTI) or acute pyelonephritis 

(AP) in a subject in need thereof, wherein the subject has been selected for treatment, having a 

Charlson comorbidity score of equal to or greater than 3, and who is also suffering from cUTI or 

AP, and wherein the medicament is to be administered to the subject. 

4. The use of any one of Claims 1 to 3, wherein the subject is also suffering from 

concomitant bacteremia. 

5. The use of any one of Claims 1 to 4, wherein the administration continues for at 

least five days. 

6. The use of any one of Claims 1 to 5, wherein the subject has a creatinine clearance 

rate of equal to or greater than 40 mL/min. 

7. The use of any one of Claims 1 to 6, wherein the subject has a creatinine clearance 

rate of equal to or greater than 30 mL/min.  

8. The use of any one of Claims 1 to 7, wherein said medicament provides a higher 

success rate in the treatment of cUTI or AP as compared to a subject treated with a combination 

of piperacillin and tazobactam. 
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9. The use of any one of Claims 1 to 8, wherein the cUTI or AP is caused by a baseline 

pathogen selected from the group consisting of E. coli, K. pneumoniae, Enterococcus faecalis, 

Proteus mirabilis, Enterobacter cloacae species complex, and P. aeruginosa, or combinations 

thereof. 

10. Use of a combination of an amount of vaborbactam or a pharmaceutically 

acceptable salt thereof and an amount of meropenem in the preparation of a medicament for the 

treatment or amelioration of a serious infection due to carbapenem-resistant enterobacteriaceae 

(CRE) in a subject in need thereof, wherein the subject has been selected for treatment, having a 

CRE infection that requires at least 7 days of treatment with intravenous antibiotics, wherein the 

subject has a Charlson comorbidity score of equal to or greater than 3, and wherein the 

medicament is to be administered to the subject. 

11. The use of Claim 10, wherein the CRE infection is selected from the group 

consisting of cUTI, AP, cIAI, HABP, VABP, and bacteremia, and combinations thereof. 

12. The use of Claim 10 or 11, wherein said medicament provides less adverse events 

in the treatment of the CRE infection as compared to a subject treated with best available therapy. 

13. The use of any one of Claims 10 to 12, wherein said medicament provides a higher 

success rate in the treatment of the CRE infection as compared to a subject treated with best 

available therapy.  

14. The use of Claim 12 or 13, wherein the best available therapy is selected from the 

group consisting of ciprofloxacin, polymyxin B, colistin, amikacin, meropenem, gentamicin, 

ertapenem, tigecycline, and ceftazidime-avibactam, and combinations thereof.      

15. The use of any one of Claims 10 to 14, wherein the subject has a Charlson 

comorbidity score of equal to or greater than 5. 

16.  The use of any one of Claims 10 to 14, wherein the subject has a systemic 

inflammatory response syndrome (SIRS). 

17. The use of any one of Claims 1 to 16, wherein the amount of vaborbactam or the 

pharmaceutically acceptable salt thereof is about 2 g. 

18. The use of any one of Claims 1 to 17, wherein the amount of meropenem is about 

2 g. 
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19. The use of any one of Claims 1 to 18, wherein the combination is to be administered 

at least once per day. 

20. The use of Claim 19, wherein the combination is to be administered every 8 hours. 

21. The use of any one of Claims 1 to 20, wherein the administration is by intravenous 

infusion. 

22. The use of Claim 21, wherein the intravenous infusion is completed is about 3 

hours. 

23. The use of any one of Claims 1 to 22, wherein vaborbactam or the pharmaceutically 

acceptable salt thereof is to be administered prior or subsequent to meropenem. 

24. The use of any one of Claims 1 to 22, wherein vaborbactam or the pharmaceutically 

acceptable salt thereof and meropenem are in a single dosage form. 

25. The use of any one of Claims 1 to 24, wherein one or more additional medicaments 

is to be further administered, said one or more additional medicaments being selected from the 

group consisting of an antibacterial agent, antifungal agent, an antiviral agent, an anti-

inflammatory agent, and an anti-allergic agent, and combinations thereof. 

 
 

 


