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Executive Summary:1-3
· Ceftaroline is a fifth generation cephalosporin antibacterial that received FDA approval (October 2010) for the treatment of adult patients with acute bacterial skin and skin structure infection (ABSSSI), formerly known as complicated skin and skin structure infection, and community-acquired bacterial pneumonia (CABP).
· Ceftaroline displays in vitro activity against methicillin-resistant Staphylococcus aureus (MRSA), which is unique among the class of cephalosporins.  It also demonstrates in vitro activity against Streptococcus pneumonia including penicillin-resistant strains.  Similar to other cephalosporins, ceftaroline lacks activity against Enterococcus spp.  Against most Gram-Negatives, ceftaroline’s spectrum  of activity is comparable to ceftriaxone (ie, lacks activity Pseudomonas and Acinetobacter species).  
· Four pivotal, Phase III clinical trials (FOCUS and CANVAS) were conducted to evaluate the efficacy and safety of ceftaroline in the treatment of CABP and ABSSSI, respectively.  
· The study designs of FOCUS 1 and 2 were similar and aimed to establish non-inferiority in clinical cure rates of ceftaroline compared with ceftriaxone in patients with CABP.  Of note, patients with a strong suspicion of MRSA pneumonia or pneumonia secondary to atypical organisms were excluded from the study.  Ceftaroline demonstrated non-inferiority to ceftriaxone for the treatment of hospitalized patients with CABP and was efficacious against Streptococcus pneumonia and in a subset of patients with Streptococcus pneumonia bacteremia.
· The study designs of CANVAS 1 and 2 were identical and aimed to establish the non-inferiority of the clinical cure rate achieved with ceftaroline monotherapy compared with vancomycin plus aztreonam in patients with ABSSSIs.  Ceftaroline monotherapy was efficacious for the treatment of cSSSI, with a clinical cure rate comparable to that of vancomycin + aztreonam.  
· Ceftaroline was well tolerated and had a favorable safety profile, with rates of AEs and SAEs similar to those of ceftriaxone in the CABP trial. The most common adverse events noted were nausea, vomiting, diarrhea and rash. 
· Ceftaroline, a cephalosporin with MRSA in vitro activity, has shown to be efficacious in the treatment of skin and skin structure infection and community-acquired bacterial pneumonia. 
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating ceftaroline for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics:1-3
Ceftaroline is a fifth generation cephalosporin that exerts bactericidal activity against Gram-Positive and Gram-Negative organisms. The mechanism of action is similar to other beta-lactams where it inhibits cell wall biosynthesis by binding to penicillin binding proteins (PBPs) and inhibits the transpeptidation step of peptidoglycan biosynthesis in the bacterial cell wall.  Ceftaroline displays time-dependent killing and the Time above the MIC (T>MIC) is the main pharmacodynamic parameter predicting efficacy.  
Table 1:  Pharmacokinetics of Ceftaroline at Steady-State 
	Parameter (SD) 
	Ceftaroline

	Metabolism
	Prodrug; rapidly converted by in vivo phosphatase enzymes to the microbiologically active ceftaroline that exerts bactericidal activity.  Ceftaroline does not utilize the cytochrome P450 enzyme system for metabolic transformation

	Elimination
	Ceftaroline and its metabolites (ceftaroline M-1) are primarily eliminated by the kidneys

	Cmax (mcg/mL) 
	21.3 (4.10)

	Tmax (h)
	0.92 (0.92-1.08)

	AUC (mcg∙h/mL)
	56.3 (8.90) 

	Half-life (SD)
	2.66 (0.4)  

	Protein Binding
	Plasma protein binding of ceftaroline is approximately 20%


Microbiology:3-6  
Ceftaroline displays in vitro activity against a wide-variety of Gram-Positive and Gram-Negative Organisms (Refer to Table 2).  Most notably, ceftaroline displays in vitro activity against MRSA through its strong binding affinity to PBP 2a.  In analysis of 2,254 MRSA isolates, approximately 5% of MRSA isolates have MICs > 1.0 µg/mL and thus are resistant to ceftaroline (susceptible breakpoint for MRSA is MIC ≤ 1 µg/mL).  Ceftaroline has also shown in vitro activity against vancomycin-intermediate Staphylococcus aureus (VISA), vancomycin-resistant Staphylococcus aureus (VRSA), and daptomycin non-susceptible Staphylococcus aureus.  Ceftaroline  has activity against Streptococcus pneumonia including penicillin-resistant isolates, S. viridians and S. agalactiae.  Similar to other cephalosporins, ceftaroline demonstrates lacks activity against Enterococcus faecalis and faecium. 
Ceftaroline displays in vitro activity against many Gram-Negatives including Escherichia coli, Klebsiella pneumonia, Morganella sp., Haemophilus sp., Moraxella sp., Providencia sp. and Serratia marsecens.  Ceftaroline lacks activity against Pseudomonas aeruginosa and Acinetobacter sp.  In addition, ceftaroline is inactivated by extended-spectrum beta lactamase (ESBL) producing  and AmpC overexpressing organisms.   Ceftaroline  has the ability to induce AmpC enzyme production, to an extent comparable to ceftriaxone and cefotaxime, however to a lesser degree than cefoxitin.  
Ceftaroline has activity against some of the Gram-Positive anaerobic such as Actinomyces species, Propionibacterium species, Fusobacterium species.  It lacks activity against Bacteroides and Prevotella isolates. 
Table 2.  In vitro MIC90 (µg/mL) values for Ceftaroline against select Gram-Positive and Gram-Negative clinical isolates collected (2004-2006) in United States4
:
	Bacteria; no. of isolates
	Ceftaroline MIC90 (µg/mL)

	Staphylococcus aureus

Oxacillin-susceptible (MSSA); n= 348

Oxacillin-resistant (MRSA); n= 661
	0.25

1.00

	Coagulase-negative staphylococci
Oxacillin-susceptible; n= 201

Oxacillin-resistant; n= 299
	0.12

0.50

	Streptococcus pneumonia

Penicillin susceptible; n= 202

Penicillin intermediate; n= 103

Penicillin-resistant, MIC > 2 µg/mL; n= 296
	0.015

0.06

0.12

	Enterococcus faecalis

Vancomycin-susceptible; n= 157

Vancomycin-resistant; n= 25
	4

4

	Enterococcus faecium

Vancomycin-resistant; n= 26
	> 16

	Haemophilus influenza

Beta-lactamase negative; n= 199

Beta-lactamase positive; n= 101
	0.015

0.03

	Escherichia coli

Ceftazidime-susceptible; n= 345

Ceftazidime-non-susceptible; n= 63
	0.5

> 16

	Klebsiella pneumonia

Ceftazidime-susceptible; n= 210

Ceftazidime-non-susceptible; n= 66
	0.25

> 16


FDA Approved Indication(s) and Off-label Uses1-3
Ceftaroline is indicated for the treatment of the infections caused by 
· Acute bacterial skin and skin structure infections caused by susceptible Gram-Positive and Gram-Negative organisms including S. aureus (MSSA and MRSA), S. pyogenes, S. agalactiae, E. coli, K. pneumoniae, and K. oxytoca 

· Community-acquired pneumonia caused by susceptible Gram-Positive and Gram-Negative organisms including S. pneumoniae with concurrent bacteremia, S. aureus (MSSA only), H. influenza, K. pneumonia, K.  oxytoca, and E. coli.

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM intranet site only).   At this time, there are no active phase 3 clinical trials being conducted with ceftaroline for other indications according to clinicaltrials.gov.  The FDA labeling for acute bacterial skin and skin structure includes MRSA and MSSA while community-acquired pneumonia only includes MSSA (and not MRSA).  Patients with suscepted MRSA community-acquired pneumonia were excluded in the clinical trials).  Thus, potential for off-label usage may include MRSA infections such as community-acquired pneumonia and healthcare-associated pneumonia as well as coagulase-negative staphylococcal infections.
Current VA National Formulary Alternatives9-10
Acute Bacterial Skin and Skin Structure Infections:  Parenteral anti-MRSA agents on VANF include vancomcyin, clindamycin, daptomycin, linezolid, and tigecycline.  The PBM have Recommendations for Use for daptomycin, linezolid, and tigecycline.
Community-Acquired Bacterial Pneumonia:  Parenteral agents on VANF include ampicillin, ampicillin-sulbactam, azithromycin (used in combination with beta-lactam), ceftriaxone, cefotaxime, and moxifloxacin.  
Dosage and Administration1-3
The recommended adult dosage is 600 mg administered intravenous  infusion every 12 hours over 1 hour.  The recommended duration of therapy for community-acquired pneumonia is 5-7 days, while a 7-14 days course is recommended for skin and soft tissue infections, depending on the extent and severity of the infection. 
Renal Impairment:  Dosage adjustments are recommended in renal impairment (Refer to Table 3).  
Table 3.  Dosage Adjustments in Renal Impairment

	Creatinine Clearance (mL/min)
	Ceftaroline Dosage Regimen

	>50
	No dosage adjustment necessary

	> 30 - < 50
	400 mg IV infused over 1 hour every 12 hours

	> 15 - < 30
	300 mg IV infused over 1 hour every 12 hours

	End-stage renal disease on hemodialysisa
	200 mg IV infused over 1 hour every 12 hours


aCeftaroline is hemodialyzable and should be admininstered after hemodialysis on hemodialysis days
Hepatic Impairment:  No dosage adjustments recommended in patients with mild or moderate hepatic impairment.  
Efficacy1-3,7-8 

Four pivotal, Phase III clinical trials (CANVAS and FOCUS) were conducted to evaluate the efficacy and safety of ceftaroline in the treatment of ABSSSIs and CABP, respectively.  The study designs of CANVAS 1 and 2 trials were identical and designed to establish the non-inferiority of ceftaoline to the combination of vancomycin+aztreonam in the treatment of ABSSSIs.  The study designs of FOCUS 1 and 2 trials were similar and aimed to establish the non-inferiority of ceftaroline monotherapy to ceftriaxone in the treatment of hospitalized patients with CABP. 
Efficacy Endpoints:  CANVAS
· Primary outcome:
· Per-patient clinical cure rate at the test-of-cure visit in clinically evaluable and modified intent-to-treat populations
Efficacy Endpoints:  FOCUS
· Primary outcome:
· Clinical cure rate at the test-of-cure visit in Clinically Evaluable and Modified Intent-To-Treat Efficacy populations
The combined analyses for CANVAS I and II are presented in Appendix A while the combined analyses for FOCUS I and II are presented in Appendix B.  The primary endpoints for individual trials are listed in this section (Table 5 and Table 6).
Table 5. CANVAS:  Clinical Cure Rates at Test-of-Cure
	
	Ceftaroline 

n/N 
	Vancomycin/Aztreonam

n/N 
	Treatment Difference

(2-sided 95% CI)

	ABSSSI Trial 1
	
	
	

	CE
	288/316 (91.1%)
	280/300 (93.3%)
	-2.2 (-6.6, 2.1)

	MITT
	304/351 (86.6%)
	297/347 (85.6%)
	1.0 (-4.2, 6.2)

	ABSSSI Trial 2
	
	
	

	CE
	271/294 (92.2%)
	269/292 (92.1%)
	0.1 (-4,4, 4.5)

	MITT
	291/342 (85.1%)
	289/338 (85.5%)
	-0.4 (-5.8, 5.0)


Table 6. FOCUS :  Clinical Cure Rates at Test-of-Cure
	
	Ceftaroline 

n/N 
	Ceftriaxone

n/N 
	Treatment Difference

(2-sided 95% CI)

	CABP Trial 1
	
	
	

	CE
	194/224 (86.6%)
	183/234 (78.2%)
	8.4 (1.4, 15.4)

	MITT
	244/291 (83.8%)
	233/300 (77.7%)
	6.2 (-0.2, 12.6)

	CABP Trial 2
	
	
	

	CE
	191/232 (82.3%)
	165/214 (77.1%)
	5.2 (-2,2, 12.8)

	MITT
	231/284 (81.3%)
	203/269 (75.5%)
	5.9 (-1.0, 12.8)


Summary of efficacy findings 

· In the CANVAS phase III clinical studies, ceftaroline monotherapy was found to be safe and efficacious for the treatment of complicated skin and skin structure infections including those caused by MSSA and MRSA, with a clinical cure rate comparable to that of vancomycin plus aztreonam.
· The clinical cure rates with ceftaroline were similar to vancomycin plus aztreonam in patients infected with single or multiple pathogens, across infection types (including cellulitis, major abscess, and infected wound), and between patients with common comorbidities, such as diabetes mellitus and peripheral vascular disease.
· In the FOCUS Phase III clinical studies, ceftaroline monotherapy was efficacious in hospitalized patients with CABP caused by S. pneumonia and subset of patients with S. pneumonia bacteremia, and served as an efficacious, well-tolerated treatment, comparable to ceftriaxone.
Adverse Events (Safety Data)1-3
Ceftaroline was evaluated in four controlled comparative Phase 3 clinical trials; two in ABSSSI (CANVAS 1 and 2) and two in CABP (FOCUS 1 and 2).  There were 1300 adult patients who received ceftaroline 600 mg intravenously every 12 hours and 1297 patients who were treated with comparator treatments (vancomycin plus aztreonam or ceftriaxone) for a treatment period of up to 21 days. 
Common Adverse Events

Pooled data from Phase 3 clinical trials revealed that the most common adverse events that occurred in > 2% of patients receiving ceftaroline were diarrhea, nausea and rash.  No adverse events occurred in greater than 5% of patients receiving ceftaroline.

Table 7: Adverse Events occurring in > 2% of Patients treated with Ceftaroline
	Adverse Event
	Ceftaroline (n= 1300)
	Comparators (n= 1297)

	Diarrhea
	5%
	3%

	Nausea
	4%
	4%

	Constipation
	2%
	2%

	Vomiting
	2%
	2%

	Increased transaminases
	2%
	3%

	Hypokalemia
	2%
	3%

	Rash
	3%
	2%

	Phlebitis
	2%
	1%


Adapted from prescribing information

Other Adverse Events

Additional adverse events that were reported by 1740 patients receiving ceftaroline in clinical trials (including Phase II, III and pharmacology studies) with an incidence less than 2% were anemia, neutropenia, thrombocytopenia, bradycardia, abdominal pain, pyrexia, hepatitis, hypersensitivity, anaphylaxis, Clostridium difficile colitis, hyperglycemia, hyperkalemia, dizziness, convulsions, renal failure and urticaria.
Deaths and Other Serious Adverse Events (Sentinel Events)

Data from the four pooled Phase 3 clinical trials showed that serious adverse events (SAEs) occurred in 98/1300 (7.5%) of patients receiving ceftaroline and 100/1297 (7.7%) of patients receiving comparator agents.  The respiratory and infection system organ classes had the most incidence of SAEs.  In the CANVAS trials, three patients in the ceftaroline group died due to respiratory failure, neck cancer, and cardiopulmonary insufficiency.  In the FOCUS trials, two patients in the ceftaroline group died due to myocardial infarction and multiorgan disorder.   
Tolerability
Treatment discontinuation secondary to adverse events, most commonly hypersensitivity, occurred in 35/1300 (2.7%) of patients receiving ceftaroline and 48/1297 (3.7%) of patients receiving comparator drugs.  Hypersensitivity occurred at a rate of 0.3% in the ceftaroline group and 0.5% in the comparator group.
Contraindications
· Ceftaroline is contraindicated in patients with known serious hypersensitivity (anaphylaxis and anaphylactoid reactions) to ceftaroline or any other members of the cephalosporin antimicrobial class.  

Warnings/Precautions
· Hypersensitivity Reactions:  Ceftaroline, being a fifth generation cephalosporin, may demonstrate cross-sensitivity with other beta-lactams; hence, if cefatraoline is to be administered to a penicillin- or other beta-lactam-allergic patient, caution should be exercised.  
· Clostridium difficile-associated Diarrhea (CDAD):   CDAD has been reported with ceftaroline use, and should be considered in all patients who present with diarrhea following ceftaroline use.  
· Direct Coombs Test Seroconversion:   Seroconversion from a negative to a positive direct Coombs’ test result occurred in 120/1114 (10.8%) of patients receiving ceftaroline and 49/1116 (4.4%) of patients receiving comparator drugs in the four pooled Phase 3 trials.  In the integrated analysis FOCUS 1 and 2 for CABP, 51/520 (9.8%) of ceftaroline-treated patients compared to 24/534 (4.5%) of ceftriaxone-treated patients seroconverted from a negative to a positive direct Coombs’ test result.  No adverse reactions representing hemolytic anemia were reported in any treatment group.  If anemia develops during or after treatment with ceftaroline, drug-induced hemolytic anemia should be suspected and diagnostic studies including a direct Coombs’ test, should be performed.  If proven, the package insert recommends discontinuation of ceftaroline and provision of supportive care to the patient (i.e. transfusion) as clinically indicated. 
· Promotion and Development of Antimicrobial-Resistant Bacteria:  Ceftaroline use in the absence of a proven or strongly suspected bacterial infection is unlikely to provide any benefit to the patient and may promote the development of drug-resistant bacteria.
Pregnancy:  
Category B
Nursing:  
Unknown if ceftaroline is excreted in breast milk
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

	NME Drug Name
	Lexi-Comp
	First DataBank
	USP
	ISMP
	Clinical Judgment

	Ceftaroline fosamil
Teflaro®
	None
None
	None
None
	None
None
	None
None
	Ceftazidime
None


Drug Interactions

Clinical drug interaction studies have not been conducted with ceftaroline.  However, there is minimal potential for drug-drug interactions between ceftaroline and CYP450 substrates, inhibitors, or inducers.
Acquisition Costs
Table 8.Acquisition costs 
	Drug
	Dosea
	Cost ($) /Day/Patient
	Cost ($) for 7-day course of therapy

	Ceftarolineb
	600mg IV every 12 hrs
	$60.50
	$423.50

	Potential Alternatives for complicated skin and skin structure due to MRSA

	Vancomycinb 
	1 gram IV every 12 hrs
	$7.74
	$54.18

	Clindamycin
	900mg IV every 8 hrs
	$26.76/premix bag
$8.25/vial
	$187.32/premix bag
$57.75/vial

	Daptomycinb
	4 mg/kg IV every 24 hrs
	$150.33
	$1,052

	Linezolid
	600mg IV every 12 hrs
	$132.26
	$928.62

	Tigecycline
	100mg load and then 50mg IV every 12 hrs
	$88.95
	$622.65

	Potential Alternatives for community-acquired pneumonia 

	Ampicillin-sulbactam
	1.5-3gm IV every 6 hrs
	$19.34
	$135.41

	Cefotaxime
	1 gram IV every 8 hrs
	$3.33
	$23.31

	Ceftriaxone
	1 gram IV every 24 hrs
	$1.33
	$9.31

	Moxifloxacin 
	400 mg IV every 24 hrs
	$8.78
	$61.46


a Dose based upon 80 kg person and normal renal function for purpose of cost analyses; bCeftaroline 600mg and 400mg vials have the same price, prices obtained June 2011
Pharmacoeconomic Analysis

A pharmacoeconomic analysis of ceftaroline was not found in a review of the published literature.
Conclusions

Ceftaroline is a novel, broad spectrum, fifth generation cephalosporin that received FDA approval for the treatment of adult patients with acute bacterial skin and skin structure infections and community-acquired bacterial pneumonia.  Unlike other cephalosporins, ceftaroline displays potent in vitro activity against MRSA through strong binding affinity to penicillin binding protein 2a.  In the four phase III clinical trials, ceftaroline demonstrated similar clinical cure rates and was proven to be non-inferior to vancomycin/aztreonam and ceftriaxone for the treatment of complicated skin and skin structure infections and community acquired bacterial pneumonia, respectively.  Ceftaroline lacks activity against Pseudomonas aeruginosa and inactivated by ESBL-producing and AmpC-producing organisms.
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	Study Goals
	Evaluate the efficacy and safety of ceftaroline monotherapy compared to vancomycin plus aztreonam therapy for complicated skin and skin structure infections. 

	Methods
	Study Design 

CANVAS 1 and CANVAS 2 (Ceftaroline versus Vancomycin in Skin and Skin-Strucure Infection) were two identical, phase III, international, multicenter, active-controlled, parallel group, randomized, double-blind, clinical trials.   
Study Groups: 

· Ceftaroline (600 mg IV every 12 hours) followed by normal saline placebo 
· Vancomycin (1000 mg IV every 12 hours) followed by aztreonam (1000 mg IV every 12 hours)

Ceftaroline dose was renally adjusted to 400 mg in patients with moderate renal impairment (CrCl > 30 and < 50 ml/min).  Vancomycin dose was renally adjusted based on institutional guidelines and practices.
Therapy was deemed as being “complete” on the basis of investigator:

· Resolution/improvement of all signs and symptoms of infection

· Aztreonam/placebo was discontinued if no gram-negative pathogen was identified/suspected
Study Populations: 
· Modified intent-to-treat (MITT)

· Microbiological modified intent-to-treat (mMITT)

· Clinically evaluable (CE)

· Microbiologically evaluable (ME)

Efficacy/Outcome Measures:
Primary outcome:
· Per-patient clinical cure rate at the test-of-cure visit (8-15 days after last dose of study drug) in CE and MITT populations

Secondary outcomes:
· Per-patient microbiological response

· Per-patient clinical and microbiological response at the test-of-cure visit

· Relapse and re-infection rates at the late follow-up visit (21-35 days after last dose of study drug)
Data Analysis:
· Point estimate for primary outcome assumed to be 85% in both treatment groups; Sample size of 690 patients (345 per treatment group) were required for each study.  Non-inferiority margin set at 10%; power set at 90%; nonevaluable rate of 20%

	Criteria
	Inclusion criteria:
· Age > 18 years

· cSSSI requiring initial hospitalization or treatment in an emergency department and > 5 days of intravenous antimicrobial therapy

· > 3 clinical signs of infection:  Purulent or seropurulent drainage or discharge, erythema, fluctuance, heat or localized warmth, pain or tenderness on palpation, WBC > 10,000 cells/µL, or > 10% immature neutrophils
· cSSSI that met either of the following criteria:
1)  Involving deep soft tissue or requiring significant surgical intervention, such as wound infection with purulent drainage or > 5cm of surrounding cellulitis, major abscess surrounded by  > 2cm of cellulitis, infected ulcer, or cellulitis with surface area of  > 10cm2
2) Cellulitis or abscess of lower extremity in patients with diabetes mellitus or documented peripheral vascular disease
Exclusion criteria:
· Received > 24 hours of antimicrobial treatment within 96 hours before randomization, unless evidence of clinical and microbiological failure after > 48 hours of therapy
· Current pathogen known or suspected to be resistant to vancomycin or aztreonam

· CrCl < 30 mL/min

· cSSSI known or suspected to be caused by Pseudomonas aeruginosa or an anaerobic, fungal, parasitic, or viral pathogen

· Decubitus ulcer, diabetic foot ulcer, or ulcer secondary to peripheral vascular disease accompanied by osteomyelitis or requiring amputation or revascularization within 60 days

· Required surgical intervention that could not be performed within 48 hrs

· Third degree burn or burn covering > 5% of the body

· Human, animal or arthropod bites

· Necrotizing fasciitis or gangrene

· Endocarditis, osteomyelitis or septic arthritis

· Required concomitant antimicrobial therapy or high-dose corticosteroid therapy

	Results
	Enrollment:

· CANVAS 1 enrolled 703 patients (February 2007 – November 2007) and CANVAS 2 enrolled 699 patients (March 2007 – December 2007).  

Demographics:

· Study arms had similar demographic characteristics, type and site of cSSSI, and relevant medical/surgical history. 
· Age > 65 years, 18.1%; age > 75 years; 7.5%
· Predominantly white and male
· 3.6% of all patients had moderate renal impairment requiring dosage adjustments (CrCl > 30 and < 50 mL/min)
Baseline Demographics and Patient Characteristics

Ceftaroline
(n = 693)

Vancomycin + Aztreonam

(n = 685)

Age, median years (range)
48.0 (18-93)
48.0 (18-96)
BMI, median (range)
26.9 (14.1-74.1)
27.4 (16.6-66.5)
Duration of therapy,
mean days + SD
8.3 + 3.2
8.4 + 3.3
Comorbid/Predisposing conditions, no. (%)
Diabetes mellitus

Peripheral vascular disease

Injection drug use
122 (17.6)

93 (13.4)

46 (6.6)

120 (17.5)

93 (13.6)

59 (8.6)

Bacteremia, no. (%)
29 (4.2)
26 (3.8)
Prior antimicrobial tx, no. (%)
276 (39.8)
260 (38)
Median infection area (cm2)
156
150
Infection type (%)

Cellulitis

Major abscess

Infected wound

Other
35.9

34.3

14.7

15.1

39.9

34.2

12.0

13.9
Isolation of MRSAa (%)

40
34
aThe MIC range (µg/mL) was 0.25-2 for ceftaroline and 0.5-2  for vancomycin.
Clinical Cure Rate at the Test-of-Cure Visit

                         Cure rate, # of patients cured/total # of patients (%)

Population
Ceftaroline
Vancomycin+

Aztreonam

Difference
CE (co-primary efficacy endpoint)
559/610 (91.6)
549/592 (92.7)
-1.1 (-4.2 to 2.0)
MITT (co-primary efficacy endpoint)
595/693 (85.9)
586/685 (85.5)
0.3 (-3.4 to 4.0)
ME
Gram-Positive

Gram-Negative

Mixed

Polymicrobial
434/468 (92.7)
348/371 (93.8)

29/34 (85.3)

57/63 (90.5)

125/136 (91.9)
421/446 (94.4)
330/350 (94.3)

24/24 (100)

67/72 (93.1)

134/139 (96.4)
-1.7 (-4.9 to 1.6)
-0.5 (-4.1 to 3.1)

-15.6 (-31.6 to -1.2)

-2.6 (-13.4 to 7.2)

-4.2 (-10.5 to 1.5)
Clinical Response at Test-of-cure by Baseline Pathogen, mMITT Population
Ceftaroline 

n (%)

Vancomycin plus aztreonam

n (%)

Weighted Difference

95% CI

Gram-positives

429/489 (87.7)
420/485 (86.6)
1.1 (-3.1, 5.4)
S. aureus

377/425 (88.7)
356/409 (87)
1.6 (-2.8, 6.1)
MSSA

221/245 (90.2)
233/258 (90.3)
-0.1 (-5.5, 5.2)
MRSA

155/179 (86.6)
124/151 (82.1)
4.4 (-3.4, 12.6)
S. pyogenes

56/63 (88.9)
57/62 (91.9)
-1.8 (-13.3, 9.5)
S. agalactiae

25/27 (92.6)
19/21 (90.5)
NA
S. anginosus group
12/15 (80.0)
16/18 (88.9)
NA
S. dysgalactiae

14/14 (100)
15/17 (88.2)
NA
Gram-negatives

92/108 (85.2)
97/111 (87.4)
-2.2 (11.7, 7.1)
E. coli

21/23 (91.3)
19/21 (90.5)
NA
K. pneumoniae

17/18 (94.4)
14/19 (73.7)
NA
K. oxytoca

10/12 (83.3)
7/8 (87.5)
NA
M. morganii

11/12 (91.7)
5/7 (71.4)
NA
Clincial Cure Rates at Test-of-Cure by Demographics and Baseline Characteristics – CE Population 

Ceftaroline 

(N=610)

n/N (%)

Vancomycin plus aztreonam

(N=392)

n/N (%)

Weighted Difference

95% CI

Diabetes Mellitus

No

463/500 (92.6)

449/482 (93.2)

-0.5 (-3.8, 2.8)

Yes

96/110 (87.3)

100/110 (90.9)

-3.5 (-12.2, 5.0)

Presence of bacteremia

No

532/578 (92.0)

521/564 (92.4)

-0.3 (-3.5, 2.8)

Yes

22/26 (84.6)

21/21 (100)

-15.4 (-33.8, 1.5)

Previous systemic antibacterial usage

Yes

356/377 (94.4)

353/374 (94.4)

0.0 (-3.4, 3.4)
No

203/233 (87.1)
196/218 (89.9)
-2.8 (-8.8, 3.2)
Infection Type

Cellultis 

213/229 (93.0)

222/243 (91.4)

1.7 (-3.4, 6.7)

Abscess

187/205 (91.2)

179/190 (94.2)

-3.0 (-8.4, 2.3)

Infected Wound

73/84 (86.9)

65/73 (89.0)

-2.2 (-12.8, 8.7)

Infected ulcer

48/53 (90.6)
47/50 (94.0)
-3.5 (-15.7, 8.3)
Infected burn

25/25 (100)
18/18 (100)
0 (-13.6, 17.9)
Clinical Outcomes:

· Efficacy of ceftaroline was similar to vancomycin+aztreonam in the CE and MITT populations.
· Similar cure rates for patients with diabetes or peripheral vascular disease
Clinical cure rates in CE population for MRSA bacteremia:
· 85.7% ceftaroline vs. 100% vancomycin+aztreonam; [95% CI -14.3 (-53.5 to 58.4)].  However, more patients in the ceftaroline group had staphylococcal bacteremia (18 vs. 9).
Clinical Failure/Relapse:
· 4/26 patients in the ceftaroline group were classified as having experienced clinical failure (secondary to adverse events, co-infection with resistant pathogen and surgical intervention)

· Clinical relapse at the late follow-up visit was noted in 1.1% ceftaroline group vs. 0.9% of patients in the vancomycin + aztreonam group

Microbiological Efficacy:
· Favorable microbiological responses (ME population) observed in 92.3% ceftaroline vs. 93.7% vancomycin + aztreonam (-1.4%; 95% CI, -4.8% to 2.0%)
· Patients with > 1 gram positive pathogen had similar microbiological responses observed in 93.5% ceftaroline vs. 93.8% vancomycin + aztreonam (-0.3%; 95% CI, -3.7% to 3.1%)
· Patients with > 1 potential gram-negative pathogen, favorable per-pathogen microbiological response achieved in 86.3% ceftaroline vs. 93.6% vancomycin + aztreonam (-7.4%; 95% CI, -16.6% to 1.3%)

	Conclusions
	· Ceftaroline monotherapy is efficacious for the treatment of cSSSI, with a clinical cure rate comparable to that of vancomycin and aztreonam.
· Efficacy of ceftaroline monotherapy was consistent in the various study population (ie, CE, MITT, ME, and mMITT).
· Similar clinical cure rates between patients infected with single or multiple pathogens, across infection types (including cellulitis, major abscess, and infected wound), and between patients with common comorbidities, such as diabetes mellitus and peripheral vascular disease.
· CANVAS 1 and 2 studies serve to provide efficacy data in the context of the current endemicity of MRSA, a crucial cSSSI pathogen
· Vancomycin and aztreonam demonstrated higher favorable microbiological response compared to ceftaroline monotherapy against Gram-negative infection

	Critique
	Study Strengths:
· Phase 3, large, randomized, international, double-blind comparative study
· Baseline characteristics were comparable between both groups
Study Limitations:

· Limited data on efficacy in special populations (ie, patients with CrCL <30ml/min or receiving hemodialysis were excluded from the study).
· No consistency in dosage adjustments for vancomycin as this was a multicenter, international study with different clinical practices at different sites; unknown if patients were appropriately dosed based on actual body weight and renal function


Appendix B:  Summary of Phase III Community-Acquired Bacterial Pneumonia (CABP) Clinical Trials8
	Citation
	File T et al. Integrated Analysis of FOCUS 1 and FOCUS 2: Randomized, Double-Blinded, Multicenter Phase 3 Trials of the Effiicacy and Safety of Ceftaroline Fosamil vs. Ceftriaxone in Patients with Community-Acquired Pneumonia. Clinical Infectious Diseases 2010;51(12):1395-1405

	Study Goals
	Evaluate the efficacy and safety of ceftaroline compared with ceftriaxone for treatment of CABP 

	Methods
	Study Design 
· FOCUS 1 and FOCUS 2: Ceftaroline community acquired pneumonia trial vs ceftriaxone in hospitalized patients
· Two similar, phase III, multinational, multicenter, randomized, double-blind, comparative efficacy and safety clinical trials 
· Compared the efficacy and safety of ceftaroline versus ceftriaxone administered for 5-7 days to adults hospitalized (non-intensive care unit admit) with community acquired pneumonia with Pneumonia Outcomes Research Team (PORT) risk class III or IV
· Randomization was stratified by PORT risk class
Study Groups:  
· Ceftaroline 600 mg IV every 12 hours 
· Ceftriaxone 1 g IV every 24 hours
Ceftaroline dose was renally adjusted to 400 mg in patients with moderate renal impairment (CrCl 31- 50 ml/min)

Difference between FOCUS 1 and Focus 2 trial:

· In Focus 1 trials, patients received 2 doses of oral clarithromycin 500mg adjunctive therapy to enable enrollment from North America.  However, macrolide treatment limited to a 24-hour course.
· Study Populations: 
· Intent to treat (ITT)

· Modified intent-to-treat (MITT)

· MITT Efficacy (MITTE)
· Microbiological MITT Efficacy (mMITTE)
· Clinically evaluable (CE)

· Microbiologically evaluable (ME)
Efficacy/Outcome Measures:
· Primary outcome:
· Per-patient clinical cure rate at the test-of-cure visit (8-15 days after last dose) in CE and MITTE populations

· Secondary outcomes:
· Clinical cure in the microbiologically evaluable (ME) and microbiological MITTE (mMITTE) populations at TOC

· Clinical cure at the end-of-therapy (EOT) visit

· Microbiological outcome at TOC

· Overall (clinical and radiographic) success at TOC

· Clinical and microbiological response by pathogen at TOC

· Clinical relapse at the late follow-up  21–35 days after last dose) visit

· Microbiological reinfection or recurrence at late follow-up
· Safety (incidence of AEs and SAEs)
· Laboratory assessments:

· Multidrug-resistant Streptococcus pneumonia (MDRSP) were defined as strains resistant to > 2 antimicrobial classes (Penicillin, macrolide, tetracycline, fluoroquinolones, chloramphenicol, trimethoprim-sulfamethoxazole, and cephalosporins)
· Patients with infections caused by Legionella pneumophilia, Mycoplasma pneumonia, Chlamydophilia pneumonia were excluded from CE, mMITTE and ME populations
Data Analysis:

· Point estimate for clinical cure rate of 90% in the CE population in both treatment groups. Sample size of 618 patients were required for each study for > 90% power.  Non-inferiority margin set at 10%; nonevaluable rate of 25%.

	Criteria
	Inclusion Criteria:

· Adults > 18 years of age

· Radiographically confirmed CAP requiring hospitalization and treatment with IV antimicrobial therapy

· PORT score 71 to < 130 (PORT risk class III or IV only)

· Acute illness (< 7 days duration) with > 3 clinical signs or symptoms of lower respiratory tract infection:  new or increased cough, purulent sputum or change in sputum character, auscultatory findings consistent with pneumonia , dyspnea, tachypnea, or hypoxemia, temperature > 38oC or hypothermia, WBC > 10,000 cells/mm3 or < 4500 cells/mm3, > 15% immature neutrophils (bands) irrespective of WBC count

Exclusion Criteria:

· PORT risk class I, II, or V

· Admission to an ICU at baseline

· CAP suitable for outpatient therapy with an oral antimicrobial agent

· Confirmed/suspected respiratory tract infection attributed to hospital-acquired or health care-associated pathogens

· Noninfectious cause of pulmonary infiltrates or pleural empyema

· Infection with a pathogen resistant to study medication

· Epidemiologic or clinical likelihood of resistant pathogens including ceftriaxone-resistant organisms

· Risk factors for MRSA infection or predominance of gram-positive cocci in clusters on sputum Gram stain

· Known or suspected infection caused solely by an atypical pathogen (Chlamydophila pneumoniae, Mycoplasma pneumoniae, and Legionella species) at baseline
· Positive Legionella urinary antigen test result at baseline

· Previous therapy with an antimicrobial for treatment of CAP within 96 hours prior to randomization

· Receipt of chronic concomitant systemic corticosteroids > 40 mg of prednisone equivalent

· Severe renal impairment (CrCl < 30 mL/min)

· Significant hepatic disease:  Acute viral hepatitis, AST or ALT > 10-fold the ULN or total bilirubin > 3-fold the ULN, or manifestations of end-stage liver disease, such as ascites or hepatic encephalopathy
· Hematologic disease:  Neutropenia defined as < 500 neutrophils/mm3 or thrombocytopenia defined as platelet count < 60,000 platelets/mm3
· Immunologic disease:  HIV with CD4+ cell count < 200 cells/mm3 or current diagnosis of an AIDS-defining illness

	Results
	Enrollment

· 1240 total patients randomized (614 patients each arm)
· MITTE populations evaluated:

· FOCUS 1: 591 patients (July 2007-June 2009)
· FOCUS 2: 562 patients (January 2008-June 2009)
Baseline demographics
· Mean (+ SD) duration of study drug treatment was:
· CE population: 6.6 + 0.9 days

· MITTE population: 6.5 + 1.1 days

· Overall, 88% patients (293/333) had CAP caused by a typical pathogen only

· No patient had a positive Legionella antigen test
· 12% (40/333) had CAP due to a mixed infection (typical and atypical pathogens)

· Most common pathogens included S. pneumonia (41.7%; 139/333) and S. aureus (16.5%; 55/333)
Baseline Characteristic

Ceftaroline (n = 580)

Ceftriaxone (n = 573)

Age

(Mean years + SD)

60 + 16.4

61.6 + 15.6

Common comorbid conditions, no.(%):

Structural lung disease
Any prior pneumonia

Asthma
160 (27.6)

123 (21.2)

49 (8.4)
147 (25.7)

92 (16.1)

38 (6.6)
PORT risk class, no.(%)

III

IV
360 (62.1)

220 (37.9)
353 (61.6)

220 (38.4)
Bacteremia, no. (%)
23 (4.0)
20 (3.5)
Renal impairment, CrCl (mL/min); no.(%)
Mild (51-80)

Moderate (31-50)
199 (34.3)
88 (15.2)
190 (33.2)
85 (14.8)
Clinical Outcomes
Clinical Cure Rates by Study Population at the Test-of-Cure Visit

Integrated FOCUS

CE
(co-primary efficacy)

MITTE
(co-primary efficacy)

ME

mMITTE

Ceftaroline, no. (%)

387/459 (84.3)

479/580 (82.6)

131/154 (85.1)

138/165 (83.6)

Ceftriaxone, no. (%)

349/449 (77.7)

439/573 (76.6)

111/147 (75.5)

126/168 (75.0)

Weighted treatment difference,  
% (95% CI)

6.7 
(1.6-11.8)

6.0 
(1.4-10.7)

9.7 
(0.7-18.8)

8.7 

(-0.0-17.4)

Clinical Cure Rates by Common Baseline Pathogens at Test-of-Cure Visit in Microbiological Modified Intent-to-Treat Efficacy (mMITTE) Population

Microbiological Pathogen

Ceftaroline group

no. (%)

Ceftriaxone group

no. (%)

Streptococcus pneumoniae

MDRSP
59/69 (85.5)

4/4 (100)

48/70 (68.6)

2/9 (22.2)

S. aureus (MSSA)
S. aureus (MRSA)
18/25 (72)

Not Applicable

18/30 (60)

1/2 (50)

Haemophilus influenzae

17/20 (85)

20/24 (83.3)

Haemophilus parainfluenzae

16/17 (94.1)

15/18 (83.3)

Klebsiella pneumoniae

14/15 (93.3)

10/13 (76.9)

Escherichia coli

10/12 (83.3)

9/13 (69.2)

Clinical Cure Rates in Select Patient Subgroups in Clinically Evaluable Population, no. (%)

Subgroup

Ceftaroline

Ceftriaxone

95% CI

Bacteremia

15/21 (71.4)

10/17 (58.8)

12.6

(-17.6 to 41.6)

PORT risk III

249/287 (86.8)

217/274 (79.2)

7.5 
(1.3-13.8)

PORT risk IV

138/172 (80.2)

132/175 (75.4)

4.7 

(-4.1 to 13.5)

Prior antibiotic treatment

152/185 (82.2)

158/194 (81.4)

0.7 

(-7.2 to 8.6)

No prior exposure to antibiotics

235/274 (85.8)

191/255 (74.9)

11.2 
(4.5-18.0)

Aged >50 years

304/362 (84.0)

278/351 (79.2)

4.8 

(-0.9 to 10.6)

Aged >65 years

195/232 (84.1)

177/219 (80.8)

3.4 

(-3.7 to 10.5)

Aged >75 years

90/111 (81.1)

83/105 (79.0)

3.3 

(-7.4 to 14.1)

Mild renal impairment 

(51-80 mL/min)

133/164 (81.1)

115/151 (76.2)

5.3 

(-3.8 to 14.4)

Moderate renal impairment 

(31-50 mL/min)

62/75 (82.7)

50/63 (79.4)

3.5 

(-9.7 to 17.2)

Microbiological Outcomes:
· Favorable per-patient microbiological response rates in ME population:

· Ceftaroline: 87% (134/154 patients) and Ceftriaxone: 81% (119/147 patients); [6.1%; 95% CI, -2.3% to 14.6%]

· Results consistent in the mMITTE population

· No patient met the criteria for microbiological reinfection or recurrence at late follow-up

	Conclusion
	· Ceftaroline 600mg administered every 12 hours for 5-7 days to hospitalized patients with CAP (PORT risk III or IV) is an efficacious, well-tolerated treatment, comparable to ceftriaxone

· Ceftaroline is efficacious against CAP caused by S. pneumonia and subset of patients with S. pneumonia bacteremia

	Critique
	Strengths:

· Phase 3, large, randomized, international, double-blind comparative study
· Baseline characteristics were comparable between both groups
Limitations:

· Ceftaroline lacks in vitro activity against atypical organisms, which are recommended for empiric coverage for the treatment of CAP according to the IDSA guidelines.
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