Ceftaroline fosamil (Teflaro®; Forest Pharmaceuticals, Inc.)

(Last update July 2011)

Description1
Ceftaroline fosamil (hereby referred to as ceftaroline) is an intravenous prodrug of ceftaroline, a new cephalosporin with an extended gram-positive spectrum approved by the Food and Drug Administration (FDA) in the U.S. in October 2010. Ceftaroline belongs to the beta-lactam class of antimicrobials, and exhibits bactericidal and time-dependent antibacterial properties.  Ceftaroline exerts its actions by binding to bacterial penicillin-binding proteins (PBPs) including PBP2a and PBP2x and disrupting the synthesis of bacterial cell walls.1,2   It has demonstrated bactericidal activity against both gram-positive and gram- negative pathogens.

Indications for Use1
Ceftaroline is approved for treatment of the following infections caused by susceptible isolates of designated bacteria: acute bacterial skin and skin structure infections (ABSSSI) caused by methicillin- susceptible and methicillin-resistant Staphylococcus aureus (MSSA, MRSA), Streptococcus pyogenes, Streptococcus agalactiae, Escherichia coli, Klebsiella pneumoniae, and Klebsiella oxytoca; and community-acquired bacterial pneumonia (CABP) caused by MSSA, Streptococcus pneumoniae, Haemophilus influenzae, Klebsiella pneumoniae, Klebsiella oxytoca, and Escherichia coli.

Spectrum of Antimicrobial Activity – In vitro2
Ceftaroline has in vitro activity against gram-positive organisms including MRSA and vancomycin- intermediate and resistant Staphylococcus aureus (VISA and VRSA), penicillin- and cephalosporin- resistant Streptococcus pneumoniae, macrolide-resistant Streptococcus pyogenes as well as respiratory gram-negative pathogens such as Haemophilus influenzae and Moraxella catarrhalis but excluding extended-spectrum beta-lactamase (ESBL) microorganisms such as Klebsiella pneumoniae and Escherichia coli (See Appendix A). For many isolates, ceftaroline has lower minimal inhibitory concentrations compared to other antimicrobial agents.3   Ceftaroline has minimal or no activity against Enterococcus species, Pseudomonas aeruginosa, AmpC beta-lactamase producers, Bacteroides fragilis, and Clostridium difficile (See Appendix A).

Contraindications1
Ceftaroline is contraindicated in patients with serious hypersensitivity reactions to ceftaroline or other cephalosporin antimicrobials.

Study Results
Ceftaroline has been evaluated in multiple randomized, double-blinded, multicenter phase 3 clinical trials for community-acquired pneumonia and skin and skin-related infections. The study populations were largely comprised of older (>50 years old) Caucasian males from Europe and overseas.1,4,5

In the treatment of CABP, ceftaroline demonstrated non-inferiority compared to ceftriaxone, a second generation cephalosporin commonly used to treat CABP, with an overall clinical cure rate of 82.6% in the modified intent-to-treat population.4   In the integrated analyses of two phase 3 clinical trials consisting of 1231 total patients including 23 U.S. patients, ceftaroline efficacy was consistent in each of the subset populations (CE, MITTE, ME, mMITT) used for safety and efficacy evaluations. Differences in cure rates in the CE, ME, and mMITTE populations were statistically significant in favor in ceftaroline in the FOCUS 1 study, but were insignificant in FOCUS 2. Clinical cure rates in the ME population for S. pneumoniae and MSSA, the most common pathogens isolated at baseline, were 85.5% and 72% for ceftaroline and 69.5% and 55.6% for ceftriaxone, respectively.  Ceftaroline had a cure rate of 100% against the 4 isolates of multi-drug resistant S. pneumoniae found in the ME population versus 25% for ceftriaxone. Positive microbiological response was observed in 87% and 81% of the ceftaroline and ceftriaxone ME population, respectively, with a weighted treatment difference of 6.1% (95% CI -2.3, 14.6). Patients in both study arms had low rates of relapse of 1.9% for ceftaroline and 1.2% for ceftriaxone in the CE population. No one experienced microbiological reinfection or recurrence at the late follow-up visit. During the study, 15

patients in the ceftaroline group died versus 12 patients in the ceftriaxone group. One death in each group was thought to be related to the study drug.

In the treatment of complicated skin and skin-structure infections, ceftaroline demonstrated non-inferiority compared to vancomycin +/- aztreonam in two phase 3 clinical trials consisting of 1396 total patients.5   The mean treatment duration was 8 days. The most common types of skin-related infections encountered were cellulitis, major abscess, and infected wounds with S. aureus being the most common pathogen isolated from the primary infection site. Clinical cure rates were not affected by infection type with comparable efficacy cure rates were retained when abscesses were excluded from analysis. Ceftaroline demonstrated efficacy rates for monomicrobial and polymicrobial infections similar to that of vancomycin ± aztreonam. The trials included skin-related infections associated with diabetes mellitus and peripheral vascular disease (PVD), but excluded diabetic foot ulcers, decubitus ulcers, and PVD-related ulcers likely to require amputation or revascularization within 60 days. In the subgroup analysis, similar cure rates were observed in patients with diabetes and PVD between ceftaroline and vancomycin +/- aztreonam. Bacteremia was present in 47 patients with staphylococcal bacteremia being the most common. Clinical cure rates for bacteremia were 84.6% with ceftaroline and 100% with vancomycin +/- aztreonam (95% CI -33.8, 1.5).
Positive microbiological response was achieved in 92.3% and 93.7% of the ceftaroline and ceftriaxone groups, respectively, with a difference of -1.4% (95% CI -4.8, 2).  Patients in both study arms of the CE population had low rates of clinical relapse of 1.1% and 0.9% for ceftaroline and ceftriaxone, respectively. Vancomycin +/- aztreonam had higher microbiological response rates for gram-negative infections compared to ceftaroline given ceftaroline’s relatively poor coverage of Pseudomonas and Proteus.
Ceftaroline had similar efficacy rates against non-ESBL E. coli and K. pneumoniae against as aztreonam.

However, as stated in the prescribing information, due to changes in the FDA’s drug approval process requiring historical evidence to support the treatment effect of antibacterials compared to placebo, clinical cure rates at the test-of-cure visit cannot be used to establish non-inferiority to comparators for either indication because there was insufficient historical data.1

Adverse Reactions
Ceftaroline appears to be a relatively well-tolerated drug and adverse effects tend to be mild.1,2   When all
the phase 3 clinical trials were pooled, no adverse effect occurred in >5% of the patients that received ceftaroline. Adverse reactions that occurred in >2% of the pooled patients from the 4 clinical trials were diarrhea, nausea and vomiting, constipation, increased transaminases, hypokalemia, rash, and phlebitis with diarrhea, nausea, and rash being the most common.1   The frequency of adverse events was comparable to comparator arms, and authors of the clinical trials concluded that ceftaroline’s side effect profile was similar to that of other cephalosporins.4,5   Only 2.7% of patients discontinued ceftaroline due to an adverse        drug event with hypersensitivity being cited as the most common reason.1

Serious adverse events occurred in 7.5% of patients and were primarily respiratory or infectious in nature. Hypersensitivity reactions, Clostridium difficile-associated diarrhea, direct Coombs test seroconversion, and cytopenias have also been reported.1

Drug Interactions
Clinical studies on ceftaroline drug-drug interactions have not yet been conducted.  Ceftaroline did not inhibit or induce major cytochrome P450 isoenzymes or appeared to be metabolized by human liver microsomes in in vitro studies.1,2   Therefore, the manufacturer estimates the potential for cytochrome P450 interactions is low given ceftaroline is primarily cleared renally. Prescribing information also notes a low potential for interactions with drugs that undergo active renal secretion or alter renal blood flow.1

Medication Safety
Ceftaroline is classified with a pregnancy risk of Category B.1   Ceftaroline should be used with caution in patients who are nursing because it is currently unknown whether it is excreted in human breast milk.
Potential look-alike sound-alike medication issues with ceftaroline (Teflaro®) include other cephalosporins and brand name hydroquinone topical emulsion, Aclaro®.6   Ceftaroline is considered a low-risk hazardous drug given its safe adverse effect profile, lack of special preparation requirements, and low potential for reproductive risk.1   Other cephalosporin antibiotics are also generally low-risk drugs.

Dose and Administration
Ceftaroline fosamil is typically dosed at 600mg every 12 hours administered intravenously (IV) as an

	Renal Dose Adjustment

	CrCl >50
	CrCl 30-50
	CrCl 15-29
	CrCl <15 or HD
	CRRT

	600mg IV q 12hr
	400mg IV q 12hr
	300mg IV q 12hr
	200mg IV q 12hr
	No Data


infusion over 1 hour. Lower doses should be used in patients with moderate (CLCr=31~50mL/min) to severe (CLCr <30mL/min) renal dysfunction and should be administered post-dialysis on dialysis days.1 Duration of therapy varies by indication and clinical progress; although the recommended total duration of antimicrobial therapy for ABSSSI is 5-14 days and 5-7 days for CABP.4,5


Availability and Cost
Ceftaroline fosamil is available in 600mg or 400mg single-use 20mL vials as a sterile powder for reconstitution for IV administration. Vials should be stored under refrigeration.1

	
	Regimen
	Cost/Dose
	Cost for 2 weeks

	Ceftaroline fosamil
	600mg Q12hr
	$39.36
	$1102.08

	Ceftriaxone (Advantage)
	1gm Q24hr
	$5.04
	$70.56

	Vancomycin (Advantage)
	1gm Q12hr
	$5.27
	$147.56

	Daptomycin 4mg/kg (70kg patient)
	280mg Q24hr
	$130.60
	$1,828.40

	Daptomycin 4mg/kg (100kg patient)
	400mg Q24hr
	$186.57
	$2,611.98

	Linezolid (IV)
	600mg Q12hr
	$102.82
	$2,878.96

	Linezolid (PO)
	600mg Q12hr
	$66.74
	$1,868.72


*Reflection of drug costs only and does not include cost of labs such as drug (i.e. vancomycin) levels.

Conclusion
Based on its spectrum of activity and its relative cost saving compared to other MRSA-active agents besides vancomycin, ceftaroline may have a niche in the treatment of multi-drug resistant gram positive microorganisms such as Staphylococcus aureus and Streptococcus pneumoniae.

Clinical trials have demonstrated that ceftaroline are effective in the treatment of complicated skin and soft tissue infections including MRSA infections and possibly related bacteremias, and may play a role as an alternative agent.

Recommendations

Ceftaroline was added to the UMHS formulary in 2011 with restriction to Infectious Diseases approval for the following criteria:

· Treatment of complicated skin and soft tissue infections with suspected or confirmed MRSA in patients with vancomycin intolerance or with a vancomycin non-susceptible isolate.
· Treatment alternative for documented polymicrobial skin and soft tissue infections with MRSA and ceftaroline-susceptible gram negative microorganism(s).

Ceftaroline should not be prescribed for the treatment of infections with anaerobes or nosocomial gram- negative pathogens (Pseudomonas, Enterobacter, Citrobacter, Serratia, Acinetobacter, etc).
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Integrated Clinical Cure Rates

CPT, %
CTX, %
WTD, % (95% CI)
CE
84.3
77.7
6.7 (1.6, 11.8)
MITTE
82.6
76.6
6 (1.4, 10.7)
ME
85.1
75.5
9.7 (0.7, 18.8)
mMITTE
83.6
75
8.7 (0, 17.4)

AEs Occurring ≥2%

CPT,
%
CTX,
%
Diarrhea
4.2
2.6
HA
3.4
1.5
Insomnia
3.1
2.3
Phlebitis
2.8
2.1
HTN
2.3
2.6
HypoK
2.3
2.4
Nausea
2.3
2.3
Any
47
45.7
SAE
11.3
11.7
D/C
4.4
4.1
Death
2.4
2

Clinical Cure Rates in CE Popn
Subgroup
CPT, %
CTX, %
WT
BSI
71.4
58.8
ns
Prior abx
82.2
81.4
ns
No prior abx
85.8
74.9
11.2*
>50yo
84
79.2
ns
PORT risk III
86.8
79.2
7.5*
PORT risk IV
80.2
75.4
ns

Clinical Relapse at LFU

CPT, %
CTX, %
WTD, % (95% CI)
CE
1.9
1.2
0.7 (-1.4, 2.9)
MITTE
1.7
1.1
0.5 (-1.2, 2.3)


	STUDY DESIGN
	DRUG/DOSAGE
	N
	STUDY ENDPOINTS
	EFFICACY
	TOLERABILITY
	REF
	

	CAP STUDY

2 similar prospective, randomized, phase 3, DB, MC, IN

Pt popn: Adult, hospitalized, non- ICU patients with CAP of PORT risk class III/IV

Exclusions:
a. Risk for MRSA infxn
b. Only atypical pathogen infxn
c. Previous abx for CAP within 96hrs before randomization
d. chronic concomitant systemic steroids
>40mg prednisone or equivalent
e. hematologic, immunologic disease
	FOCUS 1
CPT 600mg Q12hr** CTX 1gm Q24hr

Duration: x5-7 days

Clarithromycin 500mg Q12hr x2 doses on day 1 (for N. Amer)
	MITTE
Popn: CPT : 291
CTX: 300
	Primary
a. Clinical cure rate in CE and MITTE popn at TOC visit

Secondary
TOC visit:
	Non-inferiority: 95% CI lower bounnd is ≥-10%
	
	File, et al
	

	
	
	
	a. clinical cure in ME and mMITTE popn
b. micro outcomes
c. overall clinical and radiographic success
d. clinical and micro response by pathogen

EOT visit:
a. clinical cure

LFU visit:
a. clinical relapse
b. micro re-infxn or recurrence

Other:
a. safety in MITT
	























*95% CI does not cross 1






0 pts experienced microbiological re-infxn or recurrence at LFU
	








· Of AEs occurring ≥3%, diarrhea was the only AE deemed related to CPT

· One death in each group was deemed attributable to study drug
	
	

	
	FOCUS 2
CPT 600mg Q12h** CTX 1gm Q24h

Duration: x5-7 days
	MITTE
Popn: CPT : 289
CTX: 273
	
	
	
	
	

	STUDY DESIGN
	DRUG/DOSAGE
	N
	STUDY ENDPOINTS
	EFFICACY
	TOLERABILITY
	REF



AEs Occurring ≥2%

CPT, %
V+A, %
Nausea
5.9
5.1
HA
5.2
4.5
Diarrhea
4.9
3.8
Pruritis
3.5
8.2
Rash
3.2
2.5
Vomit
2.9
2.6
Consti- pation
2.6
2.6
Insomnia
2.5
2.5
Dizzy
2
1.2
↑LFTs
2.2
3.6
HypoK
1.4
2.2
Pyrexia
1.3
2.3
Any
44.7
47.5
SAE
4.3
4.1
D/C
3
4.8
Death
0.4
-

Integrate Clinical Cure Rates

CPT, %
V+A,
%
Difference, % (95% CI)
CE
91.6
92.7
-1.1 (-4.2, 2)
MITT
85.9
85.5
0.	(-3.4, 4)
ME
92.7
94.4
-1.7 (-4.9, 1.6)
G+ only
93.8
94.3
-0.5 (-4.1, 3.1)
G- only
85.3
100
-15.6 (-31.6, -1.2)
Polymic
91.9
96.4
-4.2 (-10.5, 1.5)
DM
87.3
90.9
-3.5 (-12.2, 5)
PVD
88.9
89.3
-0.2 (-10, 9.7)
BSI
84.6
100
-15.4 (-33.8, 1.5)
Relapse
1.1
0.9
0.2 (n/a)

Clinical Cure Rates in mMITT Popn

CPT, %
V+A, %
MRSA
86.6
82.1
MSSA
90.2
90.3
S. pyogenes
88.9
91.9
S. agalactiae
92.6
90.5
E. faecalis
71.4
82.1
E. coli
91.3
90.5
P. aeruginosa
80
88
P. mirabilis
68.8
87
K. pneumoniae
94.4
73.7


	SSTI STUDY

2 identical prospective, randomized, phase 3, DB, MC, IN. Pt
popn: Adults, cSSSI infxn need ≥5d IV abx

cSSSI: involves deep soft tissue or require surgical intervention or lower extremity cellulitis or abscess in pts with DM or PVD

Exclusions:
a. Pseudomonal or anaerobic, fungal, parasitic, viral cSSSI infxn
b. Human or animal bite
c. Surgical intervention occurred >48hrs d.Necrotizing fasciitis, gangrene
e. 3rd degree burn
>5% body
f. Concomitant high-dose CS / abx
g. Decubitus, diabetic foot, or PVD ulcer likely to need amputation
	CPT 600mg Q12hr**

Vancomycin† 1gm + aztreonam 1gm Q12hr

Duration: x5-14 days
	CANVAS 1
CPT: 353 V+A:349
	Primary
a. Non-inferiority of clinical cure rate in CE and MITT popn at TOC

Secondary
TOC visit:
	Mean treatment duration = 8 days

Non-inferiority: 95% CI lower bound is ≥-10%
	
	Corey, et al

	
	
	
	a. micro response by patient
b. clinical and micro response by pathogen

LFU visit:
a. clinical relapse
b. micro re-infxn or recurrence
	








No differences in cure rate stratified by the major cSSSI type encountered: cellulitis, major abscess, and infected wound.
	













AEs occurring ≥3% related to drug: pruritis, nausea, diarrhea

Most common reason for drug discontinuation: possible allergic reaction

Causes of death (N=3) in CPT group: respiratory failure, neck cancer, and cardiopulmonary insufficiency
	

	
	
	CANVAS 2
CPT: 348
V+A: 346
	
	
	
	


Study Legend
**Adjusted to 400mg IV Q12 for CLCr 31-50mL/min (calculated by Cockcroft and Gault)

†Adjusted per institutional specific guidelines or local prescribing patterns

Clinical cure = improvement or resolution of signs and symptoms that did not require additional antimicrobial therapy Clinical cure ≥72hrs of treatment; clinical failure ≥48hrs of treatment
Recurrence = same baseline pathogen Reinfection = isolation of new pathogen


AE=adverse effect Abx=antibiotics BSI=bacteremia
CAP=community acquired pneumonia CE=clinically evaluable CI=confidence interval CLCr=clearance creatinine CPT=Ceftaroline
CS=corticosteroids
cSSSI=complicated skin and skin-structure infection CTX=Ceftriaxone
DB=double-blind
D/C=discontinuation due to adverse event DM=diabetes mellitus
EOT=end-of-therapy
G+/-=gram positive/negative HA=headache
hr=hour HTN=hypertension hypoK=hypokalemia ICU=Intensive care unit Infxn=infection IV=intravenous
LFU=late follow-up (21-35d after last dose) MC=multi-center
ME=microbiologically evaluable IN=international LFTs=transaminases Micro=microbiological MITT=modified intent-to-treat
MITTE=modified intent-to-treat efficacy mMITTE=microbiological modified intent-to-treat efficacy
MRSA=methicillin-resistant staphylococcus aureus MSSA=methicillin-susceptible staphylococcus aureus
ns=not significant Pt=patient
PNA: pneumonia Polymic=polymicrobial

Popn=population
PORT=Pneumonia Outcomes Research Team PVD=peripheral vascular disease REF=reference
TOC=test-of-cure (8-15d after last dose) WTD=weighted treatment difference

APPENDIX A:
In Vitro Activity of Ceftaroline Against Gram-Negative Organisms
	
Organism
	No. of Isolates
	MIC50
(μg/ml)
	MIC90
(μg/ml)
	MIC Range (μg/ml)

	
Moraxella catarrhalis
	
127
	
0.06
	
0.12–0.25
	
≤ 0.016–0.5

	Neisseria sp
	413
	≤ 0.016–0.125
	≤ 0.016–0.25
	0.002–1

	Proteus mirabilis
Wild type
	
20
	
0.12
	
0.12
	
0.03–4

	ESBL–producing
	10
	> 32
	> 32
	4 to > 32

	Escherichia coli
Wild type
	
20
	
0.06
	
0.12
	
≤ 0.016–0.25

	ESBL–producing
	15
	> 32
	> 32
	0.5 to > 32

	Ceftazidime S
	345
	0.06
	0.5
	≤ 0.03 to > 16

	Ceftazidime NS
	63
	> 16
	> 16
	2 to > 16

	Klebsiella sp
Wild type
	
21
	
0.06
	
0.5
	
0.03–4

	ESBL–producing
	15
	> 32
	> 32
	32 to > 32

	Ceftazidime S
	210
	0.06
	0.25
	≤ 0.03 to > 16

	Ceftazidime R
	66
	> 16
	> 16
	1 to > 16

	Haemophilus influenza
β-Lactamase negative
	
621
	
≤ 0.008–0.016
	
≤ 0.008–0.016
	
≤ 0.008–1

	β-Lactamase positive
	150
	≤ 0.008–0.016
	0.03–0.12
	≤ 0.008–2

	Citrobacter freundii
	20
	0.12
	2
	0.06–32

	Ceftazidime S
	50
	0.12
	0.25
	0.06–16

	Ceftazidime NS
	33
	> 16
	> 16
	4 to > 16

	Enterobacter sp
Wild type
	
23
	
0.12
	
32
	
0.03–32

	ESBL–producing
	15
	> 32
	> 32
	4–32

	Ceftazidime S
	50
	0.12
	1
	≤ 0.03 to > 16

	Ceftazidime NS
	35
	> 16
	> 16
	0.12 to > 16

	Serratia marcescens
	79
	0.5
	2–16
	0.12 to > 16

	Pseudomonas aeruginosa
	20
	16
	< 32
	4 to > 32

	
Acinetobacter sp
	20
	16
	> 32
	2 to > 32

	Imipenem S
	47
	4
	> 16
	≤ 0.03 to > 16

	Multidrug resistant
	16
	> 16
	> 16
	8 to > 16

	Stenotrophomonas maltophilia
	10
	> 32
	> 32
	32 to > 32


MIC = minimum inhibitory concentration; MIC50 and MIC90 = MIC for 50% and 90%, respectively, of tested strains; ESBL = extended-spectrum β-lactamase; S = susceptible; NS = nonsusceptible; R = resistant.
.
From: Steed ME and Rybak MJ. Ceftaroline: A new cephalosporin with activity against resistant gram-positive pathogens. Pharmacotherapy, 2010; 30(4):375-389.
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