Eravacycline (XeravaTM; Tetraphase)

Description
Eravacycline is a synthetic fluorocycline antibiotic within the tetracycline class that is FDA approved for the treatment of complicated intra-abdominal infections in patients 18 years of age and older.1 It binds to the 30S ribosomal subunit and prevents the incorporation of amino acid residues into elongating peptide chains, thereby inhibiting bacterial protein synthesis.1

Eravacycline has clinical activity against the below bacteria. Its overall spectrum is similar to tigecycline, including poor activity against Proteus, Providencia, and Pseudomonas. In general, MICs for eravacycline are ~2-fold lower than those for tigecycline. 

MIC90 (mg/L)3,4
	
	Eravacycline
	Tigecycline

	E. faecalis
	0.06- 0.12
	0.25

	E. faecium
	0.06
	0.12- 0.25

	S. aureus
	0.12
	0.25

	S. anginosus
	0.03
	0.06

	E. coli (ESBL)
	0.5
	0.5

	K. pneumoniae (ESBL)
	2
	2

	K. pneumoniae (non-ESBL)
	0.5
	1

	Enterobacter spp.
	0.5
	1

	Acinetobacter 
	0.5- 2
	1-4

	B. fragilis
	1
	8

	C. perfringens
	1
	2



Susceptibility Interpretive Criteria for Eravacycline5
	
	Minimum Inhibitory Concentrations (mcg/mL)

	Pathogen
	S
	I
	R

	Enterobacteriaceae
	≤0.5
	-
	-

	Staphylococcus aureus
	≤0.06
	-
	-

	Enterococcus faecalis and
Enterococcus faecium
	≤0.06
	-
	-

	Streptococcus anginosus group
	≤0.06
	-
	-

	Anaerobes
	≤0.5
	
	



Eravacycline and tigecycline are similar agents. Tigecycline is currently on formulary as a Tier I agent (requiring pre-approval from the Antimicrobial Stewardship Team), restricted to the following scenarios:
· Treatment of gram-negative infections resistant to alternative agents, or for patient intolerance to alternative agents
· Acinetobacter or Enterobacteriaceae resistant to all beta-lactams and fluoroquinolones
· Stenotrophomonas resistant to trimethoprim/sulfamethoxazole, ceftazidime and levofloxacin
· Treatment of vancomycin-resistant enterococci infections resistant to daptomycin and linezolid, or patient intolerance to daptomycin and linezolid
· Empiric therapy for patients with significant allergies to all alternative agents
Indications for Use1
Eravacycline is indicated in adults for the treatment of complicated intra-abdominal infections caused by susceptible isolates of the following: Escherichia coli, Klebsiella pneumoniae, Citrobacter freundii, Enterobacter cloacae, Klebsiella oxytoca, Enterococcus faecalis, Enterococcus faecium, Staphylococcus aureus, Streptococcus anginosus group, Clostridium perfringens, Bacteroides species, and Parabacteroides distasonis.


Pharmacokinetics1,2
	
	Eravacycline
	Tigecycline

	Cmax (steady-state, mean)
	1.825 mg/L
	0.87 mg/L

	AUC0-24 (steady-state, mean)
	12.618 mgXhr/L
	4.7 mgXhr/L

	Distribution
	Vd = 321 L
79-90% protein bound 
	Vd = 639 L
71-89% protein bound

	Metabolism
	CYP3A4- and FMO-mediated oxidation
	Not extensively metabolized

	Elimination
	~ 34% of excreted in urine and 47% in feces as unchanged eravacycline (20% in urine and 17% in feces) and metabolites. 

T1/2 = 20 hours (mean)
	59% of the dose is eliminated by biliary/fecal excretion, and 33% is excreted in urine. Approximately 22% of the total dose is excreted as unchanged tigecycline in urine. 

T1/2 = 42 hours (mean)



Pharmacodynamics 6-7,10
	
	Eravacycline
	Tigecycline

	fAUC
	1.89 (85% PB)
	0.7 (85% PB)

	fAUC/MIC Target for Stasis*
	27.97 ± 8.29
	5.14 ± 1.64

	fAUC/MIC at MIC 0.5
	3.78
	1.4

	

	AUC
	
	4.7

	AUC/MIC CART bkpt in intra-abdominal infections
	
	6.96

	AUC/MIC at MIC 0.5
	
	9.4


*Neutropenic Murine thigh model 
** Note: The table does not represent an adequate comparison (neutropenic murine thigh model vs. clinical data in intra-abdominal infections). 

Adverse Reactions1-2
	Side Effect
	Eravacycline
	Ertapenem/Meropenem
	Tigecycline
	Vancomycin/Aztreonam, Imipenem, Levofloxacin, Linezolid

	Nausea
	6.5%
	0.6%
	26%
	13%

	Vomiting
	3.7%
	2.5%
	18%
	9%

	Infusion Site reactions
	7.7%
	1.9%
	-
	-

	Diarrhea
	2.3%
	1.5%
	12%
	11%



Drug Interactions1
Concomitant administration of eravacycline with strong CYP3A4 inducers (e.g. rifampicin, phenobarbital, carbamazepine, phenytoin, St. John’s wort) increases the rate and extent of metabolism of eravacycline to a clinically relevant extent; the dose of eravacycline should be increased by ≈ 50% (i.e. to 1.5 mg/kg) when co-administered with strong CYP3A4 inducers. Eravacycline does not impact the dosing of other agents, and no dosing adjustment is necessary in patients receiving concomitant CYP3A4 inhibitors. 

Because tetracyclines have been shown to depress plasma prothrombin activity, patients who are on anticoagulant therapy may require downward adjustment of their anticoagulant dosage





Medication Safety
	REMS (Risk Evaluation Mitigation Strategy) Requirement
	None

	Pregnancy Category
	Not assigned. Tetracyclines cross the placenta. As a class, tetracyclines accumulate in developing teeth and long tubular bones.11 Exposure during the second and third trimesters of pregnancy may cause reversible inhibition of bone growth. Permanent discoloration of teeth (yellow, gray, brown) can occur following in utero exposure and is more likely to occur following long-term or repeated exposure.

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	None

	Hazardous Risk Assessment
	None

	Extravasation Potential
	[bookmark: _GoBack]7.7% of patients reported infusion site reactions. No extravasation data available.

	Latex
	Latex-free

	Do Not Crush
	N/A

	Electronic Health Record Safety Assessment1
	In patients with severe hepatic impairment (Child Pugh C), administer 1 mg/kg every
12 hours on Day 1 followed by 1 mg/kg every 24 hours starting on Day 2 for a total
duration of 4 to 14 days. No dosage adjustment is warranted in patients with mild to moderate hepatic impairment (Child Pugh A and Child Pugh B). 
With concomitant use of a strong CYP3A inducer, administer XERAVA 1.5 mg/kg every
12 hours for a total duration of 4 to 14 days. No dosage adjustment is warranted in patients with concomitant use of a weak or moderate CYP3A inducer.

	Miscellaneous Safety Concerns
	Tier I restricted antimicrobial agent (recommended). 



Study Results1  
A total of 1,041 adults hospitalized with complicated intra-abdominal infections (cIAI) requiring operative
or percutaneous intervention were enrolled in two Phase 3, randomized, double blind, active-controlled, multinational, multicenter trials.7,8 These studies compared XERAVA (1 mg/kg intravenous every 12 hours) with either ertapenem (1 g every 24 hours) or meropenem (1 g every 8 hours) as the active comparator for 4 to 14 days of therapy. Complicated intra-abdominal infections included appendicitis, cholecystitis, diverticulitis, gastric/duodenal perforation, intra-abdominal abscess, perforation of intestine, and peritonitis.

The microbiologic intent-to-treat (micro-ITT) population, which included all patients who had at least one baseline intra-abdominal pathogen, consisted of 846 patients in the two trials. Populations in Trial 1 and Trial 2 were similar. The median age was 56 years and 56% were male. The majority of patients (95%) were from Europe; 5% were from the United States. The most common primary cIAI diagnosis was intra-abdominal abscess(es), occurring in 60% of patients. Bacteremia at baseline was present in 8% of patients.

Clinical cure was defined as complete resolution or significant improvement of signs or symptoms of the index infection at the Test of Cure (TOC) visit which occurred 25 to 31 days after randomization. Selected clinical responses were reviewed by a Surgical Adjudication Committee. Clinical cure rates at TOC were 86.8% for eravacycline vs. 87.6% for ertapenem (Difference (95% CI) -0.80 (-7.1 to 5.5)) in Trial 1 and 90.8% for eravacycline vs. 91.2% for meropenem (Difference (95% CI) -0.50 (-6.3 to 5.3)) in Trial 2. Additional details of these studies is provided below in Table 9.

Of note, two randomized, double-blind, active-controlled, clinical trials (Trial 4, NCT01978938, and Trial 5, NCT03032510) evaluated the efficacy and safety of once-daily intravenous eravacycline for the treatment of patients with complicated urinary tract infections (cUTI), compared to levofloxacin.1 Trial 4 included an optional switch from IV to oral therapy with eravacycline. The trials did not demonstrate the efficacy of XERAVA for the combined endpoints of clinical cure and microbiological success in the microbiological intent-to-treat (micro-ITT) population at the test-of-cure visit, and so eravacycline is not recommended for the treatment of cUTI.


Dosage and Administration1
	
	Eravacycline (IV)

	Dosing Regimen
	1 mg/kg Q12 hour over 60 minutes

	Concomitant use of strong inducer of CYP450
	1.5 mg/kg Q 12 hours over 60 minutes

	Hepatic Dose Adjustment
	Severe Hepatic Impairment (Child Pugh C): 1 mg/kg XERAVA every
12 hours on Day 1, then 1 mg/kg every 24 hours starting on Day 2

	Pediatrics
	No data



Available Dosage Forms / Cost
	
	WAC Cost/vial
	340B Cost/vial
	Usual Dose
	UMHS Cost/Day (70kg patient)

	Eravacycline 50 mg
	$49.00
	$33.64
	1 mg/kg Q12
	$196.00

	Tigecycline 50 mg 
	$137.90
	$39.36
	50 mg Q12
	$275.80



Recommendation
Eravacycline is a tetracycline antibiotic with a similar spectrum to tigecycline and is FDA approved for the treatment of certain complicated intra-abdominal infections. Clinical trials have demonstrated non-inferiority of eravacycline compared to ertapenem and meropenem in the treatment of complicated intra-abdominal infections, but did not demonstrate the efficacy of eravacycline in the treatment of complicated urinary tract infections. 

The recommendation is to add eravacycline to the UMHS formulary as a Tier 1 restricted antimicrobial agent (requiring pre-approval from the Antimicrobial Stewardship Team) in patients on adult service lines only. Recommended criteria for use are as follows:  
· Community-acquired, mild-moderate intra-abdominal infections who cannot tolerate formulary alternatives such as cefuroxime/metronidazole, ciprofloxacin/metronidazole, or vancomycin/aztreonam/metronidazole. Eravacycline, like tigecycline, may have a role in mixed intra-abdominal infections with VRE. Due to cost, eravacycline should be preferred to tigecycline for these indications. 
· Eravacycline should not be used for urinary tract infections. There is insufficient data supporting the efficacy of eravacycline for other infections, including more complicated intra-abdominal infections or infections due to multi-drug resistant Acinetobacter. Use tigecycline preferentially until such data supporting eravacycline emerge.
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Table 1: Clinical Studies of Eravacycline for the Treatment of Intra-Abdominal Infections7-8
	Title 
	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion 

	IGNITE1 

Funded by 
Tetraphase Pharmaceuticals
	R, DB, DD, MC, non-inferiority
Phase III

Pts with complicated intra-abdominal infections (cIAI)

cIAI included appendicitis,
cholecystitis, diverticulitis, gastric/duodenal perforation, intra-abdominal abscess, perforation of intestine, and peritonitis.
	Eravacycline: 1 mg/kg Q12 hr IV (n=220)

OR

Ertapenem 1 g IV q24hr (n=226)

A duration of therapy of 4 to 14 complete dose cycles of the assigned drug was provided at the treating physician’s discretion. 
	Clinical response at the TOC visit in the micro-ITT population

Clinical response: Clinical responses were classified as clinical cure, clinical failure, or indeterminate/missing. Clinical cure was defined as complete resolution or significant improvement of signs or symptoms of the index infection such that no additional
antibacterial therapy, surgical, or radiological intervention
was required.

TOC visit: 25-31 days after the first dose of the study drug.

Micro-ITT: Patients who received at least one dose of study drug and had a baseline pathogen
	Primary outcome:
· Eravacycline arm:
· Clinical cure: 191/220 (86.8%)
· Ertapenem arm:
· Clinical cure: 198/226 (87.6%)
· Treatment difference:
· CI: -0.80% (-7.1, 5.5)
	Nausea was recorded for 22 patients (8.1%) in the eravacycline group and 2 patients (0.7%) in the ertapenem
group, and phlebitis was recorded for 8 patients (3.0%) in the eravacycline group and 1 patient (0.4%) in the ertapenem
group.
	Eravacycline demonstrated noninferiority to
ertapenem for the treatment of patients with cIAI

	IGNITE4

Funded by 
Tetraphase Pharmaceuticals
	R, DB, DD, MC, non-inferiority
Phase III

Pts with complicated intra-abdominal infections (cIAI)

cIAI included appendicitis,
cholecystitis, diverticulitis, gastric/duodenal perforation, intra-abdominal abscess, perforation of intestine, and peritonitis.
	Eravacycline: 1 mg/kg Q12 hr IV (n=195)

OR

Meropenem 1 g IV q8hr (n=205)

A duration of therapy of 4 to 14 complete dose cycles of the assigned drug was provided at the treating physician’s discretion. 
	Clinical response at the TOC visit in the micro-ITT population

Clinical response: Clinical responses were classified as clinical cure, clinical failure, or indeterminate/missing. Clinical cure was defined as complete resolution or significant improvement of signs or symptoms of the index infection such that no additional
antibacterial therapy, surgical, or radiological intervention
was required.

TOC visit: 25-31 days after the first dose of the study drug.

Micro-ITT: Patients who received at least one dose of study drug and had a baseline pathogen
	Primary outcome:
· Eravacycline arm:
· Clinical cure: 177/195 (90.8%)
· Meropenem arm:
· Clinical cure: 187/205 (91.2%)
· Treatment difference:
· CI: -0.50% (-6.3, 5.3)

	Nausea occurred in 4.8% of eravacycline-treated patients and 0.8% of meropenem-treated patients. 

Localized infusion site reactions, including infusion site phlebitis and infusion site thrombosis, were more common in
eravacycline-treated patients compared to meropenem-treated patients in the study.
	Treatment with eravacycline was noninferior to meropenem in adult patients with cIAI


R= randomized		DB= double blind		MC= multicenter		TOC= test of cure		ITT= intention to treat        



Table 2: Hazardous Drug Assessment for New Drugs Reviewed for Formulary
	#
	Item
	Factors

	1.
	Dose form(s)
	Check all that apply:
	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
	Binds to the 30S ribosomal subunit and prevents the incorporation of amino acid residues into elongating peptide chains, thereby, inhibiting bacterial protein synthesis.

	4.
	Therapeutic classification
	Antimicrobial, Tetracycline Derivative

	5.
	Hazardous rating for other drugs in this classification (list)
	None

	6.
	Molecular size in Daltons (Da)
	631.5

	7.
	Warnings/precautions (product label)
	· Hypersensitivity Reactions: Life-threatening hypersensitivity (anaphylactic) reactions have been reported with tetracycline antibacterial drugs, including XERAVA. Avoid use in patients with known hypersensitivity to tetracyclines.
· Tooth Discoloration and Enamel Hypoplasia: The use of XERAVA during tooth development (last half of pregnancy, infancy and childhood to the age of 8 years) may cause permanent discoloration of the teeth (yellow-gray-brown) and enamel hypoplasia.
· Inhibition of Bone Growth: The use of XERAVA during the second and third trimester of pregnancy, infancy and childhood up to the age of 8 years may cause reversible inhibition of bone growth.
· Clostridium difficile-associated diarrhea: Evaluate if diarrhea occurs.

	8.
	Special preparation/handling precautions/instructions 
	None 

	9.
	Special disposal instructions (product label)
	None

	10.
	Pregnancy category (product label)
	Not assigned

	11.
	MSDS information
	None

	12.
	Literature reports of hazardous risk
	None



Final classification:  Not hazardous
Table 4: Drug Assessment: Eravacycline
	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: 20
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