

Description1

Ceftazidime-avibactam (AvycazM; GlaxoSmithKline/Forest-Cerexa)

Ceftazidime/avibactam is a combination product containing a third-generation cephalosporin and a semi synthetic, non-beta lactam beta-lactamase inhibitor that is administered intravenously. The bactericidal activity of ceftazidime is achieved by inhibiting cell wall synthesis mediated through penicillin-binding proteins (PBPs). The avibactam component protects ceftazidime from the degradation of some beta-lactamases and extended- spectrum beta-lactamases (ESBLs), and has specifically shown in vitro activity against TEM, SHV, CTX-M, K. pneumoniae carbapenemase, AmpC, certain oxacilliniases, as well as activity against P. aeruginosa in the presence of some AmpC beta-lactamases, and certain strains lacking outer membrane porin (OprD).

Indications for Use1
Ceftazidime/avibactam is indicated for the treatment of patients 18 years or older with the following infections caused by designated susceptible microorganisms:
· Complicated intra-abdominal infections (cIAI), in combination with metronidazole
· Complicated urinary tract infections (cUTI), including pyelonephritis

Ceftazidime/avibactam should be reserved for use in patients who have limited or no alternative treatment options and only to treat infections that are proven or strongly suspected to be caused by susceptible bacteria

Pharmacokinetics1,2:
	Distribution
	· Volume of distribution
· Ceftazidime: 17-18.1 L
· Avibactam: 22.2-23.2 L
· Plasma protein binding:
· Ceftazidime: <10%
· Avibactam: 5.7-8.2%

	Metabolism
	· Ceftazidime eliminated 80% to 90% unchanged
· Avibactam: substrate of OAT1 and OAT3 transporter

	Elimination
	· Half-life:
· Ceftazidime: 2.76-3.27 hours
· Avibactam: 2.22-2.71 hours
· Primary route of elimination: renal excretion



Adverse Reactions1,2
Common: gastrointestinal upset (constipation, nausea, vomiting, abdominal pain), anxiety, dizziness, increased alkaline phosphatase, increased alanine aminotransferase
Serious: hypersensitivity reaction, Clostridium difficile-associated diarrhea, central nervous system reactions (asterixis, encephalopathy, excitability, neuromuscular status epilepticus, seizure)

Decreased clinical response was seen in a phase III trial in patients with cIAI with baseline CrCl of 30-50 mL/min compared to those with CrCl > 50 mL/min. Within the subgroup, patients with CrCl 30-50 mL/min received a 33% lower daily dose than that is currently recommended for patients with CrCl 30-50 mL/min.

Drug Interactions1
1. Probenecid: avibactam is a substrate for OAT1 and OAT3 transporters in vitro. In vitro studies show probenecid, a potent OAT inhibitor, inhibits the uptake of avibactam by 56% to 70%, and therefore may reduce the elimination of avibactam when used concomitantly.
2. Drug/laboratory test Interactions: false positive reactions for glucose in the urine may occur with the use of ceftazidime, therefore glucose testing should be performed using glucose oxidase methods.

Medication Safety
	REMS (Risk Evaluation Mitigation Strategy) Requirement
	None

	Pregnancy Category
	Category B

	Black Box Warning
	None

	ISMP Medication Safety Concerns
	Look/sound alike: ceFAZolin; cefoTEtan; cefOXitin ; cefTRIAXone

	Hazardous Risk Assessment
	Not applicable

	Extravasation Potential
	Use of ceftazidime-avibactam may result in infusion site inflammation or injection site hematoma, thrombosis or hematoma (package insert)

	Electronic Health Record Safety Assessment
	Dose range suggestions for renal dosage adjustment based on CrCl Drug-drug interaction with probenecid
Drug label: indicate total dose is the summation of the components (i.e. 2.5 g
= ceftazidime 2g + avibactam 0.5g)

	Pediatric
	A single-dose PK/PD study was performed in pediatric patients, but there is currently no indication or dosing recommendations for patients < 18 years old.



Study Results3,4
Ceftazidime/avibactam, in combination with metronidazole, was compared to meropenem for the treatment of cIAI and to imipenem-cilastatin for the treatment of cUTI in two phase II trials. These studies showed similar safety and efficacy between ceftazidime/avibactam and each comparator for the treatment of these infections. Please refer to Table 1 for study details.

Dosage and Administration1
The recommended dose of ceftazidime/avibactam is 2.5 g (ceftazidime 2 g/avibactam 0.5 g) given every 8 hours by intravenous infusion over 2 hours in patients 18 years and over with normal renal function. Metronidazole should be used concurrently with ceftazidime/avibactam for the treatment of cIAI. The dosage regimen should be  adjusted based on patient’s renal function, but does not need to be adjusted for hepatic impairment or advanced age.

	Dosage by Indication

	Infection
	Dosage
	Frequency
	Infusion Time (hours)
	Recommended Duration of Total Antimicrobial Treatment

	cIAI (used in combination with metronidazole)
	2.5 g (ceftazidime 2g/ avibactam 0.5 g)
	Every 8 hours
	2
	5 to 14 days

	cUTI, including pyelonephritis
	2.5 g (ceftazidime 2g/ avibactam 0.5 g)
	Every 8 hours
	2
	7 to 14 days



Spectrum of Activity:

Ceftazidime/avibactam is indicated for the treatment of cIAI and cUTI for susceptible Escherichia.coli, Klebsiella pneumoniae, Klebsiella oxytoca, Proteus mirabilis, Enterobacter cloacae, Citrobacter koseri, Citrobacter freundii and Pseudomonas aeruginosa.

Ceftazidime/avibactam has in vitro activity against carbapenem-resistance strains and extended spectrum beta- lactamase producers.  A recent survellice study demonstrated Ceftazidime/avibactam maintained susceptibility
6
against 97.5% of KPC producing organisms, and 100% of CTX-M14-15 (ESBL) producers.

Beta-lactam antibiotic susceptibilities were tested against 3,902 Pseudomonas aeruginosa isolates from the United States, with the following susceptibilities: Ceftazidime/avibactam 96.9%; ceftazidime 83.8%; cefepime 83.6%; piperacillin/tazobactam 78.5%; and meropenem 81.9%.7

Ceftazidime/avibactam has poor activity against Acinetobacter.





	Estimated Creatinine Clearance1 (ml/min)a
	Recommended Dosage Regimen
Infuse each dose intravenously over 2 hours

	Greater than 50
	2.5 g (ceftazidime 2 g/ avibactam 0.5 g) every 8 hours

	31 to 50
	1.25 g (ceftazidime 1 g/ avibactam 0.25 g) every 8 hours

	16 to 30
	0.94 g (ceftazidime 0.75 g/ avibactam 0.19 g) every 12 hours

	6 to 15b
	0.94 g (ceftazidime 0.75 g/ avibactam 0.19 g) every 24 hours

	Less than or equal 5b
	0.94 g (ceftazidime 0.75 g/ avibactam 0.19 g) every 48 hours

	Hemodialysisc
	0.94 g (ceftazidime 0.75 g/ avibactam 0.19 g) every 24-48 hours

	aCockcroft-Gault formula
bCeftazidime and Avibactam are hemodialyzable; therefore administer after hemodialysis on hemodialysis days
c There is currently no data for dosing during CRRT



Admixture Compatibility1
Ceftazidime-avibactam is supplied as a dry powder and should be stored at room temperature (25°C, 77°F) and protected from light. Ceftazidime/avibactam should be constituted and diluted prior to intravenous administration.

Storage and Stability1
The diluted ceftazidime/avibactam solution must be used within 12 hours if stored at room temperature, or 24 hours if refrigerated at 2 to 8°C (36 to 46°F). Further use and storage beyond the first 24 hours of refrigeration should be within 12 hours at room temperature.

Available Dosage Forms / Cost5

	UMHS	Usual Dose	UMHS
Cost/Vial	Cost/Day
	AWP
Cost/Day

	Ceftazidime/avibactam 2.5 g	$342.00	2.5 g (ceftazidime 2g/ vial		avibactam 0.5 g) every 8
hours
	$1,026.00

	Meropenem 500 mg vial	$4.97	500mg IV
	every 6 hours
	$19.88



Recommendation & Summary:

Ceftazidime/avibactam may fill a niche for some patients with confirmed carbapenamase-producing Enterobacteriacea (where the only active agent is commonly colistin). However, there is currently no clinical data describing clinical outcomes of using ceftazidime/avibactam in this population.

Add ceftazidime/avibactam to formulary with restriction to Infectious Diseases approval for the following criteria:

1. Treatment of documented carbapenamase-producing Enterobacteriacea 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 ceftazidime/avibactam susceptibility testing when it is being considered for treatment.
2. Ceftolozane/tazobactam is preferred over ceftazidime/avibactam for XDR Pseudomonas infection, if susceptible to both agents.
3. There is currently minimal data for patients less than 18 years old, and utilization should be reserved as a last-line option in pediatric patients until further studies are available.
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Table 1
	Title (abbreviated)/ Reference/ Funding
	Study Design
	Drug/Dosage Regimens
	Study Parameters
	Efficacy
	Safety
	Conclusion/ Comments

	Ceftazidime/ avibactam + metronidazole vs meropenem for cIAI

Lucasti et al.

Funded by Novexel
	R, DB

Phase II

Hospitalized adults with cIAI

83% of patients APACHE II < 10

~50% of patients site of infection: appendix
	Ceftazidime/ avibactam 2000 mg/
500 mg IV +
metronidazole 500 mg IV
infused over 30 minutes
Q 8h (n=101)

Meropenem 1000 mg IV
Q8h + placebo (n=102)

Treatment: 5-14 days
	Primary outcome: clinical response in ME patients^ at the TOC visit 2 weeks after the last dose of study therapy

Secondary outcomes:
-clinical response at the end of IV therapy
-microbiological response at TOC visit, and LFU visit
	Favorable clinical responseβ in ME
population, ceftazidime/avibactam + metronidazole vs meropenem:

TOC visit: 61/68 (91.2%) vs. 71/76 (93.4%); estimated difference of response: -2.2% (95% CI: -20.4%,
12.2%)

End of IV therapy: 66/68 (97.1%) vs 74/76 (97.4%); observed difference: - 0.3% (95% CI: -17.1%, 15.4%)

Favorable microbiological responseα TOC visit: 62/68 (91.2%) vs 71/76 (93.4%)

Favorable microbiological responseα in ceftazidime non-susceptible+ isolates: 25/26 (96.2%) vs 16/17 (94.1%)
	All AEs, ceftazidime/avibactam + metronidazole vs meropenem: 65/101 (64.4%) vs. 59/102
(57.8%)

Nausea, vomiting, or abdominal pain 32/101 (31.6%) vs.
14/102 (13.7%)

Liver enzyme elevations
17/101 (16.8%) vs.
28/102 (27.4%)

Serious AEs: 9 (8.9%)
vs 11 (10.8%)
	Ceftazidime/avibactam plus metronidazole resulted in a similar efficacy and safety compared to meropenem in treating complicated intra- abdominal infections in hospitalized patients.

E. coli most common pathogen, isolated in 73% of patients; all susceptible to both ceftazidime/avibactam and meropenem
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	Ceftazidime/
	R, DB
	Ceftazidime/
	Primary outcome:
	Favorable microbiological responseα
	All AEs,
	Ceftazidime/avibactam may be as

	avibactam vs.
	
	avibactam
	favorable
	in ME population
	ceftazidime/avibacta
	effective as imipenem-cilastatin

	imipenem-
	Phase II
	500mg/125mg
	microbiological
	ceftazidime/avibactam vs. imipenem:
	m vs. imipenem:
	in treating complicated urinary

	cilastatin for
	
	IV infused over
	response in ME
	
	46/68 (67.6%) vs
	tract infections, including

	cUTI, including
	Hospitalized
	30 minutes
	patients# at TOC 5-
	TOC visit: 19/27 (70.4%) vs. 25/35
	51/67 (76.1%)
	pyelonephritis, in hospitalized

	pyelonephritis
	adults with
	Q 8h (n=69)
	9 days post-
	(71.4%); observed difference: -1.1%
	
	adult patients.

	
	cUTI or
	
	therapy
	(95% CI: -27.2%, 25%)
	Most common:
	

	Vazquez et al.
	pyelonephritis
	Imipenem-
	
	
	constipation, diarrhea,
	Investigated dose less than dose

	
	due to gram-
	cilastatin 500
	Secondary
	
	abdominal pain,
	listed in the package insert

	Funded by:
	negative
	mg IV Q6h +
	outcomes:
	End of IV therapy: 25/26 (96.2%) vs.
	headache, anxiety,
	

	Novexel
	pathogens
	placebo (n=68)
	-microbiological
	34/34 (100%)
	injection/infusion
	E. coli was pathogen in >90% of

	
	
	
	response at the
	
	reaction
	patients

	
	
	Total
	end of IV therapy –
	LFU visit: 15/26 (57.7%) vs 18/30
	
	

	
	
	treatment*:
	microbiological
	(60%)
	Drug-related AEs:
	Two patients in the

	
	
	7-14 days
	response at LFU
	
	24/68 (35.3%) vs
	ceftazidime/avibactam arm had a

	
	
	
	visit (4-6 weeks
	TOC visit in patients with
	34/67 (50.7%);
	P. aeruginosa infection that was

	
	
	
	post-therapy)
	pyelonephritis: 13/18 (72.2%) vs
	headache and
	persistent at the TOC visit.

	
	
	
	
	14/19 (73.7%); observed difference: -
	injection/infusion site
	

	
	
	
	
	1.5% (95% CI: -35.5%, 32.6%)
	reaction most
	

	
	
	
	
	
	common
	

	
	
	
	
	Ceftazidime non-susceptible +
	
	

	
	
	
	
	uropathogens at TOC visit: 6/7
	Serious AEs: 6/68
	

	
	
	
	
	(85.7%) vs 9/11 (81.8%)
	(8.8%) vs 2/67 (3%)
	


Key:
R= randomized DB= double blind cIAI: complicated intra-abdominal infection cUTI: complicated urinary tract infection ME : microbiologically evaluable TOC: test-of-cure LFU: late follow-up AEs: adverse events
+Based on CLSI MIC breakpoint for ceftazidime alone, non-susceptible MIC >8 mg/L
^Patients with cIAI confirmed by operative findings, had received 80-120% of the scheduled study drug, with sufficient information to determine clinical outcome at the TOC visit who also had at least one clinically relevant pathogen susceptible to both ceftazidime/avibactam and meropenem isolated in the initial culture
βComplete resolution or significant improvement of signs/symptoms of infection with no requirement for additional antibiotics or surgery
#Patients who had no major protocol violations, had a positive urine culture on enrollment that contained >105 CFU/mL (>104 CFU/mL if bacteremic) of at least one uropathogen presumed or known to be susceptible to the study antibiotics, had a clinical and microbiological assessment at the TOC visit (including a quantitative urine
culture), and had either received at least 7 days of study therapy (IV or IV plus oral), or were classified as failures after completing at least 48hrs of IV therapy
*Total treatment time included both IV and oral antibiotics, patients could switch to oral ciprofloxacin 500 mg BID (or other alternative if intolerant or ciprofloxacin- resistant pathogen) to complete the treatment course if clinically improving (afebrile for > 24hrs, resolution of nausea and vomiting, and improved signs and symptoms) after at least 4 days of IV treatment with pathogens susceptible to both study antibiotics
αEradication of the baseline pathogen (cIAI); reduction of the urine pathogen from >105 CFU/mL to <104 CFU/mL with no pathogen present in the blood (cUTI)
