MEROPENEM/VABORBACTAM (VabomereTM) 
The Medicines Company


Background Information

Carbapenemase-resistant Enterobacteriaceae (CRE) have been deemed an urgent global threat by the Centers for Disease Control (CDC) and one of the three critical pathogens in need of new antimicrobial options by the World Health Organization (WHO). Klebsiella pneumoniae carbapenemase (KPC) is responsible for the rapid spread of CRE across the United States.  Although non-susceptibility of Enterobacteriaceae to carbapenems is acquired through multiple resistance mechanisms, carbapenemase production is currently the most concerning mechanism of resistance. Historically, rates of mortality in patients with invasive infections caused by CRE were reported in up to 70% of patients. Antimicrobial options to manage infections caused by CRE are limited as isolates are resistant to the majority of beta-lactams; remaining treatment options are less than desirable due to unacceptable toxicities (e.g., colistin-induced nephrotoxicity, aminoglycoside-induced nephrotoxicity) and/or suboptimal plasma concentrations (e.g., tigecycline, polymyxins). Although several investigators have studied the effects of various combination therapies and have shown that carbapenem-containing combinations therapy leads to superior outcomes than monotherapy, mortality rates were still high (>30%). Additionally, renal toxicity with the most common agent used in combination, polymyxins, exceed 50% of treated patients. These data highlight the need for new antimicrobials with activity against CRE.     

Description7,8

Meropenem/vaborbactam is a novel, fixed-dose combination product of a carbapenem antibiotic and a cyclic boronic acid β-lactamase inhibitor with potent in vitro activity against CRE mediated by KPC production.

Meropenem is a broad-spectrum antibiotic that elicits its therapeutic response in bacteria by binding to several penicillin-binding proteins, rendering them incapable of performing the transpeptidation step of bacterial cell-wall synthesis. This, in-turn, arrests cell wall assembly, leading to cell lyses due to cell-wall autolytic enzymes.

Vaborbactam restores the activity of meropenem by inhibiting the activity of serine β-lactamases. The boron atom of vaborbactam forms a covalent bond with the catalytic serine side chain of enzymes, mimicking the tetrahedral transition state on the acylation or deacylation reaction pathway seen in β-lactam hydrolysis. Further, the interactions between vaborbactam and β-lactamases are reversible such that vaborbactam acts as a competitive inhibitor.

Indications for Use8-10 

FDA-Labeled: Treatment of complicated urinary tract infections (cUTIs) in adults (ages 18 years and older) in infections proven or strongly suspected to be caused by susceptible bacteria including Escherichia coli, Klebsiella pneumoniae, Enterococcus faecalis, Proteus mirabilis, Enterobacter cloacae species complex and Pseudomonas aerguinosa. 

Unlabeled:  Treatment of gram-negative infections including those due to CRE with documented susceptibility to meropenem/vaborbactam in patients with limited therapeutic options. 

Microbiology2,10-12

Antimicrobial Activity

Vaborbactam does not possess antimicrobial activity, rather potentiates the activity of meropenem against serine carbapenemase-producing Enterobacteriaceae with particular potency against Klebsiella pneumoniae carbapenemase (KPC). When the activity of meropenem-vaborbactam was stratified by commonly seen KPC variants, no notable differences were identified. The MIC50 and MIC90 of organisms producing KPC-2 (n= 610) and KPC-3 (n= 373) were 0.06 µg/mL and 1 µg/mL and 0.12 µg/mL and 1 µg/mL, respectively, similar to the MIC50 and MIC90 identified when MICs for all KPC-producers were examined (as displayed in the table below). Meropenem alone demonstrates activity against Enterobacteriaceae in the presence of extended spectrum beta lactamases (ESBLs) and beta-lactamases from TEM, SHV, and CTX-M; thus, meropenem-vaborbactam is expected to have potent in vitro activity against organisms that produce these enzymes. Although robust analyses have not yet been published, meropenem-vaborbactam also has activity against organisms producing Ambler class C β-lactamases (exm AmpC), which can largely be attributed to the inherent stability of meropenem to these types of β-lactamases. Further, meropenem-vaborbactam has activity against non-fermenting gram-negative bacilli such as Pseudomonas aeruginosa and Acinetobacter spp, it appears to be similar to that of meropenem alone, as the addition of vaborbactam does not significantly potentiate meropenem activity against these organisms. The in vitro activity of meropenem-vaborbactam against gram-positive bacteria and anaerobes would be expected to be similar to that of meropenem. 

Mechanism of Resistance

Although vaborbactam restores the activity of meropenem against class A carbapenemases, there are notable gaps in the spectrum of β-lactamase inhibition, including Ambler class B and class D enzymes.  Thus, the activity of meropenem-vaborbactam would not be expected to differ from that of meropenem alone in the presence of MBL and/or oxacillinase producers. Unlike ceftazidime-avibactam (a newer agent with activity against CRE) resistance, which has been attributed to mutations in the KPC gene, no mutations in the KPC enzyme have been identified to date that result in the decreased activity of meropenem-vaborbactam. Decreased activity of meropenem-vaborbactam has been observed against strains with mutations leading to the inactivation of ompK35 and ompK36, outer membrane porins. 

Comparative In Vitro Susceptibility of Gram-negative Organisms with Varying Resistance to Meropenem and Meropenem-Vaborbactam 

	Organism
	Sample Size
	Meropenem
	Meropenem-Vaborbactam

	
	
	MIC50
	MIC90
	MIC Range
	MIC50
	MIC90
	MIC Range

	KPC producers

	All Enterobacteriaceae
	991
	32
	>32
	2 - >32
	0.06
	1
	≤0.03 - >32

	Klebsiella pneumoniae
	878
	>32
	>32
	2 - >32
	0.12
	1
	≤0.03 - >32

	Escherichia coli
	35
	4
	16
	2 – 32
	≤0.03
	≤0.03
	≤0.03 – 0.12

	Enterobacter spp.
	29
	8
	>32
	2 - >32
	≤0.03
	0.12
	≤0.03 – 0.12

	Klebsiella oxytoca
	19
	4
	32
	2 – 32
	≤0.03
	0.25
	≤0.03 – 0.25

	Serratia marcescens
	16
	16
	>32
	2 - >32
	0.06
	1
	≤0.03 – 2

	Citrobacter spp
	13
	4
	8
	2 -32
	≤0.03
	0.06
	≤0.03 – 0.12

	Non-KPC Producing Carbapenem-resistant Enterobacteriaceae 
	129
	8
	>32
	0.25 - >32
	4
	>32
	≤0.015 – >32

	OXA-48-like-producers
	25
	16
	>32
	0.5 - >32
	16
	>32
	0.5 - >32

	MBL producers
	41
	32
	>32
	1 – >32
	32
	>32
	1 – >32

	Pseudomonas aeruginosa
	2,604
	0.5
	8
	≤0.015 – >32
	0.5
	8
	≤0.015 – >32

	Acinetobacter spp.
	708
	ND
	ND
	ND
	32
	>32
	0.03 - >32

	Stenotrophomonas maltophilia 
	353
	ND
	ND
	ND
	>32
	>32
	≤0.015 - >32



Susceptibility Interpretive Criteria for Meropenem/Vaborbactam

	Pathogen
	Minimum Inhibitory Concentration 
(MIC, mg/mL)
	Disk Diffusion Zone Diameter (mm)

	
	S
	I
	R
	S
	I
	R

	Enterobacteriaceae
	< 4/8
	8/8
	>16/8
	>17
	14-16
	<13




Pharmacokinetics10,13

	
	Meropenem
	Vaborbactam

	Absorption
Cmax (mg/L) 
AUC-steady state (mg-hour/L)
	
57.3
650
	
71.3
835

	Distribution
Protein binding
Vd-steady state (L)
	
2%
20.2
	
33%
18.6

	Metabolism
	Hydrolysis to inactive metabolite
	Not metabolized

	Elimination
t ½
	
2.30 hours
Kidney (inactive metabolite ~28% of dose)
	
2.25 hours
Kidney (75-95% excreted unchanged


*mean population pharmacokinetic data (n=295; inclusive of 35 patients dose-adjusted for renal function) administered 2 gram IV q 8 hours (unless dose-adjusted), 3-hour infusions

Both meropenem and vaborbactam are removed by hemodialysis as evidenced by the mean 2.21-fold and 5.11-fold increase in total plasma clearance in patients receiving hemodialysis, respectively. The median percentage of the dose recovered in dialysate during the hemodialysis session was 38.3% and 52.9% for meropenem and vaborbactam, respectively.

Adverse Reactions8-10

In clinical trial data, meropenem/vaborbactam appears to be well tolerated with adverse reactions occurring at similar rates to comparator therapy. Rates of discontinuation due adverse effects were comparable between meropenem/vaborbactam (3.4%) versus comparator therapy (5.5%) and no treatment related deaths were reported in pooled date from Phase 3 trials. 

	Adverse Reactions Occurring in > 1% of Phase 3 Clinical Trial Participants (Pooled Data)


	Adverse Reaction
	Meropenem/Vaborbactam (n=295)

	Comparators* (n=289)


	Any adverse reaction
	42.7
	38.4

	Headache
	8.8
	4.2

	Diarrhea
	4.1
	5.2

	Infusion site (phlebitis, thrombosis, erythema
	3.7
	0.7

	Hypersensitivity ranging from urticaria to infusion-related to anaphylaxis
	2.7
	2.1

	Nausea
	2.0
	1.7


	Elevated alanine aminotransferase
	1.7
	0.3

	Elevated aspartate aminotransferase
	1.4
	0.7

	Pyrexia
	1.4
	0.7

	Vomiting
	1.4
	0.7


*comparators include piperacillin/tazobactam (273/289) or best available therapy (16/289) including monotherapy with or combination of the following:  carbapenem (ertapenem, imipenem, meropenem) tigecycline, colistin, aminoglycoside (amikacin, tobramycin or gentamicin), polymyxin B and ceftazidime/avibactam.


Contraindications8
Contraindications:  known history of serious reactions to either component as well as other beta-lactam antimicrobials.


Warnings/Precautions8
Hypersensitivity reactions

Seizures, CNS reactions have been previously reported with the carbapenem class and most commonly associated in patient with history of seizures, brain lesions, bacterial meningitis and/or impaired renal functions.

As with most antimicrobials, the potential for Clostridium difficile infections (CDI) is present with meropenem/vaborbactam. 



Drug Interactions7,8,13

Vaborbactam has not been demonstrate to inhibit or induce CYP450 isoenzyme; has no effect on hepatic and renal transporters (e.g., P-gp, BCRP, OAT1, OAT3) and is not a substrate for these transporters.
No interactions were reported with vaborbactam.

Meropenem is a substrate of OAT1 and OAT3 and, thus, probenecid competes with meropenem for active tubular secretion. This results in increased plasma levels of meropenem. Co-administration is not recommended.

Co-administration of valproic acid with carbapenems has shown to decrease plasma levels of valproic acid. Exact mechanism is not known. If co-administration is necessary, consider alternate anti-seizure medications.


Medication Safety7,8

	REMS (Risk Evaluation Mitigation Strategy) Requirement
	None

	Pregnancy/Lactation
	Meropenem:  Category B (animal safety data); excreted in human milk
Vaborbactam:  animal safety data/excreted in breast milk
Meropenem/vaborbactam:  No definitive data in pregnant humans and/or breast fed child; risk v. benefit decision.

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	Carbapenems have been associated with CNS effects upon accumulation in the body. Caution should be used in patients with concurrent CNS disorders and dosages should be adjusted in renal dysfunction.  

Look Alike Sound Alike Medications:
meropenem/ertapenem/imipenem/metroNIDAZOLE
Vabomere™/Venofer™

4-hour stability at room temperature once diluted for infusion

	Hazardous Risk Assessment
	Not hazardous

	Extravasation Potential
	Not reported

	Latex
	No

	Do Not Crush
	Not applicable

	Electronic Health Record (EHR) Safety Assessment
	Utilize generic names to clarify dosing of each component:  meropenem 2 grams/ vaborbactam 2 grams = Vabomere™ 4 grams.

Restricted criteria for use (CRE infections) AND approval by ID/Antimicrobial Stewardship Team.

Renal dosing guidelines

Drug interaction alerts with concomitant valproic acid and/or probenecid.

	Miscellaneous Safety Concerns
	Dosing nomenclature:  assuring institutional guidelines and formulary listing are consistent with dosing selections in the EHR.  

Following dilution with normal saline, stable x 4 hours at room temperature.  Given 3-hour infusion, prompt preparation and administration required.  




Study Results (Refer to Clinical Studies Table)  

Two randomized clinical trials, TANGO (Targeting Antibiotic Non-susceptible Gram-Negative Organisms) I and TANGO II, have been conducted evaluating comparative efficacy and safety of meropenem/vaborbactam versus piperacillin/tazobactam in cUTI and AP (TANGO 1) as well as comparative efficacy of meropenem/vaborbactam versus best available therapy including ceftazidime/avibactam in CRE infections (TANGO II). 

TANGO I:
TANGO I is a randomized, double-blind, comparative trial conducted in 550 patients to assess the efficacy, safety, and tolerability of meropenem/vaborbactam against piperacillin/tazobactam in patients with complicated urinary tract infections (cUTI) and acute pyelonephritis (AP).  Patients were randomized to receive piperacillin/tazobactam 4g/0.5 g every 8 hours or meropenem/vaborbactam 2g/2 g every 8 hours. The primary endpoint was overall success, defined as clinical cure and microbiologic outcome of eradication (bacterial count reduced by < 104 CFU/mL), at the end of intravenous therapy (EOIVT). Out of the initial 550 patients admitted into the trial, 374 patients were part of the microbiologic modified intent to treat (m-MITT) cohort. A total of 192 patients received meropenem/vaborbactam and 182 patients received piperacillin/tazobactam in the m-MITT cohort. Overall success was seen in 188 patients in the meropenem/vaborbactam arm (98.4%) compared to 171 patients in the piperacillin/tazobactam arm (94.0%). This 4.5% difference was statistically significant, meeting criteria for superiority over piperacillin/tazobactam in the treatment of cUTI and AP with respect to overall success.  Meropenem/vaborbactam was deemed non-inferior relative to microbiologic evaluable populations at the test of cure visit.

Secondary outcomes include pharmacokinetic profiling, safety and tolerability, and per-pathogen outcome for meropenem/vaborbactam. There was no difference in safety and tolerability compared to piperacillin/tazobactam9. 

TANGO II (unpublished):
TANGO II is an open-label, randomized, multi-center trial evaluating meropenem/vaborbactam versus best available therapy in adult patients with serious CRE infections.  CRE infections include cUTI, AP, complicated intra-abdominal infections, healthcare- and ventilator- associated bacterial pneumonias and bacteremia.  Patients were randomized (2:1) to receive meropenem/vaborbactam 2 gm/2gm IV every 8 hours (3-hour infusion) versus any of the following, defined as best available therapy (BAT), as monotherapy or in combination:  carbapenem, aminoglycoside, colistin, polymyxin B, tigecycline or ceftazidime/avibactam (monotherapy only) for 7-14 days. Patients with infection due to pathogens known to be harboring NDM, VIM, IMI, or OXA carbapenemases were excluded. The primary efficacy endpoint was clinical cure defined as complete resolution of signs and symptoms of infection where no further antimicrobial therapy was warranted. Although the results of TANGO II are not yet published, preliminary data were presented at a scientific conference. A total of 72 patients were enrolled including 50 (69%) who were infected with a gram-negative organism and 43 (60%) with CRE. More patients receiving meropenem-vaborbactam (n=28), compared to patients receiving BAT (n=15), for the treatment of CRE infections achieved a clinical cure at the end of therapy (64.3% vs. 33.3%, p =0.04) and test-of-cure visit (57.1% vs. 26.7%, p = 0.04) respectively. 28-day mortality was statistically similar in the patients receiving meropenem-vaborbactam as compared to those receiving BAT (17.9% vs. 33.3%, p=0.3), however this study was underpowered to detect a difference in mortality. 

Dosage and Administration8

	eGFR
(mL/min/ 1.73m2)
	Recommended Dose for Meropenem-vaborbactama 

	>50
	2000 mg-2000 mg every 8 hours

	30-49
	1000 mg-1000 mg every 8 hours

	15-29
	1000 mg-1000 mg every 12 hours

	<15
	500 mg-500 mg every 12 hours


eGFR (mL/min/1.73m2) = 175 x (serum creatinine)-1.154 x (age)-0.203x (0.742 if female) x (1.212 if African American)

Further dilute reconstituted vials in normal saline solution for administration over 3 hours.  Infusion solutions of meropenem/vaborbactam in normal saline are stable for four hours at room temperature or 22 hours when refrigerated (36 – 46 degrees Fahrenheit). 

Dosing in Special Populations8
Renal impairment:  	clearance of both entities is a function of creatinine clearance (dose as above)
Hepatic impairment:  	dosage adjustment not required
Pediatrics:  		no data in patients < 18 years of age
Elderly:  		age-related adjustments in creatinine clearance as above


Available Dosage Forms
Meropenem 1 gram / vaborbactam 1 gram, single dose vials, dry powder requiring reconstitution


[bookmark: _GoBack]Financial Analysis 

	Antibiotic
	Adult dosing for CRE*
	GPO Cost/Dose
	GPO Cost/Day
	GPO Cost/Regimen (7-14 days)

	Ceftazidime/avibactam
	2.5 g Q8H, infuse over 4 hours
	$301.31 
	$903.93 
	$6,328 - $12,655

	Meropenem/vaborbactam
	4 g Q8H, infuse over 3 hours
	$302.06
	$906.18
	$6343 - $12,687




Recommendation

Meropenem/vaborbactam is a new novel beta-lactam/beta-lactamase inhibitor combination with activity against KPC-producing CRE. Based on the data presented above (including both microbiological and clinical data), meropenem/vaborbactam should be added to the inpatient formulary. Our recommendation is to use meropenem/vaborbactam as the preferred treatment for infections caused by KPC-producing CRE. 

Meropenem/vaborbactam should be added to the inpatient formulary as a Tier I restricted antimicrobial. The following restrictions should be in place:
· Page 30780 for approval during the hours of 7AM – 11PM. Infectious diseases consultation is strongly recommended for patients with infections due to KPC-producing CRE.
· Use should be restricted to highly suspected or documented extensively drug-resistant gram-negative pathogens where polymyxins, tigecycline, and aminoglycosides are the only susceptible agents (ex. KPC-producing CRE). 

Prepared by
Margo Farber, PharmD
Twisha Patel, PharmD
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Clinical Studies:  TANGO I and TANGO II

	Title / Reference/ Funding
	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion/ Comments 

	M/V versus P/T in Adults with cUTI or AP (TANGO I).

Kaye, et al 2017. 

Funded by TMC and DHHS
	R (1:1), DB, active control trial in 550 adults (> 18 years) with cUTI (including AP) stratified by infection type/region. 

Exclusion:  need for additional antimicrobial/antifungal therapy; receipt of antibiotic within 48 hours of randomization; CrCl < 30 ml/min.  
	M/V 2 gm/2gm IV over 3 hours q8h
versus
P/T 4gm/0.5 gm IV over 30 minutes q8h 

10-day total duration

Either arm switched to oral levofloxacin (500 mg q24h) after 15 or more doses if pre-specified criteria met.
	Primary outcome (FDA):  overall success (clinical cure and microbial eradication composite at EOIVT in the m-MITT population).

Primary outcome (EMA):  microbial eradication (baseline pathogens< 103 CFU/ml urine) at TOC visit in m-MITT and ME populations.  

Pre-specified non-inferiority margin:  15%


	Primary outcomes
m-MITT - 
OS 189/192 (98.4%) M/V
OS 171/182 (94.0%) P/T

95% CI of difference: 0.7-9.1, p=0.0225 at EOIVT

In m-MITT – 
ME 128/192 (66.7%) M/V
ME 105/182 (57.7%) P/T
at TOC.
95% CI difference:  9.0% (-0.9, 18.7)

In ME – 
ME 118/178 (66.3%) M/V
P/T 102/169 (60.4%) P/T
95% CI difference:  5.9% (-4.2, 16.0)

	AEs reported in 106/272 (39.0%) M/V and 97/273 (35.5%) P/T deemed similar in both treatment arms as were drug-related AEs (15.1% v. 12.8%), severe AEs (2.6% v. 4.8%), AEs leading to discontinuation (2.6% v. 5.1%)


	Statistical superiority and non-inferiority observed for M/V versus P/T for OS at EOIVT (m-MITT).

Non-inferiority observed for ME at TOC for both m-MITT and ME. 

	M/V versus BAT in the Treatment of Adults w/Selected Serious Infection Due CRE (Tango II) 

Kaye, et al 2017.

Presented at IDWeek 2017
	Phase 3, Multi-center, R (2:1), M/V (n=47) v. BAT (n=25) open-label, active comparator trial in adults with known or suspsected CRE with cUTI or AP, cIAI, HABP, VABP, or bacteremia.

	M/V (2gm-2gm IV q8h infused over 3 hours v. BAT (combination or monotherapy with carbapenem, aminoglycoside, colistin, polymyxin B, tigecycline OR monotherapy only with C/A)

Duration:  7-14 days

	Overall success rate (CFU/ml) by timepoint (EOT and TOC) for cUTI/AP

Day 28 all-cause mortality for combined HABP/VABP and bacteremia

Subgroup analyses:  Immuno-compromised; CCI  4; SIRS; age > 75 years; renal insufficiency

Adverse effects; Kidney Injury; Death; Discontinuation

	Day 28 all-cause mortality for combined HABP/VABP:  M/V 25.0% (n=16) v. BAT 44.4% (n=4); absolute percent difference:  -19.4%; relative percent difference:  -43.7%.
Kaplan-Meier Estimate (95% CI):  M/V 25.0% (10.2% to 53.7%) v. BAT 44.4% (19.5% to 79.6%).

Overall success rate for cUTI/AP by timepoint.  EOT:  M/V 72.7% (n=11) v BAT 50.0% (n=4); absolute percent difference:  22.7%; relative percent difference:  45.4%.  
TOC:  M/V 42.9% (n=7) v. BAT 50% (n=4); absolute treatment difference -7.1%; relative percent difference -14.0%
	M/V (n=45) v BAT n=25:
TEAEs:  84.4 v 92.0%;
Severe TEAEs:  13.3 v. 28.0%;
Life-threatening adverse events:  4.4 v 4.0%; Deaths:  22.2 v. 24.0%; Discontinuation of Study due to AE:  17.8 v. 20.0%, Serious AEs:  33.3. 44.0%.  

Adverse effects associated with M/V (> 5% subjects):  diarrhea, anemia, hypokalemia (all 11.1%); hypotension, vomiting (each 8.9%), hypomagnesemia (6.7%).
	Day 28 all-cause mortality for combined HABP/VABP and bacteremia favored the M/V group with a relative decrease by 44%

EOT success rate in cUTI/AP favored M/V, however, TOC less favorable with investigators noting that TOC data difficult to interpret due to differential missing data.



Key: AE’s:  adverse events; AP=acute pyelonephritis; BAT=Best Available Therapy; cIAI=complicated intra-abdominal infection; cUTI=complicated urinary tract infection; C/A=ceftazidime/avibactam; EMA=European Medicines Agency; EOT=end of treatment; EOIVT=end of IV treatment; FDA=Food and Drug Administration; HABP=healthcare associated bacterial pneumonia; M/V=meropenem/vaborbactam; ME=microbiologic evaluable; MITT=modified intent to treat (receipt of > 1 dose of study drug –TANGO 1); m-MITT=microbiologic modified intent to treat (MITT with > 105 CFU/ml baseline urine); OS=overall success; P/T=piperacillin/tazobactam; R=randomized; TEAEs:  treatment emergent adverse events; TMC=The Medicines Company; TOC=test of cure; VABP=ventilator associated bacterial pneumonia;




