Ceftolozane/Tazobactam (ZerbaxaTM; Cubist Pharmaceuticals)

Description
Ceftolozane/tazobactam is combination product consisting of ceftolozane, a cephalosporin antibacterial drug, and tazobactam, a beta-lactamase inhibitor. FDA approval was granted on December 19, 2014 for the indication of complicated intra-abdominal infection when used in combination with metronidazole and complicated urinary tract infection, including pyelonephritis.

Indications for Use
· Patients 18 years of age or older with the following infection caused by designated susceptible microorganisms:
· Complicated intra-abdominal infections (cIAI), used in combination with metronidazole, from Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumonia, Proteus mirabilis, Pseudomonas aeruginosa, Streptococcus anginosus, Streptococcus constellatus, Streptococcus salivarius, and/or Bacteroides fragilis.
· Complicated urinary tract infection (cUTI), including pyelonephritis, from Eschericia coli, Klebsiella pneumonia, Proteus mirabilis, and/or Pseudomonas aeruginosa.

Summary and comparison of basic drug information of Ceftolozane/tazobactamceftolozane/tazobactam with its comparison products are summarized in Table 1. Summary and comparison of dosing and administration information for ceftolozane/tazobactam with its comparison products are summarized in Table 2.

Table 1: Comparison of Ceftolozane/Tazobactam with Comparison Product for the Indications of cIAI and cUTI1,2,3
	
	Ceftolozane/tazobactam
	Meropenem
	Levofloxacin

	Mechanism of Action
	Ceftolazane inhibits select P. aeruginosa and E. coli penicillin- binding proteins, preventing cell wall biosynthesis, and is bactericidal.
Tazobactam irreversibly inhibits some beta-lactamases, including certain ESBL-producing bacteria
	Inhibit cell wall synthesis through targeting of penicillin-binding- proteins
	Inhibition of bacterial topoisomerase IV and DNA gyrase, interfering with bacterial DNA replication, transcription, repair and recombination.

	Indication
	cIAI, used in combination with metronidazole , from Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumonia, Proteus mirabilus, Pseudomonas aeruginosa, Streptococcus anginosus, Streptococcus constellatus, Streptococcus salivarius, and/or Bacteroides fragilis.

cUTI, including pyelonephritis, from Eschericia coli, Klebsiella pneumonia, Proteus mirabilis, and/or Pseudomonas aeruginosa.
	Intra-abdominal infection caused by viridans group streptococci, Escherichia coli, Klebsiella pneumonia, Pseudomonas aeruginosa, Bacteroides fragilis,
B. thetaiotaomicon, and
Peptostreptococcus species
	cIAI from Escherichia coli, Klebsiella pneumonia, Proteus mirabilis, Enterococcus faecalis, Enterobacter cloacae, Pseudomonas aeruginosa

	Warning
	· Decreased efficacy in CrCl 30 to ≤ 50 mL/min
· Clostridum difficile- associated diarrhea
· Development of drug- resistant bacteria
	· Seizure
· Co-administration with divalproex or valproic acid reduces serum concentration of valproic acid potentially leading to increased risk of breakthrough seizure.
· Clostridum difficile-
	· Tendinitis
· Hematologic: agranulocytosis, thrombocytopenia
· Hepatotoxicity
· CNS: convulsion, anxiety, confusion, depression, and insomnia
· Clostridum difficile-




	
	
	associated diarrhea
· Thrombocytopenia – in patients with renal dysfunction
	associated diarrhea
· Peripheral neuropathy
· QTc Prolongation

	QTc Prolongation
	None
	None
	Yes

	Contraindication
	Serious hypersensitivity to ceftolozane/tazobactam, piperacillin/tazobactam, or other beta-lactam class
	Known hypersensitivity to product components or anaphylactic reactions to beta- lactams
	Know hypersensitivity to levofloxacin or other quinolones

	How Supplied
	Single dose vial containing 1 g ceftolozane and 0.5 g tazobactam
	500 mg vial
1 g vial
	Single dose vial containing 500 mg or 750 mg

	Bacteriostatic preservative
	No
	-
	No



Table 2: Summary of Dosing and Administration of Ceftolozane/Tazobactam and Its Comparison Products for the Indication of cIAI or cUTI1,2,3
	Dosing and Administration
	Ceftolozane/tazobactam 1.5 g (1g/0.5g) every 8 hrs IV infusion Infuse over 1 hour
For cIAI: use in conjunction with metronidazole 500 mg IV every 8 hrs
Duration of Treatment: cIAI: 4-14 days
cUTI: 7 days
	Meropenem 1 g every 8 hrs IV infusion
Infuse over 15-30 minutes
	Levofloxacin
Oral tablet: 250 mg, 500 mg, or 750 mg by mouth daily
IV:
250 mg or 500 mg IV infusion – infused over 60 mins every 24 hrs 750 mg IV infusion – infused over 90 mins every 24 hrs

	Renal Adjustment
	Required for crcl ≤ 50 mL/min CrCl 30-50 : 750 mg IV every 8hr CrCl 15-29: 375 mg IV every 8hr ESRD on HD: A single LD of 750 mg followed by 150 mg IV every 8hr for remainder of therapy.
	Required for crcl ≤ 50 mL/min CrCl 26-50 : 1 g every 12 hr
CrCl 10-25: 500 mg every 12 hr
CrCl <10: 500 mg every 24 hr
	Required for crcl ≤ 50 mL/min CrCl 20-49 :
750 mg daily => 750 mg every 48 hrs 500 mg daily => 500 mg initial dose, then 250 every 24 hrs
CrCl 10-19 or HD:
750 mg daily => 750 mg every initial dose, then 500 mg every 48 hrs
500 mg daily => 500 mg initial dose, then 250 every 48 hrs

	Hepatic adjustment
	None
	None
	None

	Duration of therapy
	cIAI: 4-14 days
cUTI: 7 days
	Not specified
	cUTI: 5-10 days based on organism

	Preparation
	Dilute with 10 mL of sterile water for injection or 0.9 Sodium for injection and add to 100 mL IV bag of 0.9% NS or D5
	Dilute with 20 mL of sterile water
	Dilute with 20 mL (500 mg vial) with an additional 80 mL of compatible solution or 30 mL (750 mg vial) with an additional 120 mL of compatible

	Storage/Stability
	Vials should be stored refrigerated at 2-5o C (36-48o F) Vial: 1 hour after reconstitution
IV Bag:
Room temperature: 24hrs Refrigeration (2-8 C or 36-46 F): 7 days
Do not freeze
	Dry power should be stored at room temperature 20-25o C (68- 77o F)
If reconstituted with 0.9% NS: 1 hr at room temp or 13 hr refrigerated
If reconstituted with D5: should be used immediately
	Once diluted to 5 mg/mL Temp < 25 o C (77 o F): 72 hours Temp < 5 o C (41 o F): 14 days



Pharmacokinetics
Pharmacokinetics of Ceftolozane/tazobactam and its comparison products are summarized in Table 3. Cmax and AUC of Ceftolozane/tazobactam increased proportionately to dose administered.

Table 3: Comparison of pharmacokinetic parameters of Ceftolozane/tazobactam with its comparison products1,2,3
	
	Ceftolozane/tazobactam
	Meropenem
	Levofloxacin

	Vd
	Ceftolozane: 13.5 L
Tazobactam: 18.2 L
	12-23 L
	74-112 L

	Half life
	Ceftolozane: 2.7-3.12 hr-1
Tazobactam: 0.91-1.03 hr-1
	1 hr
	6-8 hrs

	Metabolism
	Ceftolozane: Eliminated in the urine unchanged
Tazobactam: Hydrolysis
	Eliminated in the urine unchanged
	Eliminated in the urine unchanged

	Excretion
	Kidney
	Kidney
	Renal



No dose adjustment needed for patients with hepatic impairment. No dose adjustment is needed based on age, gender, or race.

Adverse Reactions
Ceftoloazne/tazobactam safety profile was assessed in 1015 patients treated with Ceftolozane/tazobactam in 2 phase 3 comparator-controlled clinical trials of CIAI and cUTI. The most common side effects associated with Zerbraxa were nausea, diarrhea, headache, and pyrexia. Comparison of general safety data is summarized in Table
4. Comparison of common side effects between Ceftolozane/tazobactam and its comparison products are summarized in Table 5.

Table 4: General safety outcomes in patients on Zerbraxa versus comparison products1
	
	Ceftolozane/tazobactam
	Levofloxacin or Meropenem

	Treatment discontinuation due to adverse events
	2%
	1.9%

	Treatment discontinuation due to renal impairment
	0.5%
	0%

	Mortality
	2.5%
	1.5%



Table 5: Common adverse reactions in Ceftolozane/tazobactam vs. comparison products1
	
	cUTI
	
	
	cIAI
	

	
	Ceftolozane/tazobactam (n=533)
	Levofloxacin (n=535)
	
	Ceftolozane/tazobactam (n=482)
	Meropenem (n=497)

	Nausea
	2.8%
	1.7%
	
	7.9%
	5.8%

	Headache
	5.8%
	4.9%
	
	2.5%
	1.8%

	Diarrhea
	1.9%
	4.3%
	
	6.2%
	5%

	Pyrexia
	1.7%
	0.9%
	
	5.6%
	4%

	Constipation
	3.9%
	3.2%
	
	1.9%
	1.2%

	Insomnia
	1.3%
	2.6%
	
	3.5%
	2.2%

	Vomiting
	1.1%
	1.1%
	
	3.3%
	4%

	Hypokalemia
	0.8%
	0.4%
	
	3.3%
	2%

	ALT increased
	1.7%
	0.9%
	
	1.5%
	1%

	AST increased
	1.7%
	0.9%
	
	1%
	0.6%

	Anemia
	0.4%
	0.9%
	
	1.5%
	1%

	Thrombocytosis
	0.4%
	0.4%
	
	1.9%
	1%

	Abdominal pain
	0.8%
	0.4%
	
	1.2%
	0.4%

	Anxiety
	0.2%
	0.7%
	
	1.9%
	1.4%

	Dizziness
	1.1%
	0.2%
	
	0.8%
	1%

	Hypotension
	0.4%
	0.2%
	
	1.7%
	0.8%

	Atrial fibrillation
	0.2%
	0%
	
	1.2%
	0.6%

	Rash
	0.9%
	0.4%
	
	1.7%
	1.4%



Drug Interactions
No significant drug-drug interaction is expected between Ceftolozane/tazobactam when used concomitantly with inducers or inhibitors of cytochrome P450 enzymes or P-gp transporter. The tazobactam component is a substrate of OAT1 and OAT3 transporter. Co-administration of tazobactam with inhibitors of OAT1 and/or OAT3 may increase tazobactam plasma concentration.

Medication Safety1,2,3
	
	Ceftolozane/tazobactam
	Meropenem
	Levofloxacin

	REMS (Risk Evaluation Mitigation Strategy) Requirement
	
	None
	

	Pregnancy Category
	B – Use during pregnancy only if potential benefit outweigh the possible risk
	B – Should be used only if clearly needed
	C – Used only if the potential benefit justifies the potential risk to the fetus

	Pediatric Use
	Safety and efficacy has not been established in pediatric patients
	Efficacy and safety data available for pediatric patients ≥ 3 months
	Efficacy and safety data available for pediatric patients from 6 months – 16 years

	Nursing Mother
	No data available. Use with caution in nursing women
	Does excrete in human milk. Use with caution in nursing women
	Does excrete in human milk. Discontinue nursing or drug based on importance of drug to mother

	Geriatric
	Incidences of adverse effect are higher in patients ages
>65 years.
cIAI: Cure rate in patients
>65 years 69% (69/100) vs.
82.4% (70-85)
AE may be higher due to decrease in renal function in patients >65 years as a Ceftolozane/tazobactam is substantially excreted by the kidney.
Monitor renal function closely in patients >65 years
	AE may be higher due to decrease in renal function in patients >65 years as a meropenem is substantially excreted by the kidney.
	Increased risk of severe tendon disorders including tendon rupture
AE may be higher due to decrease in renal function in patients >65 years as a meropenem is substantially excreted by the kidney.

	Black Box Warning
	
	None
	

	ISMP Medication Safety Concerns
	None
	None
	Can be potentially confused with levETIRAcetam

	Hazardous Risk Assessment
	
	None
	

	Extravasation Potential
	
	None
	

	Electronic Health Record Safety Assessment
	Criteria for use. Renal function/dosing parameters
	
	

	Miscellaneous Safety Concerns
	
	
	




Efficacy Data
Efficacy data for Ceftolozane/tazobactam is established primarily in 2 clinical trials. Ceftolozane/tazobactam in combination of metronidazole was compared to meropenem for the treatment of cIAI. Ceftolozane/tazobactam was also compared to levofloxacin for the treatment of cUTI. Please refer to Table 6 and Table 7 for complete summary of the studies.

cUTI
Ceftolozane/tazobactam was evaluated for the indication of cUTI including pyelonephritis in a multinational, double blind, randomized trial. Patients were randomized to either Ceftolozane/tazobactam 1.5 g IV every 8hr or levofloxacin 750 mg IV once daily for 7 days. Composite clinical and microbiological cure rates are summarized in Table 6.

Table 6: Composite clinical and microbiological cure rate between Ceftolozane/tazobactam and levofloxacin for the treatment of cUTI including pyelonephritis1
	
	Ceftolozane/tazobactam
	Levofloxacin
	Weighted difference
	95% CI

	Composite clinical cure rate in the MITT population at TOC
	76.9%
	68.4%
	8.5
	2.3-14.6

	Composite clinical cure rate in the ME population at TOC
	83.3%
	75.4%
	8
	2-14


TOC: Test to cure visit – 24-32 days after start of therapy MITT: microbiological intent-to-treat
ME: microbiological evaluable

There was a statistical significant difference in the composite microbiological and clinical cure rate between Ceftolozane/tazobactam versus levofloxacin. However, the significant difference in cure rate was most likely due to 26.5% of patients having organisms not susceptible to levofloxacin at baseline. When the cure rate was examined in patients with organisms resistant to levofloxacin, the cure rate in patients treated with ceftolozane/tazobactam was 60% versus 39.3% in patients treated with levofloxacin. When the cure rate was evaluated in patients with organism not resistant to levofloxacin, the cure rate in patients treated with ceftolozane/tazobactam versus levofloxacin was 82.6% versus 79.7%, respectively.

Composite cure rate in patients with concurrent bacteremia receiving Ceftolozane/tazobactam was 79.3%. ESBL (TEM, SHV, CTX-M, OXA) were identified in 15% of patients infected with E.coli and K. pneumonia in the (cUTI trial). Cure rates among this patient population was similar to the overall cure rate. In vitro susceptibility testing showed that some of these isolates were susceptible to ZERBAXA (MIC ≤ 2 mcg/mL), while some others were not susceptible (MIC > 2 mcg/mL).


cIAI
Ceftolozane/tazobactam was evaluated for the indication of cIAI in a prospective, randomized, double-blind trial. Patients were randomized to either ceftolozane/tazobactam 1.5 g plus metronidazole 500 mg IV every 8hr or meropenem 1000 mg every 8hr for 4-14 days. Summary of findings are summarized in Table 7.

Table 7: Composite clinical and microbiological cure rate between Ceftolozane/tazobactam plus metronidazole versus meropenem for the treatment of cIAI4
	
	Ceftolozane/tazobactam + metronidazole
	Meropenem
	Weight difference
	95% Confidence Interval (CI)

	Clinical cure rate in the MITT population at TOC visit
	83% (n=389)
	87.3% (n=417)
	-4.2%
	-8.91%-0.54

	Clinical cure rate in the ME population at TOC visit
	94.2% (n=275)
	94.7% (n=321)
	-1%
	-4.52%-2.59%

	Clinical cure rate in the ITT population at TOC
	83.9%
	86.2%
	-2.6%
	-7.08-1.87%

	Clinical cure rate in the MITT population at EOT
	89.2%
	92.3%
	-3.1%
	-7.23-0.89%

	Clinical cure rate in the CE population
	94.1%
	94.0%
	0.1%
	-3.3%-3.55%


EOT: End of therapy – 24 hours of last dose of treatment TOC: Test to cure visit – 24-32 days after start of therapy MITT: microbiological intent-to-treat
ME: microbiological evaluable CE: clinical evaluable
ITT: intent-to-treat

Ceftolozane/tazobactam plus metronidazole was found to be noninferior to meropenem in adult patients with cIAI. The weighted difference in clinical cure rates in the MITT population was -4.2% (95%CI = -8.91%-0.54%), which meets statistical criteria of noninferiority. The weighted difference in the clinical cure rate in the ME population  was -1.0% (95%CI = -4.52%-2.59%). Treatment failure at TOC was similar in both treatment group, 8.2%.

ESBL (TEM, SHV, CTX-M, OXA) were identified in 9% of patients infected with E.coli and K. pneumonia in the (cIAI trial). Cure rates among this patient population was similar to the overall cure rate. Results are summarized in Table 8.

Table 8: Clinical cure rates in resistance organism4
	
	Ceftolozane/tazobactam + Metronidazole
	Meropenem

	ESBL-producing Enterobacteriaceae
	95.8% (n=24)
	88.5% (n=26)

	CTX-M-14/15 ESBL producing Enterobacteriaceae
	100% (n=13)
	72.7% (n=11)



In vitro studies: Ceftolozane/tazobactam has demonstrated activity against Enterobacteriacease in the presence of some members of the following ESBL groups: TEM, SHV, CTX-M, and OXA in E.coli and Klebsiella.
Ceftolozane/tazobactam also demonstrated in vitro activity against P. aeruginosa with certain mechanisms of resistance including chromosomal AmpC, loss of outer membrane porin (OprD), and/or up regulation of efflux pumps (MexXY, MexAB). However, activity against Enterobacter and citrobacter is similar to piperacillin/tazobactam. Ceftolozane/tazobactam is not active against bacteria that produce serine carbapenemase (K. pneumonia carbapenemase (KPC)), and metallo-beta lactamase. Ceftolozane/tazobactam has poor Acinetobacter activity.

It has been found that there is a significant decrease in efficacy in patients with baseline CrCl 30 to ≤50 mL/min (Table 9).


Table 9: Clinical Cure Rates in a Phase 3 Trial of cIAI by baseline renal function1
	Baseline Renal Function
	Ceftolozane/tazobactam + Metronidazole
	Meropenem

	Normal/mild impairment CrCl ≥ 50 mL/min
	85.2%
	87.9%

	Moderate to severe CrCl 30 ≤ CrCL ≤ 50
	47.8%
	69.2%




Available Dosage Forms / Cost
	
	AWP Cost/Vial
	Usual Dose
	UMHS Cost/Day

	Ceftolozane/tazobactam 1g-0.5g
	$83
	1g-0.5g every 8hr
	$249

	Meropenem 500mg
	$4.97
	500mg every 6 hr
	$19.88



Managed Care Plan Acceptance
N/A

Recommendation

Add Ceftolozane/tazobactam to formulary with restriction to Infectious Diseases approval for the following criteria:

1. Treatment of documented ceftolozane/tazobactam-susceptible Pseudomonas infection requiring intravenous therapy AND resistance or intolerance to all other beta-lactams, fluoroquinolones, and aztreonam.

Additional Management Recommendations:

1. Providers will need to contact the microbiology lab to perform Ceftolozane/tazobactam susceptibility testing when it is being considered for treatment.

2. Ceftolozane/tazobactam is NOT active against Acinetobacter and bacteria that produce serine carbapenemase (K. pneumonia carbapenemase (KPC)) and metallo-beta lactamase.
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