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Executive Summary

	Plazomicin (ZemdriTM)

	Requestor: Antimicrobial Subcommittee

	Recommendation:
	☐ Formulary
	☐ Formulary with restrictions
	☒Non-Formulary




	Restrictions: N/A

	Description:
Plazomicin (ZemdriTM) is an aminoglycoside antibiotic that inhibits bacterial protein synthesis and is used to treat complicated urinary tract infections caused susceptible organisms in patients with limited or no alternative treatment options.


	FDA-Labeled Indications:
Indicated in patients 18 years of age or older for the treatment of complicated urinary tract infections (cUTI), including pyelonephritis, caused by the following susceptible microorganism(s): Escherichia coli, Klebsiella pneumonia, Proteus mirabilis, and Enterobacter cloacae. 


	Clinical Effectiveness:
For complicated urinary tract infection including acute pyelonephritis, when compared to meropenem:
· Non-inferior composite cure at day 5 (difference, –3.4%; 95% confidence interval [CI], –10.0 to 3.1)
· Non-inferior composite cure at the test-of-cure visit (difference, 11.6%; 95% CI, 2.7 to 20.3)

	Significant Safety Concerns:
· Black box warnings: nephrotoxicity, ototoxicity, neuromuscular blockade, fetal harm

	Usual Dosage:
· 15 mg/kg every 24 hours (CrCl >60 mL//min)
· 10 mg/kg every 24 hour (CrCl 30-59 mL/min)
· 10 mg/kg every 48 hours (CrCl 15-29 mL/min)

	Cost:
	Medication
	UMHS Cost
	340B Cost
	UMHS Cost/Day
	340B Cost/Day

	Plazomicin injection 500 mg/10 mL single dose vial
	$315.00
	$233.37
	$945.00
	$700.11

	Ceftazidime/avibactam (Avycaz®) 2.5 g single dose vial
	$347.51
	$347.69
	$1,042.53
	$1,043.07

	Meropenem/vaborbactam (VabomereTM) 2 g single dose vial
	$155.55
	$116.73
	$933.30
	$700.38




	Conclusions:
Despite having enhanced activity against CRE, other newer antimicrobials (meropenem/vaborbactam, imipenem/relabactam, and ceftazidime/avibactam) should be considered prior to plazomicin.  Plazomicin does not offer any advantages over other aminoglycosides for the treatment of non-fermenting gram-negative organisms, such as Pseudomonas or Acinetobacter. The recommendation is to deny formulary addition at this time, given other available options and toxicity profile.


	Reviewed/Endorsed by:
Antimicrobial Subcommittee





Plazomicin (Zemdri TM/Achaogen Inc.) 

Description1-3
Plazomicin is a next-generation, semi-synthetic aminoglycoside derived from sisomicin. It exhibits antibacterial activity by inhibition of protein synthesis, specifically by binding to the 16S RNA of the bacterial 30S ribosomal subunit. Though in the same structural and mechanistic class as amikacin, gentamicin, and tobramycin, plazomicin was developed to resist alteration by aminoglycoside modifying enzymes (AMEs).

Antimicrobial Activity  
	Shown active in vitro and in clinical infections
	Shown active in vitro but clinical significance unknown

	Aerobic Gram-negative bacteria
· Escherichia coli
· Klebsiella pneumonia
· Proteus mirabilis
· Enterobacter cloacae

	Gram-negative bacteria
· Citrobacter freundii
· Citrobacter koseri
· Enterobacter aerogenes
· Klebsiella oxytoca
· Morganella morganii
· Proteus vulgaris
· Providencia stuartii
· Serratia marcescens



Indications for Use1
Indicated in patients 18 years of age or older for the treatment of complicated urinary tract infections (cUTI), including pyelonephritis, caused by the following susceptible microorganism(s): Escherichia coli, Klebsiella pneumonia, Proteus mirabilis, and Enterobacter cloacae.

Pharmacokinetics1
	
	Healthy Adults
Mean (±SD)
	cUTI Patients
Mean (±SD)

	Distribution
	AUC = 257 (±67) mcg·h/mL
Cmax = 73.7 (±19.7) mcg·h/mL
Cmin = 0.3 (±0.2) mcg·h/mL
	AUC = 226 (±113) mcg·h/mL
Cmax = 51 (±26.7) mcg·h/mL
Cmin = 0.5 (±1.2) mcg·h/mL

	
	Volume of distribution = 17.9 (±4.8) L
Protein binding = 20%
	Volume of distribution = 30.8 (±12.1) L
Protein binding = 20%

	Metabolism
	Minimal
	Minimal

	Excretion
	Total body clearance = 4.5 (±0.9) L/h
Half-life = 3.5 (±0.5) h
97.5% renally excreted
	Total body clearance = 5.1 (±2.01) L/h
-



Adverse Reactions1
Incidence of Adverse Reactions Occurring in ≥1% cUTI Adult Patients Treated with Plazomicin in Phase 3 Trial (EPIC):

	Adverse Reaction
	Plazomicin (N=303) n (%)
	Meropenem (N=301) n (%)

	Decreased renal function
	11 (3.6)
	4 (1.3)

	Diarrhea
	7 (2.3)
	5 (1.7)

	Hypertension
	7 (2.3)
	7 (2.3)

	Headache
	4 (1.3)
	9 (3.0)

	Nausea
	4 (1.3)
	4 (1.3)

	Vomiting
	4 (1.3)
	3 (1.0)

	Hypotension
	3 (1.0)
	2 (0.7)




Drug Interactions1
Significant drug interactions have not been identified. Risk of nephrotoxicity is greater in patients receiving concomitant nephrotoxic medications.

Medication Safety1
	REMS (Risk Evaluation Mitigation Strategy) Requirement
	None

	[bookmark: _Hlk41911902]Pregnancy/Lactation/Reproductive Risk
	Aminoglycosides can cause fetal harm when administered to a pregnant woman. There are no available data on the use of plazomicin in pregnant women to inform a drug-associated risk of adverse development outcomes.

	Black Box Warning
	Nephrotoxicity, ototoxicity, neuromuscular blockade, and fetal harm

	ISMP Medication Safety Concerns
	None  

	Hazardous Risk Assessment
	N/A 

	Extravasation Potential
	Not reported

	Latex
	No

	Do Not Crush
	N/A

	Electronic Health Record Safety Assessment
	Requires renal dose adjustments (see Dosage and Administration).
Black box warnings for nephrotoxicity, ototoxicity, neuromuscular blockade and fetal harm.

	Miscellaneous Safety Concerns
	Therapeutic drug monitoring is recommended for cUTI patients with CrCl < 90 mL/min to avoid toxicity.  
Reserve for use in patients who have limited or no alternative treatment options with infections that are proven or strongly suspected to be caused by susceptible microorganisms.



Study Results  
Plazomicin approval followed the results of two comparator-controlled clinical trials. EPIC was a randomized, double-blind, comparator-controlled noninferiority trial that evaluated the efficacy and safety of plazomicin when compared to meropenem in 609 hospitalized adults with cUTI, including acute pyelonephritis (AP).4,5 Patients were randomized to plazomicin 15 mg/kg IV once daily (N=303) or meropenem 1 g IV every 8 hours (N=301) with option for oral step-down therapy after a minimum of 4 days and maximum of 7 days of IV therapy (total 7-10 days of treatment). The primary endpoint was the composite cure rates in the microbiologically modified intent-to-treat population at Day 5 and test of cure visit 15-19 days after start of therapy with a noninferiority margin of 15%. The microbiologically modified intent-to-treat (mMITT) cohort consisted of 388 treated patients with a qualifying uropathogen susceptible to plazomicin and meropenem. The day 5 composite cure in the mMITT cohorts was 168/191 (88%) in the plazomicin group and 180/197 (91.4%) in the meropenem group (95% confidence interval (CI) -10.0 to 3.1). Test of cure (TOC) composite cure in the mMITT was 156/191 (81.7%) in the plazomicin group and 138/197 (70.1%) in the meropenem group (95% CI 2.7 to 20.3). 

CARE was an open-label, randomized trial comprising two cohorts: Cohort 1 studied the efficacy and safety of plazomicin compared to colistin (each with meropenem or tigecycline adjunctive therapy).6 Cohort 2 was an observational, single-arm cohort evaluating plazomicin therapy in patients with infections due to carbapenem-resistant Enterobacteriaceae (CRE) who were not eligible for Cohort 1. Results of this study demonstrate plazomicin improved mortality and was associated with lower nephrotoxicity compared to colistin. However, this trial was underpowered, and rigor of the study design was questioned, leading to FDA rejection of plazomicin for bloodstream infections.
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FDA breakpoint for Plazomicin
	
	MIC (mcg/mL)
	Disk Diffusion (zone in mm)

	Pathogens
	S
	I
	R
	S
	I
	R

	Enterobacteriaceae
	2
	4
	≥8
	≥16
	14-15
	≤13



In Vitro Susceptibility Studies7
Table 1: Activities of plazomicin and comparator agents tested against Enterobacteriaceae isolates (no. of isolates, 4,362)
	Antimicrobial agent
	MIC50 (μg/mL)
	MIC90 (μg/mL)
	MIC range (μg/mL)

	Plazomicin 
	0.5
	2
	≤0.06–>128

	Amikacin
	1
	4
	≤0.25–>32

	Gentamicin
	0.5
	4
	≤0.06–>8

	Tobramycin
	0.5
	4
	≤0.12–>8

	Ceftazidime
	0.12
	16
	≤0.015–>32

	Meropenem
	0.03
	0.06
	≤0.015–>32

	Piperacillin-tazobactam
	2
	16
	≤0.5–>64

	Colistin
	≤0.5
	>8
	≤0.5–>8

	Tigecycline
	0.25
	1
	≤0.06–4

	Levofloxacin
	≤0.12
	>4
	≤0.12–>4


Table 2: CRE (no. of isolates, 97)
	Antimicrobial agent
	MIC50 (μg/mL)
	MIC90 (μg/mL)
	MIC range (μg/mL)

	Plazomicin 
	0.5
	1
	≤0.06–>128

	Amikacin
	16
	32
	0.5–>32

	Gentamicin
	2
	>8
	0.12–>32

	Tobramycin
	>8
	>8
	≤0.12–>8

	Ceftazidime
	>32
	>32
	16–>32

	Meropenem
	16
	>32
	1–>32

	Piperacillin-tazobactam
	>64
	>64
	32–>64

	Colistin
	≤0.5
	>8
	≤0.5–>8

	Tigecycline
	0.5
	1
	0.12–2

	Levofloxacin
	>4
	>4
	≤0.12–>4


Table 3: Isolates carrying blaKPC genes (no. of isolates, 87)
	Antimicrobial agent
	MIC50 (μg/mL)
	MIC90 (μg/mL)
	MIC range (μg/mL)

	Plazomicin 
	0.25
	1
	≤0.06–>128

	Amikacin
	16
	32
	0.5–>32

	Gentamicin
	4
	>8
	0.12–>32

	Tobramycin
	>8
	>8
	≤0.12–>8

	Ceftazidime
	>32
	>32
	4–>32

	Meropenem
	16
	>32
	0.5–>32

	Piperacillin-tazobactam
	>64
	>64
	64–>64

	Colistin
	≤0.5
	>8
	≤0.5–>8

	Tigecycline
	0.5
	1
	0.12–2

	Levofloxacin
	>4
	>4
	≤0.12–>4


Carbapenemase-negative isolates (no. of isolates, 26)
	Antimicrobial agent
	MIC50 (μg/mL)
	MIC90 (μg/mL)
	MIC range (μg/mL)

	Plazomicin 
	0.5
	1
	0.12-2  

	Amikacin
	4
	16
	0.5–>32

	Gentamicin
	1
	>8
	0.25–>8

	Tobramycin
	2
	>8
	0.25–>8

	Ceftazidime
	>32
	>32
	0.25–>32

	Meropenem
	2
	32
	0.03–32

	Piperacillin-tazobactam
	>64
	>64
	1–>64

	Colistin
	≤0.5
	>8
	≤0.5–>8

	Tigecycline
	0.5
	2
	0.06–2

	Levofloxacin
	2
	>4
	≤0.12–>4


National Guidelines
No national guidelines exist for the treatment of cUTIs.

Dosage and Administration1
	Estimated CrCl (mL/min)
	Recommended Dose
	Dosing interval

	>60
	15 mg/kg
	Every 24 hours

	30-59
	10 mg/kg 
	Every 24 hours

	15-29
	10 mg/kg
	Every 48 hours


· Calculate dosage using total body weight (TBW). If TBW is greater than ideal body weight by 25% or more, use adjusted body weight
· Insufficient information to recommend a dosage regimen when CrCl <15 mL/min or on renal replacement therapy
· Administer by intravenous infusion over 30 minutes
· Safety and effectiveness in patients < 18 years of age not established
Available Dosage Forms/Cost
	Medication
	UMHS Cost/Vial
	340B Cost/Vial
	Usual Dose
	UMHS Cost/Day
	340B Cost/Day

	[bookmark: _Hlk41993044]Plazomicin (ZemdriTM) injection 500 mg/10 mL single dose vial
	$315.00
	$233.37
	1,125 mg daily*
	$945.00
	$700.11

	[bookmark: _Hlk42006967]Ceftazidime/avibactam (Avycaz®) 2.5 g single dose vial
	$347.51
	$347.69
	2 g every 8 hours
	$1,042.53
	$1,043.07

	Meropenem/vaborbactam (VabomereTM) 2 g single dose vial
	$155.55
	$116.73
	4 g every 8 hours
	$933.30
	$700.38


*based on a 75 kg patient

Recommendation
Plazomicin is an aminoglycoside with enhanced activity that covers most carbapenem-resistant Enterobacteriaceae. First-line treatment of multi-drug resistant gram-negative infections should include beta-lactam therapy, (ceftolazone/tazobactam, ceftazidime/avibactam, meropenem/vaborbactam, imipenem/relabactam).  The adverse effect profile of plazomicin appears to be similar to other aminoglycosides. 

The antimicrobial subcommittee does not recommend the addition of plazomicin to formulary at this time, given the recent availability of other agents with activity against multi-drug resistant gram-negative pathogens, toxicity profile similar to other aminoglycosides, and limited clinical data for life threatening infections.
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Table 1: Clinical Studies of Plazomicin for the Treatment of Complicated UTI/Acute Pyelonephritis

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

	EPIC

Wagenlehner et al.

Funded by Achaogen
	R (1:1), DB, comparator-controlled noninferiority in 609 adults (388 mMITT) ≥18 years of age with cUTI/AP 


	Plazomicin 15 mg/kg IV once daily 
vs
Meropenem 1 g IV q8h 

Option for oral step-down therapy after minimum 4 days and maximum 7 days of IV therapy
	Primary outcomes: 
· Day 5 composite cure
· TOC composite cure

Secondary outcomes, per-pathogen response:
· Microbiological eradication at test-of-cure visit
	Primary outcome (Day 5)
· Plazomicin 168/191 (88%)
· Meropenem 180/197 (91.4%)
Primary outcome (TOC)
· Plazomicin 156/191 (81.7%)
· Meropenem 138/197 (70.1%)

Secondary outcome (ESBL)
· Plazomicin 42/51 (82.4%)
· Meropenem 45/60 (75%)
Uropathogens not susceptible to AG
· Plazomicin 41/52 (78.8%)
· Meropenem 35/51 (68.6%) 
	· More decreased renal function in P vs. M arm (3.6 vs. 1.3%)
· Similar rates of SCr increases of ≥0.5 (3.7% P vs. 3% M)
· More headache in M vs. P group (3% vs. 1.3%)
· Possible ototoxicity AE reported for 1 patient in each arm, resolved completely
	Plazomicin was noninferior to meropenem for the treatment of complicated
UTIs and acute pyelonephritis.


	Phase 2 plazomicin compared with levofloxacin

Connolly et al.

Funded by Achaogen

	R (1:1:1), DB, comparator-controlled trial in 145 patients with cUTI/AP 


	Plazomicin 10 mg/kg 
vs
Plazomicin 15 mg/kg
vs 
Levofloxacin 750 mg


	Coprimary outcomes: 
Microbiological eradication at TOC 5-12 days after last dose in ITT and ME populations 
	MITT # (%) w/ eradication
· Plazo 10 mg/kg 6/12 (50)
· Plazo 15 mg/kg 31/51 (60.8)
· Levofloxacin 17/29 (58.6)

ME # (%) with eradication
· Plazo 10 mg/kg 6/7 (85.7%)
· Plazo 15 mg/kg 31/35 (88.6)
· Levofloxacin 17/21 (81.0%)

MITT # (%) of patients cured
· Plazo 10 mg/kg 8/12 (66.7%)
· Plazo 15 mg/kg 36/51 (70.6%)
· Levofloxacin 19/29 (65.5%)

ME # (%) of patients cured
· Plazo 10 mg/kg 4/7 (57.1%)
· Plazo 15 mg/kg 28/35 (80.0%)
· Levofloxacin 16/21 (76.2%) 
	# (%) of patients with any AE 
· Plazo 10 mg/kg 7 (31.8%)
· Plazo 15 mg/kg 26 (35.1%)
· Levofloxacin 21 (47.7%)

AE related to study drug 
· Plazo 10 mg/kg 2 (9.1%)
· Plazo 15 mg/kg 15 (20.3%)
· Levofloxacin 12 (27.3%)

More nausea and dizziness in 15 mg/kg group

More plazo patients with a creatinine increase of 0.5 or greater 
	Plazomicin demonstrated microbiological eradication and a safety profile supportive of further clinical studies.


Key:
R= randomized		DB= double blind		MITT = modified intent-to-treat 	ME = microbiologically evaluable					ESBL = extended-spectrum β-lactamase–producing Enterobacteriaceae		AG = aminoglycoside
Table 2: Hazardous Drug Assessment for New Drugs Reviewed for Formulary
	#
	Item
	Factors

	1.
	Dose form(s)
	Check all that apply:
x	Injectable (solution, suspension)
	Injectable powder for reconstitution
	Solid oral/buccal/sublingual (capsule, tablet/enteric coated, granule, lozenge, gum)
	Oral liquid
	Suppository
	Inhalant (gas/aerosol/solution)
	Inhalant (powder)
	Cream/ointment/gel/paste/powder (mucosal, otic, ophthalmic)
	Cream/ointment/lotion/soap/gel/patch/pad/paste/powder (topical)
	Spray/suspension/foam (mucosal)
	Spray/suspension/foam (topical)
	Irrigation solution
	Drug implant
	Other (cement, cake, disk, flake, wafer): ___________________________________

	2.
	Special formulation characteristics
	n/a

	3.
	Mechanism of action
	Inhibition of bacterial protein synthesis

	4.
	Therapeutic classification
	Aminoglycoside antibiotic

	5.
	Hazardous rating for other drugs in this classification (list)
	Non-hazardous

	6.
	Molecular size in Daltons (Da)
	592.68

	7.
	Warnings/precautions (product label)
	Nephrotoxicity, ototoxicity, neuromuscular blockade, fetal harm

	8.
	Special preparation/handling precautions/instructions (product label)
	None

	9.
	Special disposal instructions (product label)
	None

	10.
	Pregnancy category (product label)
	Can cause fetal harm when administered to pregnant women

	11.
	MSDS information
	None

	12.
	Literature reports of hazardous risk
	None



Final classification:  Not Hazardous











Table 3:  Information Needed for High Cost/Marginal Benefit Drugs
	FDA Advisory Committee (e.g. ODAC) Commentary 

	At the May 2, 2018 meeting of the FDA Antimicrobial Drug Advisory Committee, members voted 15 to 0 that the applicant provided substantial evidence of the safety and effectiveness of plazomicin for the treatment of cUTI with limited or no treatment options. However, members voted 4 to 11 that the applicant provided substantial evidence for plazomicin for the treatment of bloodstream infections due to the inadequacy of study results.

	Unmet Clinical Need

	Plazomicin shows enhanced activity against CRE but does not offer an advantage for other Gram-negative rods compared to standard tobramycin or gentamicin for Pseudomonas and Acinetobacter species.

	Predictors of Successful Drug Therapy Outcomes
	Plazomicin is recommended only in patients with limited or no alternative treatment options.

	Pharmacoeconomic Analyses.
	None

































Table 4: Drug Assessment: Plazomicin

	Efficacy Measure
	Safety Measure
	Quality/Quantity
	Consistency
	Affordability

	The extent to which an intervention is helpful in prolonging life, arresting disease progression, or reducing symptoms of a medical condition
	Assessment of the relative likelihood of side effects from an intervention with fewer side effects being scored highly
	The number and types of clinical trials relevant to a particular intervention. To determine a score, panel members may weigh the depth of the evidence, i.e., the numbers of trials that address this issue and their design. 
	The degree to which the clinical trials addressing an intervention have consistent results
	 The overall cost of an intervention including drug cost, required supportive care, infusions, toxicity monitoring, management of toxicity, probability of care being delivered in the hospital, etc. with less expensive interventions being rated more highly than more expensive ones. 

	5 (Highly effective): 
Often provides long-term survival advantage or has curative potential 
	5 (Usually no meaningful toxicity): Uncommon or minimal side effects. No interference with activities of daily living (ADLs)
	5 (High quality): 
Multiple well-designed randomized trials and/or meta-analyses 
	5 (Highly consistent): Multiple trials with similar outcomes 
	5 Very inexpensive

	4 (Very effective): Sometimes provides long-term survival advantage or has curative potential 
	4 (Occasionally toxic): Rare significant toxicities or low-grade toxicities only. Little interference with ADLs 
	4 (Good quality): Several well-designed randomized trials 

	4 (Mainly consistent): Multiple trials with some variability in outcome 

	4 Inexpensive


	3 (Moderately effective): Modest, no, or unknown impact on survival but often provides control of disease 
	3 (Mildly toxic): Mild toxicity that interferes with ADLs is common 
	3 (Average quality): Low quality randomized trials or well-designed non-randomized trials 
	3 (May be consistent): Few trials or only trials with few patients; lower quality trials whether randomized or not 
	3 Moderately expensive


	2 (Minimally effective): Modest, no, or unknown impact on survival and sometimes provides control of disease
	2 (Moderately toxic): Significant toxicities often occur; life threatening/fatal toxicity is uncommon. Interference with ADLs is usual
	2 (Low quality): Case reports or clinical experience only 

	2 (Inconsistent): Meaningful differences in direction of outcome between quality trials 

	2 Expensive


	1 (Palliative only): Provides symptomatic benefit only
	1 (Highly toxic): Usually severe, significant toxicities or life threatening/fatal toxicity often observed. Interference with ADLs is usual and/or severe 
	1 (Poor quality): Little or no evidence 
	1 (Anecdotal evidence only): Evidence in humans based upon anecdotal experience 
	1 Very expensive 


Safety Note: For significant chronic or long-term toxicities, score decreased by 1

Overall Score: 19
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