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NDA 200327 Microbiology Review # 1

Product Quality Microbiology Data Sheet

A.

1. TYPE OF SUBMISSION: Original NDA

2. SUBMISSION PROVIDES FOR: =~ ®® 4ryug product developed for
the treatment of complicated skin and skin structure infection and
community-acquired bacterial pneumonia.

3. MANUFACTURING SITE:
+¢ Intermediate bulk is manufactured by
++ Ceftaroline fosamil for Injection is manufactured by Facta
Farmaceutici S.p.A, Termo, Italy.

(b) (4)

4. DOSAGE FORM, ROUTE OF ADMINISTRATION AND
STRENGTH/POTENCY: The clinical dose for ®) A is 600 mg
(adjusted to 400 mg for moderate renal impairment) everyl2 hours by IV
infusion administered over 1 hour in adults >18 years of age for 5 to 14
days for the treatment of ¢cSSSI and 5 to 7 days for the treatment of CABP.
The drug product (DP) is a sterile powder for injection containing a blend
of ceftaroline fosamil and L-arginine. DP strengths per vial are 400 mg

and 600 mg of ceftaroline fosamil (anhydrous. By @)y
5. METHOD(S) OF STERILIZATION: ®) 4
6. PHARMACOLOGICAL CATEGORY: (®) ) i5 indicated for the

treatment of complicated skin and skin structure infection (cSSSI) and
community-acquired bacterial pneumonia (CABP) caused by designated
susceptible bacteria.

SUPPORTING/RELATED DOCUMENTS: DMFS

DMF (b) (4) (OGD micro review 01, Paul Dexter,
October/9/2008).
DMF (b) (4) processes at (b) (4)

(OGD micro review 01, Stevens-Riley, Marla, November 20, 2007.

REMARKS: This application is being submitted for the use of (B) (4
(ceftaroline fosamil for injection) for intravenous (IV) administration, in
accordance with Section 505 (b) (1) of the Federal Food Drug and Cosmetic Act
and Section 314.50 of the United States Code of Federal Regulations.

filename: N200327R1
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NDA 200327

Microbiology Review # 1

Executive Summary

I Recommendations

A.

Recommendation on Approvability — Recommended for
approval.

Recommendations on Phase 4 Commitments and/or
Agreements, if Approvable — N/A

II. Summary of Microbiology Assessments

A.

B.

C.

Brief Description of the Manufacturing Processes that relate to
Product Quality Microbiology —

Intermediate Drug Bulk Product is manufactured at @@ and the
process consists of BY@ of ©@ DS apd W1
arginine (R0

Final Drug product 1s
manufactured at Facta Farmaceutica and manufacturing process
merely consists of (b) (4)

Fimished Product Ceftaroline fosamil for
Injection, 400 mg/vial and 600 mg/vial.

Brief Description of Microbiology Deficiencies - None

Assessment of Risk Due to Microbiology Deficiencies — N/A

II1. Administrative

A.

Reviewer's Signature

Vinayak B. Pawar, Ph.D., NDMS, OPS, CDER

Endorsement Block

Bryan S. Riley, Ph.D., NDMS, OPS, CDER

CC Block
N/A

17 Pages Withheld in Full as b4 (CCI/TS) immediately following this page.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Date Company Submitted: 12-30-2009
Date received by CDER: 12-30-2009
Date Assigned: 12-30-2009

Reviewer: Avery Goodwin, Ph.D.

NAME AND ADDRESS OF APPLICANT:
Cerexa Inc.

1751 Harbor Bay Parkway

Alameda, CA 94502

Tel No: 510-747-3900
FAX: 510-747-3940

CONTACT PERSON:
Mary O’Hara-Zimmerman
Tel No: 510-747-3974
Fax No: 510-747-3940

DRUG PRODUCT NAMES:

Proprietary Name: TEFLARO®

Non-Proprietary Name: PPI-0903 and TAK-599

Established Name: Ceftaroline acetate

Chemical Name: pyridinium, 4-[2-[[(6R,7R)-2-carboxy-7-[[(2Z)-(ethoxyimino)[5-(phosphonoamino)-1,2,4-
thiadiazol-3-yl]acetyl]amino]-8-ox0-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl]thio]-4-thiazolyl]-1-methyl-, inner
salt, monoacetate,monohydrate

Molecular Weight: 762.75

Empirical Formula: C;4H,7NgO;,PSy

Structural Formula:
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PROPOSED DOSAGE FORM, STRENGTH, ROUTE OF ADMINISTRATION AND DURATION OF
TREATMENT

Dosage form: liquid (made from powder for injection)

Strength: 600 mg

Route of administration: IV; 1 hour infusion

Dosage: 600 mg IV administered every 12 hours

Duration: > 5 days
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS - -520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

PROPOSED INDICATION:

DISPENSED:
Rx

RETLATED SUBMISSION REVIEWED:
IND 71,371

TYPE OF SUBMISSION:
New Drug Application (NDA)

PURPOSE OF SUBMISSION:
The Applicant seeks the approval for the use of use of ceftaroline for the treatment of community acquired
bacterial pneumonia (CABP), and complicated skin and skin structure infections (¢SSSI).

SUMMARY AND RECOMMENDATIONS:

Based on the clinical microbiology data submitted by the Applicant, this NDA submission may be approved,
provided that the Applicant makes the changes in the microbiology subsection of the proposed label
recommended by the Agency.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Based on the Applicant’s data which includes MIC population distribution for the target organism, animal data,
and human and animal studies that include PK/PD data, the following susceptibility breakpoints are proposed
by the Agency (Table 2).

Susceptibility Test Interpretive Criteria for Ceftaroline

Minimum Inhibitory Disk Diffusion (zone
Concentrations . .
Pathogen and Isolate (meg/mL) diameter in mm)
Source
S I R S I R

Saphylococcus aureus
(includes methicillin-
resistant isolates only for <1* — — >24 — —
skin isolates) See NOTE
below
Streptococcus agal actiae’
(skin isolates only) <0.015
Streptococcus pyogenes'
(skin isolates only) <0.004
Streptococcus
pneumonia€e’ (lower < o o o o
respiratory tract isolates =0.008
only)
Enterobacteriaceae’ <025 | 051 | =2 | =24 | 2023 | <19

S = susceptible, I = intermediate, R = resistant

NOTE: Clinical efficacy of ceftaroline to treat lower respiratory tract infections such as community-acquired bacterial
pneumonia due to methicillin-resistant S. aureus has not been shown in adequate and well controlled clinical trials (see
“Clinical Trials” section 14)

*The current absence of resistant isolates precludes defining any results other than "Susceptible". Isolates yielding MIC
results other than “Susceptible” should be submitted to a reference laboratory for further testing.

® Clinical efficacy was shown for the following Enterobacteriaceae: Escherichia coli, Klebsiella oxytoca, and Klebsiella
pneumoniae

The data submitted by the Applicant supports the inclusion of the following organisms in the CLINICAL INDICATIONS
section of the label:

For c¢SSSI:

Staphylococcus aureus” (including methicillin-resistant isolates) for cSSSI
S pyogenes

S agalactiae

Enterobacteriaceae”
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

P Efficacy was shown for the following Enterobacteriaceae: Escherichia coli, Klebsiella pneumoniae, and
Klebsiella oxytoca

For CABP:

Saphylococcus aureus (excluding methicillin-resistant isolates)

S pneumoniae

Enterobacteriaceae”

P Efficacy was shown for the following Enterobacteriaceae: Escherichia coli and Klebsiella pneumoniae.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520

CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

EXECUTIVE SUMMARY

Antimicrobial Spectrum of Activity

The Applicant has submitted data from large prospective surveillance studies and other investigator studies to
support the claim that ceftaroline demonstrates in vitro activity against pathogens associated with complicated
skin and skin structure infections (cSSSI), and community acquired bacterial pneumonia (CABP). Surveillance
studies included S aureus from Europe and the USA and isolates that tested positive for the Panton-valentine
leukocidin (pvl) gene, heterogeneous vancomycin-intermediate (hVISA), vancomycin-intermediate (VISA),
vancomycin-resistant (VRSA), quinupristin/dalfopristin non-susceptible, tetracycline-resistant, mupirocin-
resistant, linezolid-resistant, daptomycin nonsusceptible and fluoroquinolone-resistant isolates. The MICy
values ranged from 0.12-2pug/ml against all staphylococci tested. A comparison between USA and European
isolates show that the MICy, values against European methicillin susceptible S aureus isolates were 0.5
mcg/mL or 1 dilution higher than USA MSSA isolates. Against MRSA, the ceftaroline MICy, was reported to
be 1 mcg/mL for US isolates. MICy values against USA and Europe coagulase-negative staphylococci isolates
were 0.5 mcg/mL and 1 meg/mL, respectively.

Ceftaroline in vitro is active against S pneumoniae, including penicillin-intermediate and —resistant isolates.
MICy, values ranged from as low as 0.004 — 0.025 mcg/mL against all S, pneumoniae isolates. Ceftaroline
MICy, values were <0.016 mcg/mL for some B-hemolytic streptococci isolates. Against penicillin-resistant
viridans group streptococci, ceftaroline MICqq values were 1 mcg/mL. Ceftaroline activity was also assessed
against bacteria belonging to the Enterobacteriaceae family from Europe and the USA. The Applicant’s data
showed that ceftaroline demonstrated activity with MICs ranging from < 0.016 mcg/mL to >32 mcg/mL against
all tested isolates of the Enterobacteriaceae family. Drastically decreased efficacy was observed against AmpC
and ESBL producers and ceftazidime non-susceptible Enterobacteriaceae isolates such as K. pneumoniae, K.
oxytoca, E. coli, Enterobacter cloacae, and E. aerogenes.

Mechanism of Action

Investigations into the activity of ceftaroline support the claim that it binds to penicillin binding proteins (PBPs)
in bacteria. In S aureus, there are four natural PBPs (PBP1-4) and ceftaroline was shown to bind to all, with the
highest affinity to PBP2a. A principle factor of the broad-spectrum f-lactam resistance in MRSA isolates is the
penicillin-binding protein 2a (PBP2a). PBP2a has low affinity for B-lactam and thus provides transpeptidase
activity to allow cell wall synthesis at B-lactam concentrations that inhibit the B-lactam-sensitive PBPs normally
produced by S. aureus. There are six known PBPs in S pneumoniae; the data suggest that ceftaroline binds to
PBP 3, 1A, 2X, 1B and 2A/B and are considered the primary target of ceftaroline. Ceftaroline has high affinity
for PPB2x in S. pneumoniae.

Mechanism of Resistance

Mechanisms of B-lactam resistance in staphylococci may include the production of B-lactamase and

modification of the PBP target by either gene acquisition of an exogenous PBP or target alteration. Streptococci
resistance to B-lactams is mediated via alterations in the B-lactam-binding site of the PBP1a, PBP2b and PBP2x.
Mutations resulting in changes in the active binding sites may correlate with decrease affinity for f-lactams and
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

increase MIC. In Gram negative organisms, the predominant mode of B-lactam resistance is the production of -
lactam hydrolyzing enzymes such as extended spectrum B-lactamases (ESBLs). Ceftaroline is hydrolyzed or
inactivated by isolates producing ESBLs and AmpC B-lactamase positive bacteria. AmpC B-lactamases have
been frequently identified in Gram-negative organisms, of which there are two types plasmid-mediated and
chromosomal or inducible AmpC.

Resistance Studies

The in vitro studies described within this review indicate a low propensity among some bacteria for the
development of ceftaroline resistance following serial passage experimental studies compared with comparator
agents. The in vitro studies show that the MIC of ceftaroline for Staphylococcus aureus (MRSA) did not change
during 10 serial passages, while the MIC of rifampin increased after 5 passages. In another study, after 10 serial
passages, a 2-fold change in ceftaroline MIC was observed for S. aureus and S. pneumoniae isolates, with the
exception of S pneumoniae isolate 884 whose MIC increased 4-fold (from 0.12 to 0.5 mcg/mL). Against
Enterococcus faecalis isolates, the ceftaroline MIC increased 4-fold (from 2 to 8 mcg/mL) while a 16-fold
increase in the MIC was reported for rifampin. Additionally, the MIC for rifampin increased 16-fold for S
pneumoniae 884 and 16,000-fold for MRSA 2053. Against another comparator, vancomycin, the MIC increased
4-fold for S pneumoniae 884; and for levofloxacin, the MIC increased 8-fold for MRSA 2202 and S
pneumoniae 3130 and 128-fold for MSSA 753.

The Applicant has submitted additional in vitro data that show the propensity of ceftaroline to induce AmpC, a
B-lactam hydrolyzing enzyme. The production of AmpC has been reported in a variety of Enterobacteriaceae
and non-fermentative Gram negatives such as Pseudomonas auregunosa. AmpC induction may complicate the
use of B-lactams for the treatment of infections caused by members of the Enterobacteriaceae group of bacteria.

Post Antibiotic Effect

Based on the data provided, ceftaroline would be expected to have a post antibiotic activity (PAE) ranging from
0.8 to 7.2 hours for S. aureus and lower for S. pneumoniae and E. coli. The duration of the PAE is species
specific and dependent on the drug used. The bactericidal activity was observed at greater than or equal to two-
times the MIC with bactericidal effects (> 3-log) killing) occurring within 8 to 24 hours.

Effect of Testing Factors on In Vitro Antimicrobial Activity

The Applicant has submitted data which summarizes the activity of ceftaroline under various in vitro testing
conditions. Degradation studies suggest that ceftaroline is stable in Mueller-Hinton Broth (MHB); after two
hours at room temperature, there was an insignificant loss of activity. However, a 30% reduction of activity was
observed over 24 hours. With this in mind, it may be worthwhile to state in the label that MIC interpretation
should not be made after 18 hours due to a reduction of ceftaroline activity.

Increased levels of NaCl, and low pH, correlate with a reduction in growth against the tested organisms and
changes in inoculum size caused variation in ceftaroline MIC of the testing organisms. Other variables,
including the presence of serum, appear to have had a small but measurable effect on MIC values; ceftaroline
MIC values were generally within one doubling dilution of the reference method.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Susceptibility Test Methods

The Applicant has evaluated the activity of ceftaroline and comparator agents in accordance with Clinical and
Laboratory Standards Institute (CLSI) methods. The evaluation methods included broth microdilution, disk
diffusion and agar dilution. CLSI methods were used in the development of provisional interpretive criteria and
proposed quality control ranges. The Applicant conducted disk content study using six organisms to determine
optimal disk loading to achieve zones of inhibition that best correlated with the MIC from broth microdilution.
Resistance phenotypes were determined by reference broth microdilution tests followed by confirmatory
techniques. PCR screens with mechanism-specific primer sets were also performed on certain strains with
unusual resistance patterns.

Antimicrobial Interaction Studies

The Applicant has provided data from synergy studies that evaluated the effect of ceftaroline in combination
with other antimicrobial agents against a variety of bacterial isolates, using the checkerboard technique. No
antagonism was observed when ceftaroline was tested and compared with other antimicrobial agents.
Ceftaroline demonstrated synergy with meropenem against S aureus strain 2296 (CA-MRSA) and K.
pneumonia strain (1468 ESBL). Synergy was also observed with amikacin against E. coli strain 2273 (ESBL)
and P. aeruginosa strain 2559. There is not enough information on the synergy of ceftaroline with other
antimicrobials to include any information in the package insert. There is sufficient information to show that
there was no evidence of in vitro antagonism when ceftaroline was in the presence of vancomycin, linezolid,
daptomycin, levofloxacin, azithromycin, amikacin, aztreonam, tigecycline, and meropenem. However, the
clinical significance of this lack of antagonism is not known.

Human and Animal Studies

A number of ceftaroline-related pharmacologic studies that determined the time of maximum plasma
concentrations for ceftaroline were conducted. Data show that it generally occurred near the end of the infusion;
the terminal elimination half-life (T'%) of ceftaroline was in the range of 2 to 3 hours over the dose range
studied (mean of 2.54 + 0.29 hours in healthy adult subjects with normal renal function across studies). The
mean T’ of ceftaroline in subjects with severe renal impairment was 5.05 + 1.22 hours compared to 3.02 + 0.43
hours in subjects with normal renal function.

The Applicant has submitted data from a variety of animal models, including the mouse neutropenic thigh
(MNT) model, murine subcutaneous infection (MSI) model, endocarditis infection model, pneumonia infection
model, bacteremia infection model, and meningitis infection model. Efficacy has been demonstrated in mouse
lung, thigh, and peritonitis infection models against Gram-positive and —negative organism. Efficacy has also
been demonstrated in rat endocarditis models against MSSA and MRSA, and E. faecalis; in a rabbit
pneumoniae model against S, pneumoniae including PRSP and in a rabbit model of MRSA osteomyelitis.
Ceftaroline was also studied in a rabbit model of meningitis against E. coli and K. pneumoniae and the in vivo
activity of ceftaroline was better than or similar to cefepime. Similar to other B-lactams class of antimicrobial
agents, the pharmacodynamic (PD) parameter that best supports the efficacy of ceftaroline is the %T>MIC.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Clinical Trials

Community-acquired bacteria pneumonia

Data from the clinical trials indicate that ceftaroline fosamil at a dose of 600 mg administered as a 1-hour IV
infusion q12h for 5 to 7 days 1s effective in the treatment of moderate to severe CABP caused by susceptible
strains of the following organisms: S. pneumoniae, S. aureus, H. influenzae, E. coli, and K. pneumoniae (non-
ESBL). For S. pneumoniae, the microbiological response rates at TOC were 87.3% for the ceftaroline treatment
group compared with 72.9% for the ceftriaxone treatment group in the CABP study. For methicillin-susceptible
S. aureus, a TOC success rate of 19/25 (76.0%) was reported for ceftaroline compared with 19/27 (70.4%) for
ceftriaxone in the ME population. Please note that based on the Applicants exclusion criteria, subjects with
MRSA were excluded from the clinical studies since ceftriaxone is not expected to have an effect against
MRSA. Therefore, there were no studies conducted against patients infected with MRSA so the efficacy against
MRSA in CABP is unknown. Against H. influenzae, success rates of 15/18 (83.3%) 17/20 (85.0%) were
observed for ceftaroline and ceftriaxone, respectively. Ceftaroline against Enterobacteriaceae exhibited an
overall microbiological response rate of 87% while ceftriaxone exhibited an overall microbiological response
rate of 81% in the ME population.

Complicated skin and skin structure infections

In the ¢SSSI study, the overall microbiological response rates were 92.3% in the ceftaroline group and 93.7% in
the vancomycin plus aztreonam group at TOC in the ME Population. The ceftaroline microbiological response
rates were 93.7% and 100%, for S. aureus and S. pyogenes respectively. The response rates for methicillin-
susceptible and methicillin-resistant i1solates of S. aureus were similar 93.9% and 93.4%, respectively, among
ceftaroline-treated subjects. Clinical and microbiological response rates were similar among different genotypes
of S. aureus such as PVL-positive, PVL-negative, and USA300 1solates.

Applicant Proposed In Vitro Susceptibility Test Interpretive Criteria

The following table shows the Applicant’s proposed interpretive criteria for ceftaroline. The values proposed by
the Applicant are not in line with those proposed by the Agency. The FDA proposed values are established
using in vitro susceptibility data, pharmacokinetics/pharmacodynamic analysis, clinical experience, and
microbiology eradication rates. In determining the interpretive criteria for the package insert the Agency
generally uses the MIC value for which there was the most clinical experience as long as this MIC 1s compatible
with the PK parameters of the drug and the activity of the drug against the wild type bacteria associated with the
treatment indications studied during clinical trials. Therefore the differences in the Applicant’s proposed

mnterpretive criteria (Table 4) and the Agency’s is oa
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010

Ceftaroline for Injection
Cerexa Inc.

Applicant’s Proposed In Vitro Susceptibility Test Interpretive Criteria

(b) 4

FDA Proposed In Vitro Susceptibility Test Interpretive Criteria

Based on in vitro data, PK/PD data, and data from the ceftaroline clinical trials, the Agency recommends the
following in vitro susceptibility test result interpretive criteria for the specified clinical indications (see Table 5.
The PK/PD parameters of ceftaroline were supportive of choosing the MIC breakpoints for which there was the
most clinical experience at a specific MIC.

The Agency at this time has not proposed disk diffusion interpretive criteria for bacteria other then

Enterobacteriaceae and S aureus because regression analysis between the proposed FDA MIC interpretive
criteria and disk diffusion zone sizes shows poor correlation.
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010

Ceftaroline for Injection
Cerexa Inc.

Table 5. Susceptibility Test Interpretive Criteria for Ceftaroline

M‘g‘(}"l‘l‘c‘:r‘ltlr‘:;:gr‘lt;’ry Disk Diffusion (zone
Pathogen and Isolate (meg/mL) diameter in mm)
Source
S I R S I R
Saphylococcus aureus
(includes methicillin-
resistant isolates only for <1* — — >24 — —
skin isolates) See NOTE
below
Streptococcus agal actiae’
(skin isolates only) <0.015
Streptococcus pyogenes'
(skin isolates only) <0.004
Streptococcus
pneumonia€e’ (lower < o o o o
respiratory tract isolates =0.008
only)
Enterobacteriaceae’ <025 | 051 | =2 | =24 | 2023 | <19

S = susceptible, I = intermediate, R = resistant

NOTE: Clinical efficacy of ceftaroline to treat lower respiratory tract infections such as community-acquired
bacterial pneumonia due to methicillin-resistant S aureus has not been shown in adequate and well controlled
clinical trials (see “Clinical Trials” section 14)

*The current absence of resistant isolates precludes defining any results other than "Susceptible". Isolates
yielding MIC results other than “Susceptible” should be submitted to a reference laboratory for further testing.

® Clinical efficacy was shown for the following Enterobacteriaceae: Escherichia coli, Klebsiella oxytoca, and
Klebsiella pneumoniae

The following tables (6-17) provide information on the clinical success and the microbiological eradication
rates for specific pathogens at various MICs. This information in correlation with the PK parameters of
ceftaroline and the MICy, data was used to define the Agency’s MIC interpretive criteria. Complicated Skin and
Skin Structure Clinical Study MIC Data from ceftaroline clinical trials are shown below.
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Table 6: Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Staphylococcus
aureus from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Mierobiological Success (Eradicated/Presumed
: /N (%) Eradicated n/N (%)

Ceftaroline MIC (png/mL)

0.06 3 3/3 (100%) 3/3 (100%)

0.12 79 72/79 (91.1%) T3/79 (92.4%)

0.25 156 148/156 (94.9%) 149/156 (95.5%)

0.5 109 102/109 (93.6%) 102/109 (93.6%)

1 11 11/11 (100%) 11/11 (100%)

2 4 2/4 (50.0%) 2/4 (50.0%)

Total 362 338/362 (93.4%) 340/362 (93.9%)

Table 7. Integrated Clinical and Microbiological Response Rates for Ceftaroline against Methicillin-resistant
Staphylococcus aureus from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Microbiological Success (Eradicated/Presumed
/N (%) Eradicated n/N (%)

Ceftaroline MIC (png/mL)

0.25 18 18/18 (100%) 18/18 (100%)

0.5 108 101/108 (93.5%) 101/108 (93.5%)

1 11 11/11 (100%) 11/11 (100%)

2 4 2/4(50.0%) 2/4(50.0%)

Total 141 132/141 (93.6%) 132/141 (93.6%)

Table 8. Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Methicillin-
susceptible Staphylococcus aureus from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N | Comica Success N (%) | i Eresmed Evadicated N 4
Ceftaroline MIC (pg/mL)
0.06 3 3/3 (100%) 3/3 (100%)
0.12 79 72/79 (91.1%) 73/79 (92.4%)
0.25 138 130/138 (94.2%) 131/138 (94.9%)
0.5 1 1/1 (100%) 1/1 (100%)
Total 221 206/221 (93.2%) 208/221 (94.1%)

While the most clinical experience with S aureus was at an MIC of 0.5 mcg/mL it would not be appropriate to
use <0.5 mcg/mL as the susceptible interpretive criteria since it would split the wild type population for S
aureus making a number of isolates resistant to ceftaroline when both MRSA and MSSA isolates could be
considered susceptible to ceftaroline based on MICy, PK information, and cumulative clinical study experience.
Therefore an interpretive criteria of <1 mcg/mL is appropriate. Information with regards to clinical and
microbiological success rates for S pyogenes and S agalactiae in the cSSSI studies are shown in Tables 9 and
10, respectively.
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Table 9: Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against
Streptococcus pyogenes from Skin Infections in cSSSI Studies P903-06 and P903-07 Combined.

N Clinical Success Microbiological Success
/N (%) (Eradicated/Presumed Eradicated n/N (%)

Ceftaroline MIC (pg/mL)
= 0.004 55 55/55 (100%) 55/55 (100%)
0.008 1 1/1 (100%) 1/1 (100%)
Total 56 56/56 (100%) 56/56 (100%)
Vancomycin MIC (pg/mL)
0.25 45 43/45 (95.6%) 43/45 (95.0%)
0.5 11 11/11 (100%) 11/11 (100%)
1 2 2/2(100%) 2/2 (100%)
Total 58 56/58 (96.6%) 56/58 (96.6%)

Abbreviations: ¢S55I = complicated skin and skin structure infection: MIC = minimally inhibitory concentration.

Table 10: Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against Streptococcus

agalactiae from Skin Infections in c¢SSSI Studies P903-06 and P903-07 Combined

N

Clinical Success

Microebiological Success (Eradicated/Presumed

N (%) Eradicared /I (%)
Ceftaroline MIC (pg/mL)
0.008 9 8/9 (BB.9%) 8/9 (BB.9%)
0.015 11 11/11 (100%:) 10/11 (90.9%%)
Total 20 19/20 (95.0%) 18/20 (90.0%)

Vancomycin MIC (pg/mL)

0.25 2 2/2 (100%) 2/2 (100%)
0.5 15 15/15 (100%5) 15/15 (100%)
Total 17 17/17 (100%%5) 17/17 (100%%)

Abbreviations: ¢S55I = complicated skin and skin structure infection; MIC = minimally inhibitory concentration.

In the case of Enterobacteriaceae associated with ¢cSSSI infection the most clinical experience at specific
ceftaroline MICs for specific bacteria is shown below (Table 11). For more information on other
Enterobacteriaceae see Table 81 in body of review.
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Table 11: Integrated Clinical and Microbiological Response Rates by MIC for
Ceftaroline against E. coli, K. oxytoca, and K. pneumoniae Studies - P903-06 and P903-
07 Combined

Ceftaroline MIC Number  Clinical Success Microbiological Eradication
n/N(%) /N (%)
Escherichia coli
0.015 1 1/1 (100) 1/1 (100)
0.03 2 2/2 (100) 2/2 (100)
0.06 8 8/8 (100) 8/8 (100
0.12 4 4/4 (100) 4/4 (100)
0.25 1 1/1 (100) 1/1 (100)
0.5 2 2/2 (100) 2/2 (100)
1 1 1/1 (100) 1/1 (100)
1 0/1 (0) 0/1 (0)
>16 1 1/1 (100) 1/1 (1000)
Klebsiella oxytoca
0.03 1 1/1 (100) 1/1 (100)
0.06 4 3/4 (75) 4/4 (100)
0.12 1 1/1 (100) 1/1 (100)
0.25 5 5/5 (100) 5/5 (100)
Klebsiella pneumoniae
0.03 2 1/2 (50) 1/2 (50)
0.06 7 7/7 (100) 7/7 100)
0.12 6 6/6 (100) 6/6 (100
0.25 1 1/1 (100) 1/1 (100
>16 2 2/2 (100) 2/2 (100)

Community Acquired Bacterial Pneumonia Clinical Study MIC Data (Table 12)

Table 12: Clinical and Microbiological Success by Ceftaroline MIC against Streptococcus pneumoniae from CABP Studies
P903-08 and P903-09 Combined

Cefraroline MIC fug/nL) N | Clinical Success w'N (%) (Era fﬁmiﬁsﬁiﬁiﬁﬁgﬁ;ﬁﬁ;} N (%)
=0.004 4 4/4 (100.0%%) 4/4 (100.0%)

0.008 20 16/20 (80.0%) 16/20 (80.0%)

0.015 8 6/8 (75.0%) 7/8 (87.5%)

0.03 2 2/2 (100.0%%) 2/2 (100.0%)

0.06 1 1/1 (100.0%) 1/1 (100.0%)

0.25 1 1/1 (100.0%) 1/1 (100.0%)

Total 36 30/36 (83.3%) 31/36 (86.1%)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = muinimal inhibitory concentration.
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Table 13: Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone Against MDR
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

N Climical Success N Eradicare Presimed
N (%) Eradicated n/IN (%)

Ceftaroline MIC (pug/mL)

=0.015 2 2/2 (100%) 2/2 (100%a)

0.03 1 1/1 (100%0) 1/1 {100%0)

012 1 1/1 (100%a) 1/1 (100%)
Total 4 4/4 (100%) 4/4 (100%)
Ceftriaxone MIC (ug/ml)

012 1 0/1 (0%0) 1/1 (100%%)

0.5 1 01 (0%0) 0/1 (0%)

1 1 1/1 (100%) 1/1 {100%a)

2 1 01 (0%0) 0/1 (0%%)
Total 4 1/4 (25.0%) 2/4 (50.0%3)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minimal inhibitory concentration.
Source: Table 2.1.3a and Table 2.2 3a.

Table 14: Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline Against Penicillin-intermediate
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

Clinical Success Microbiolagical Success
Cefraroline MIC (ug/mL) N p _T‘ o (Eradicated/Presumed
/N (%) Eradicated n/NV (%)
0.12 1 1/1 (100%%) 1/1 (100%)
Total 1 1/1 (100%%) 1/1 (100%)

Abbreviations: CABP = commumty acquired bactenial pneumonia; MIC = minimal mnhibitory concentration.
Source: Table 2.1.3a and Table 2.2 3a.

Since there was very limited experience during clinical trials using ceftaroline to treat CABP due to penicillin-
resistant S. pneumoniae (PRSP) it would not be appropriate to indicate in the package insert that ceftaroline can
be used to treat CABP due to PRSP. Table 15 shows the clinical and microbiological success rates for MSSA
isolates in the CABP studies. Two MRSA isolates were observed in the ceftriaxione treatment group (Table 16)

Table 15: Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone Against
Methicillin-susceptible Staphylococcus aureus in CABP Studies P903-08 and P903-09

Clinical Success

Microbiological Success

N - (Eradicated/Presumed
n/N (%) Eradicated n/\N (%)

Ceftaroline MIC (pg/mL)

0.12 3 2/3 (66.7%) 2/3 (66.7%)

0.25 21 16/21(76.2%0) 16/21(76.2%)

0.5 1 0/1 (0.0%) 1/1 (100%%)
Total 25 18/25 (72.0%) 19/25 (76.0%)
Ceftriaxone MIC (pg/mlL)

2 3 2/3 (66.7%) 2/3 (66.7%)

4 21 12/21(57.1%%) 16/21 (76.2%)
Total 24 14/24 (58.3%) 18/24 (75.0%)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minimal inhibitory concentration.

Source: Table 2.1.3a and Table 2.2.3a.
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Table 16: Integrated Clinical and Microbiological Response Rates by MIC for Ceftriaxone against Methicillin-Resistant
Staphylococcus aureus in CABP Studies P903-8 and P903-9

Clinical Success Micrabiological Success
Ceftriaxene MIC (ug/nL) N N (% {Eradicated/ Presumed
W (7o) Eradicated /N (%)
8 1 0/1 (0%) 0/1 (0%)
32 1 1/1 (100%) 1/1 (100%)
Total 2 1/2 (50.0%) 1/2 (50.0%)

Abbreviations: CABP = commumty acquired bacterial pnevmonia; MIC = minimal inhibitory concentration.
Source: Table 2.1.3a and Table 2.2 3a.

Based on the Applicants inclusion/exclusion criteria, there were no MRSA isolates in the ceftaroline-treated
CABP subjects. Two isolates in the ceftriaxone-treated group were reported with a clinical and microbiological
success of 50%. One microbiological failure occurred at a ceftriaxone MIC of 8 mcg/mL. Table 17 shows the
clinical and microbiological success rates for H. influenzae in both CABP studies.

Table 17: Clinical and Microbiological Success by Ceftaroline MIC against Haemophilus influenzae from CABP Studies P903-
08 and P903-09

Ceftaroline MIC {nug/mL) N | Clinical Success /N (%) ( Eradic-ai{; S;fi":: ::f :;' gf: j:;;::;:f W (%)
= 0.008 8 3/8 (62.5%) 5/8 (62.5%)

0.015 5 3/5 (100.0%%) 5/5 (100.0%)

0.03 3 3/3 (100.0%) 3/3 (100.0%)

Total 16 13/16 (81.2%) 13/16 (81.2%)

Abbreviations: CABP = commumnity acquired bacterial pneumonia: MIC = minimal inhibitorv concentration.

In the case of Enterobacteriaceae associated with CABP infection the most clinical experience at specific
ceftaroline MICs for specific bacteria is shown below (Table 18). For more information on other
Enterobacteriaceae associated with CABP see Table 97 in body of review.
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Table 18: Integrated Clinical and Microbiological Response Rates by MIC for
Ceftaroline against E. coli, K. oxytoca, and K. pneumoniae — Studies P903-08 and P903-08

Combined
Ceftaroline MIC Number  Clinical Success Microbiological Eradication
n/N(%) /N (%)
Escherichia coli
0.03 4 3/4 (75) 3/4 (75)
0.06 5 5/5 (100) 5/5 (100)
0.12 1 0/1 (0) 0/1 (0)
0.5 1 1/1 (100) 1/1 (100)
1 1 1/1 (100) 1/1 (100)
Klebsiella oxytoca
0.03 1 0/1 (0) 0/1 (0)
0.06 3 3/3 (100) 3/3 (100)
0.25 2 2/2 (100) 2/2 (100)
Klebsiella pneumoniae

0.06 3 73/3(100) 3/3 100)

0.12 3 3/3 (100) 3/3 (100
0.25 3 3/3 (100) 3/3 (100)
0.5 3 3/3 (100) 3/3 (100)

Table 19 shows the acceptable quality control ranges for ceftaroline susceptibility testing against the specified
American Type Culture Collection (ATCC) strains.

Table 19: Acceptable quality control ranges for susceptibility testing

Minimum Inhibitory Disk Diffusion

Onality Control Organisin Concentrations (zone diameters in

fg/mL) mm)
Staphyviococcus aureus ATCC 25923 Not Applicable 26-35
Staphvlococcus aureus ATCC 22913 0.12-0.5 NA
Escherichia coli ATCC 25922 0.03-0.12 26-34
Haemophilus influenzae ATCC 49247 0.03-0.12 29-39
Streptococcus pneumoniae ATCC 49619 0.008 -0.03 31-41

Abbreviations: ATCC = American Type Culture Collection.
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AGENCY’S PROPOSED MICROBIOLOGY SUBSECTION OF THE CEFTAROLINE PACKAGE
INSERT
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INTRODUCTION

B-LACTAMS (PENICILLINS AND CEPHALOSPORINS)

The discovery of antibiotics in the 20" century represented a significant medical evolution in the treatment and
management of patients with bacterial associated infections. Before the discovery of drugs to treat bacterial
infections, it was not uncommon to observe high mortality rates associated with blood stream infections caused
by Staphylococcus aureus'. Staphylococcus aureus is commonly associated with a variety of invasive diseases
such as community acquired pneumonia, skin and soft tissue infections, and bacteremia.

The introduction of antibiotics, such as penicillin, has dramatically reduced mortality rates. Penicillin, first
discovered in 1928 by Sir Alexander Fleming, was isolated from the fungus Penicillium chrysogenum (formally
Penicillium notatum)®. However, it was not until the 1940’s that the methods for mass producing large
quantities of penicillin became available. Penicillin belongs to a class of antibiotics which is characterized by
the B-lactam ring structure. Since its discovery, penicillin has been used to treat a wide variety of bacterial
associated infections. With wide spread use, resistance to penicillin mediated by the production of B-lactamase,
was reported. There is a strong association with the emergence of resistance and the widespread clinical use of
penicillin and other antimicrobial agents.

Resistance to B-lactam antibiotics is mediated by the production of a bacterial enzyme that hydrolyzes the -
lactam ring structure thereby inactivating it. The B-lactam antibiotics target penicillin-binding proteins (PBPs)
thereby inhibiting the late stages of peptidoglycan biosynthesis®. Peptidoglycan is composed of long
polysaccharide chains and pentapeptide which consist of amino acids. The reaction joining of the pentapeptide
with the polysaccharide chain is catalyzed by transpeptidases that forms an amide bond within the structure of
the cell wall®. It is this transpeptidase reaction that is sensitive to p-lactam antibiotics. Moreover, it is this
emergence of resistance that has been the driving force for the development and modification to drugs based
around the B-lactam ring structure. As a result, a number of antibiotics based on the B-lactam ring have
increased significantly. Antibiotics such as methicillin and ampicillin were all developed with medication to the
chemical structure protecting it from bacterial penicillinase enzymes. Following the development of new -
lactam antibiotics new mechanism of resistance emerged. In the late 1950’s resistance to methicillin by S
aureus was first observed and this resistance resulted from the genetic acquisition of the mecA gene that
encodes PBP2a whose enzymatic activity is resistant to methicillin.

Clinically, B-lactams are considered to have a time dependent activity against bacteria and show little in terms
of concentration dependent activity. Published studies have shown that serum levels are required to be
approximately 4-times over the MIC of the infecting bacteria and be maintained 50% of the time between
dosing”. This level maybe maintained by continuous infusion of the B-lactam thereby avoiding subinhibitory
concentrations which promote the emergence of resistance. Therefore, to achieve continuous -lactam
concentrations when treating severe infections, the MIC of the infecting organisms and the site of infection
must be determined.

The cephalosporins were first produced by fermentation of Cephal osporium acremoniumin 1945. However, it
was not until 1964 that the first cephalosporin was introduced for clinical use by Eli Lilly’. The mechanism of
activity is similar to that of other B-lactam antibiotics. Cephalosporin act by binding to PBPs and interfere with
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bacterial growth by affecting cell wall synthesis. The structural backbone includes a -lactam ring fused to
sulfur containing 6-member dihydrothiazine ring. These compounds are chemically engineered by various
substitutions of the dihydrothiazine ring thereby creating novel compounds capable of inhibiting the PBP2a
enzyme. Modifications to cephalosporin result in changes to the microbiologic and pharmacologic differences
and serves as a basis for classification. There are currently 4 generations of cephalosporin based on varying
substitution on the dihdrothiazine ring. These compounds have demonstrated antimicrobial activity against both
Gram-negative and —positive organisms. Newly designed cephalosporins, such as ceftobiprole and ceftaroline,
that demonstrate activity against MRSA, penicillin-resistant Streptococcus pneumoniae, and some enterococci
while retaining some Gram-negative coverage (e.g. activity against Pseudomonas aeruginosa) are considered
next generation (generation 5) cephalosporins due to their enhance coverage’. However, as with all
antimicrobials in clinical use today, the growing medical concern has been the emergence of resistance among
bacterial isolates by the acquisition of novel resistant mechanisms. Resistance mechanisms to cephalosporin
include hydrolyzing of the B-lactamase enzyme, alteration of the PBP target, and increased efflux of the drug.
The Applicant has elected to develop Ceftaroline ® (4)) for Complicated Skin and Skin Structure
Infection (cSSSI) and Community-Acquired Pneumonia (CAP). Ceftaroline is said to be a sterile, synthetic,
prodrug belonging to the cephalosporin class of antibiotics that has bactericidal activity against RE
Gram-positive bacteria such as Streptococcus pneumoniae, and Gram-negatives.

COMPLICATED SKIN AND SKIN STRUCTURE INFECTIONS (¢SSSI)

Skin and skin structure infections represent one of the most common indications for antibiotic therapy and skin
infections. They are common and range from minor skin infections to severe necrotizing infections which may
require surgical intervention such wound drainage”®. Skin and skin structure infection are considered
complicated when they involves deeper layers of soft tissue such as fascia and muscle tissue. Complicated
infections including extensive cellulitis, abscess, traumatic or surgical wound infections, and foot infections in
diabetic patients are both severe and complex to treat. Therefore, one of the most important aspects of treating
complicated skin infection is the clinical assessment of the severity of infection”’. The etiological agent
associated with complicated skin and skin-structure infections (cSSSI) are predominantly S. aureus and
streptococci, including Group A and Group B B-hemolytic streptococci (S pyogenes and S. agalactiae,
respectivl%l?ll). It is also not uncommon to find mix Gram-positive and —negative aerobic and anaerobic bacteria
incSSSI'™ .

To complicate matters, a growing concern in the medical community has been the widespread emergence of
multidrug-resistance among bacterial pathogens including hospitalized and community acquired MRSA. It is
not uncommon for community-acquired MRSA to harbor the novel type IV staphylococcal cassette
chromosome (SCC)mec element'?. This cassette typically confers resistance to p-lactam antibiotics, and
sometimes contains the Panton—Valentine virulence gene (pvl), which may be involved in the pathogenesis of
necrotizing skin or lung infections. In some communities within the United States The USA300 clone has been
associated with community associated Staphylococcus aureus (CA-MRSA) infections. USA300 clones are
characterized by the presence of SCCmec IV that confers resistance to methicillin, the Panton-Valentine

leukocidin (PVL), and the arginine catabolic mobile element (ACME)'*".
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COMMUNITY ACQUIRED BACTERIAL PNEUMONIA (CABP)

Reports of community-onset skin infections, outbreaks of furunculosis, and severe pneumoniae associated with
MRSA harboring the pvl gene and the type IV staphylococcal cassette chromosome (SCC) mec element have
indicated that MRSA infections are evolving into a community-related dilemma'’. Community acquired
pneumonia (CAP) is a leading cause of death from an infectious disease in the USA'*. Approximately 6 million
cases occur each year, with persons 65 years or older accounting for 30% of those cases. The mortality rate of
individuals who are admitted to the hospital is estimated at 12% but increases to 30-40% for those with severe
CAP who require admission to the intensive care unit'™>

Bacterial etiology may differ slightly in accordance to the severity of CAP. Streptococcus pneumoniae remains
the most common pathogen associated with all severity, including ambulatory patients, hospitalized (non-ICU)
patients and severe (ICU) patients. However, Mycoplasma pneumoniae, Haemophilus influenzae, and
Chlamydophila pneumoniae Staphyl ococcus aureus, Legionella species, and gram-negative pathogens,
including Klebsiella pneumoniae and Pseudomonas aeruginosa, are associated with some form of CAP, ranging
from mild to severe. Staphylococcus aureus (MRSA) has also been observed as a cause of severe CAP'®!7.

FACTORS INFLUENCING THE MANAGEMENT OF INFECTIONS

The routes of administration, the pharmacokinetic-pharmacodynamic profile of the antimicrobial agent and the
dosing of the drug are some of the factors that must be considered in the treatment and management of
infections. Studies have shown that the majority of bacterial infections are present in the extracellular
compartment of tissues rather than in the plasma, and the interstitial fluid of tissues and other body fluids.
Therefore, antibiotic penetration into fluids and tissues at infection sites is valuable in predicting therapeutic
outcomes and that successful therapy often relies on the unbound antibiotic concentration at the site of action'®.

For an antimicrobial to be effective it is important that the drug is present at the site of the bacterial infection. In
some instances, treatment failures have been attributed to antimicrobials characterized as being highly protein
bound in serum despite achieving concentrations in serum that are above the MIC for the target pathogens'’. For
bacterial pneumoniae, the delivery of treatment agent depends on the availability of the unbound concentrations
of antibiotic to the infection area. The availability of unbound drug concentrations may also depend on the
molecular size, drug diffusion, and a myriad of host factors. Therefore it is also important to measure the
concentration of drug from sites including sputum, bronchial secretions, and whole tissue homogenates to
determine drug penetration or accessibility'®. In the case of ¢SSSL, it is important to obtain culture specimens
for documentation of bacteria and for susceptibility testing to guide treatment™.

ACTIVITY IN VITRO

ANTIMICROBIAL SPECTRUM OF ACTIVITY:

The Applicant submitted in vitro data from large surveillance and independent studies to support the claim that
ceftaroline is active against pathogens associated with complicated skin and skin structure infections and
community acquired pneumonia. Ceftaroline has demonstrated activity against a wide range of Gram positive
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organisms associated with skin infections and community acquired pneumoniae and Gram- negative bacteria
including those sought after in the proposed indication. The Applicant has also submitted in vitro data from a
number of centers across the world and the results are summarized and tabulated below. The MICs were
determined by referenced broth and agar dilution methods with the appropriate quality control using Clinical
Laboratory Standard Institute CLSI) approved guidelines.

Activity against Gram-positive Organisms:

The in vitro activity of ceftaroline was evaluated against 14,000 staphylococci isolates. Organisms tested
included those isolated from hospital-associated infections (HA-MRSA), community-associated infections (CA-
MRSA), coagulase-negative staphylococci (CoNS), including those resistant to methicillin. In addition to
testing methicillin resistant isolates, the Applicant included isolates with other resistant phenotype including
heterogeneous vancomycin-intermediate (hVISA), vancomycin-intermediate (VISA), vancomycin-resistant
(VRSA), quinupristin/dalfopristin non-susceptible, tetracycline-resistant, mupirocin-resistant, linezolid-
resistant, daptomycin nonsusceptible and fluoroquinolone-resistant isolates. Included in the data were
surveillance of clinical isolates of S aureus from the United States and Europe. Surveillance studies also
included isolates that tested positive for the Panton-valentine leukocidin (pvl) gene. Susceptibility testing of the
isolates was conducted using Clinical Laboratory Standard Institute CLSI) approved guidelines (Table 1).

Table 1: Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline Against Staphylococcus Species

Ceftaroline ] Ceftaroline
\Patliogen N Range MIC, nig/inL Method | {Pathogen N Range ‘; (& .-ilg;gf Method
50% | 90% 2 >
Staphylococcus anrens Staphy me.:'af:cm ?Hﬂm ~ Broth
Al 94 0.12:2 05 | 1 methicillin resistant 152 025-1 05 | os n‘lﬂl{gi‘}:%tmﬁ
methicillin-susceptible 32 0.12-0.25 025 | 025 - il .
methicillin-resistant 62 025-2 03 1 Staphylococens aurens _ _
mupirocin-resistant 2 0.25-0.5 NA NA All _ i 1009 £003-2 AD El 1 _
tetracvclineresistant N N methicillin-susceptible 348 =003-1 0.25 025 Broth
MSSA > 3 012025 | NA | NA methicillin-resistant 561 012-2 0.5 L i ion
i Coagulase-negative staphylococci (CLST)
ieracyeme et | 1 025 NA | NA | Brom All 500 | =003-2 [ 025 [ 025 |
gentamicin-resistant MSSA L — - = = s — =
linezolid NS n 051 A A microdilution methicillin-susceptible 201 =003-05 0.06 012
. — - — (CLsI) methicillin-resistant 200 0.06-2 0.5 0.5
c1prqﬂoxacm—re sistant 18 0.12-025 015 | 025 Staphylococcus aurens
MSSA _ ] methicillin-susceptible | 25| 0.125-0.25 | 025 | 025
HVISA /VISA 26 0252 05 2 methicillin resistant 25 [ o052 [ 1 [ » | . Bem =
Staphylococcus epidermidis Coagulase-negative staphylococci (CLSD
All 2 0.06-1 025 | 05 methicillin-susceptible | 24 [<=0.015-0.125 [ 006 | 0.125 :
methicillin-susceptible 0 006012 | 006 | NA methicillin-resistant | 25 | ooe2 | 05 | 2
methicillin-resistant 12 0.25-1 0.3 1 Staphylecoccus anrens ]
mupirocin-resistant 1 0.06 NA | NA All 111 025-2 0.5 1
Staphylococcus aureus methicillin-susceptible 20 025-05 0.25 025
methicillin-susceptible 18 0251 05 [ 05 metheiln resistant _ - 251 03 | 1 :
il - 7 054 1 5 vancomycin-intermediate 24 025-2 1 1 Agar dilution
metnci® [-resistant ! — = vancemycin-resistant 3 05-1 NA NA (CLSI)
hVISA /VISA 19 0.5-2 1 = Coagulase-negative staphylococci
vancomycin-resistant 2 1-1 NA NA All 103 0.03-1 025 05
fluoroquinolone-resistant 10 0.5-4 1 ) methicillin-susceptible 33 0.03-025 | 0.06 | 025
MRSA - Broth methicillin-resistant 68 0.12-1 025 | 05
li.rl.ezolic.i-tl\.":idalf — 7 0.5-2 2 NA microdilution Srr.rpi:_gm.:'lri;cm a.rm:fbsl _ e —
QUNUPIIsTn- Opristin- c s a F {CLSD metmcilim-suscept & a3 UL -0 U2 LD
NS l 04 - Na methicillin-resistant H 05-2 0.5 2 nﬁcgﬁﬁﬁm
Coagulase-negative staphylococci Coagulase-negative staphylococci _ _ (CLST)
methicillin-susceptible 11 | =0060.02 | 012 [ 012 methicillin-susceptible | 33 [£0015-025] 006 [ 012
methicillin-resistant B | 0252 |05 | 2 meticillinresistant [ 50 | 012-2 o025 ] 1
TVISA  VISA 1 052 1 3 Staphiylecoccus aurens Broth
fluoroquinolone-resistant ; i N methicillin-susceptible 136 0.06-1 0.12 0.25 | microdilution
MRSA 0252 05 | NA methicillin-resistant 28 025-2 1 2 (CLsD)
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. Cefiaroline Ceftaraline
Parhogen A Range ;—‘é‘:(" Tg;gf Method Pathiogen N Range _‘lﬂg ng/inL Method
Stapinlecoccus aureus — - 30%% | 90%¢
methicillin-susceptible [ 60 | o013-05 | 025 | 05 Broth Staphylococcus atirens
methicillin-resistant [ 81 [ wo25-2 [ 1 | 2 microdilution || methicillin-susceptible 102 0.25 025
Staplylococcns epidermidis (Japanese methicillin-resistant 105 0.5 1
methicillin-susceptible 20 006-05 013 | 025 Standards) vancomyein-NS a7 1 2
methicillin-resistant 21 0.5 1 linezolid -INS 13 1 2
(Stapliylococcns anrens micgiﬁﬁlninn quinupristin/ 12 0.5 1
",in'com}'qu-i.memnechate s 0.5-2 1 NA (Japanese dalfopristin-NS _ ]
Standards) mupirocin-NS 46 0.5 1
Staphyloceccus anrens Coagulase-negative staphylococci Broth
All-USA 3965 0.5 1 Staphylococcus microdilution
All - Furope _ 2700 0.25 1 epidermidis 100 =0.008-1 0.06 0.12 (CLSI)
‘E}Eﬂil’“”m susceptible - 1711 | =0008-05 | 025 | 025 methicillin-susceptible
— - Staphvlococcus
Peraculin-susceptible - | 1066 | 003-1 | 025 | 05 epidermidis 100 0.12-1 05 | 03
1r}ethicil.1ir1 resistant - 2954 0.12—2 1 1 ﬂ_lﬂhlc_lum'rer’ll’rmt - -
USA Staphylococcus hominus 101 0.03-1 0.5 1
snethicillin-resistant - 734 025-4 1 2 Brath Staphylococcus 102 0.034 1 2
urope microdilution haemolyticus
Coagulase-negative staphylococci (CLST) Staphylococcus captitus 101 0.015-2 0.06 03
All-USA 638 | =0008-2 > | 03 linezolid-NS 51 0.06-2 05 1
All - Europe 434 0.015—4 1
‘methicillin susceptble - 154 o 008 1 P Staphyloceccus anrens _
USA = UOs — =2 All 220 0.06-2 0.5 1
J];ls:ilc;llm-suscepnble - 104 0.015-05 0.06 0.12 meth?u.lh.n—sus.cepnble 19{1 O.DG_—D.J -.’J.l;. 0.25 Broth
h'p'l.lin T methmjllm—resurfi.m _ 120 0.5-2 035 1 microdilution
1{_12;101 “ 454 =0.008-2 0.5 1 Staphylococcus epidermidis (CLST)
merhicillin-Tesistant - 230 PSS s 5 1net].1?c1.111..r1—sus.cepmhle _j(} 0.06-05 u.l;. 0.5
Europe methicillin-resistant 50 0.03-1 0.5 0.5
Stapliylaceccns aurens Staphylecoccns Ingdunensis 10 0.12-0.12 0.12 0.12
CA-MRSA : ‘3; 0.5 1 Broth Staphylecoccus anrens Broth
o w— oA etsy [ methiclinsuseeptivie [ 10 [ 02 222 microdiution
VRSA 10 03 1 fg‘;ﬂéf;'{”}_ﬁ?;"rm 50 0.5-4 1 2 (CLsSD
Staphylococcus aureus 200 0.1252 1 1 | mictoditusion || ylococcus aureus : - 5 Drom
(HA-MRSA) (CLSTD) {ne?h1_c1llm—re51srmt 50 0.5-2 1 2 nnc(rochl_unon
. (55Cmec I-IV) (CLSD)
Ceftaroline
Pathogen N Range MIC, ugimL Method
50% | 00%
Staphylococcus anrens
All [ 633 | o122 Jos ] 1
Methicillin-susceptible
HA-MSSA 14 0.12-05 0.25 05
CAMSSA 86 | 01005 |05 [0 | Bt
VISA 5 0.25-0.25 025 | NA (CLS])
Methicillin-resistant
HA-MRSA 275 0.5 1
CA-MESA 214 0.3 1
VISA 39 1 1
Staphylococcus anrens
All 453 0.12-2 0.25 1
methicillin-susceptible 334 0.12-1 0.25 035
methicillin-resistant 119 0.25-2 1 1 Agar dilution
Coagulase-negative staphylococci (BSAC)
All 179 =0.002-4 0.25 1
methicillin-susceptible 45 0.015-05 0.125 | 025
methicillin-resistant 134 =0.002-4 0.25 1
Staphylococcus anrens
methicillin-susceptible 37 0.12-0.25 025 | 025
methicillin-resistant 43 0.25-1 0.5 0.5 Broth
VISA ] 01 NA | NA micrortfilution
VRSA 2 0.12-0.5 NA NA (CLS])
Staphylococcus epidermidis
methicillin-susceptible 8 0.06-0.06 006 | NA
methicillin-resistant 12 02505 0.5 05

Abbreviations: h = heterogeneous; CA = community-associated; CLSI = Clinical and Laboratory Standards Institute; HA = hospital-associated; DNSSA = daptomycin-non-susceptible S
aureus; hVISA = heterogeneous vancomycin intermediate S. aureus; NA = not applicable (for MIC50, fewer than 5 isolates; for MIC90, fewer than 10 isolates); MRSA = methicillin-resistant
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(oxacillin-resistant) S. aureus; NS = nonsusceptible; SSCmec I-IV = Staphylococcal cassette chromosome mec type [-IV; VISA = vancomycin-intermediate Saureus; VRSA = vancomycin-
resistant S aureus.

For all isolates tested, the highest ceftaroline MIC observed for S aureus was 4 pg/ml. This was recorded
against some isolates of hVISA, VISA, MRSA, fluoroquinolone-resistant MRSA, and quinupristin-dalfopristin
non-susceptible. The MICy, values ranged from 0.12 - 2ng/ml against all staphylococci tested. The MICy
values for Staphylococcus aureus isolates obtained from Europe and the USA were 1 pg/ml, respectively.
However, the MICy value against European methicillin susceptible S aureusisolates were 0.5 pg/mL or 1
dilution higher than what was observed against USA MSSA isolates. Against European and USA MRSA
isolates, an MICqy of 2 pg/mL and 1 ng/mL, respectively, was observed. Generally, MICy, values from USA
and Europe were within 1 dilution factor of each other, with USA isolates having lower MICy, values.
Moreover, similar trends were observed for coagulase-negative staphylococci; MICy values against USA and
Europe coagulase-negative staphylococci isolates were 0.5 pg/ml and 1 pg/mL, respectively, or within 1
dilution factor.

Data on the activity of ceftaroline against heteroresistant vancomycin-intermediate S aureus (hVISA) and
VISA were also submitted. The highest MICy, values recorded for hVISA/VISA were 2 pg/mL for S aureus
and CoNS, respectively. Table 2 summarizes the in vitro activity of ceftaroline and comparator agents against a
panel of S aureus and CoNS isolates from the United States and Europe from a 2008 surveillance study. The
ceftaroline MICy value of 0.25 mcg/mL for US isolates of MSSA was lower than all other B-lactam
comparators except imipenem (0.12 mcg/mL) and was equal to all tested comparators of other antibiotic
classes.

Against MRSA, the ceftaroline MICy, of 1 mcg/mL for US isolates was equal to or lower than those for all
agents tested except trimethoprim/sulfamethoxazole (< 0.5 mcg/mL), daptomycin (0.5 mcg/mL) and tigecycline
(0.25 mcg/mL). Against the methicillin-susceptible CoNS US isolates, the MICy, of ceftaroline (0.25 mcg/mL)
was equal to or lower than all agents except oxacillin (< 0.25 mcg/mL) and imipenem (< 0.12 mcg/mL).
Against the methicillin-resistant CoNS US isolates, the MICy, for ceftaroline (1 mcg/mL) was lower than all
agents except daptomycin (0.5 mecg/mL) and tigecycline (0.25 mcg/mL).
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Table 2: In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Staphylococcus aureus Isolates from the
US and Europe (S. aureus and broken down my MSSA, MRSA and CoNS)

US Isolates European Isolafes

Organism Group — ;

110 10/ , o/
& Agent MIC, ug/mL 0 ¢ MIC, pgimL % &

Range MIC;; | MICqy Range MIC;q | MICy;

Staphylococcs 3965 isolates 2700 isolates
aurenus - All
Ceftaroline =0.008-2 0.5 1 NA 0.03-4 0.25 1 NA
Oxacillin <025->2 2 2| 432 <025->2 0.5 >2 | 728
Ceftriaxone <025->32 | 32 | =32 | 432 1-=32 4 =32 | 728
Cefepime 0.25->16 8 =16 | 432 <0.12->16 2 =16 | 72.8
Imipenem <0.12->8 |=012] 8§ 432 £0.12->8 <012 4 72.8
BT <05->64 16 | =64 | 432 <05->64 1 64 | 72.8

Erythromycin £025-»2 | =2 | =2 | 313 £025->2 <025 =2 | 70.0

Clindamycin <025->2 | =025 =2 | 76.8 <025->2 |<025| =2 | 8.0
Levofloxacin <05->4 | <05 | =4 | 547 205->4 =05 | =4 | 725
SXT <05->2 | <05 | <05 | 985 <05->2 <05 | £05 | 99.3
Linezolid 0.25->8 2 2 99.9 025-4 2 2 100
Vancomyein <0.12-2 1 1 100 025-2 1 1 100
Daptomycin =0.06-4 025 | 05 | 998 =0.06-1 025 | 05 | 100
Tigecycline <0.03-1 012 | 025 | =999 £0.03-1 012 | 025 |=99.9
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) US Isolares European Isolates ) US Lsolates Enropean Isolates
Range | MICq | MICy Range | MICq | MICy Range | MICs | MICy Range | MICo| MICy

MSSA 1711 isolates 1966 isolates CoNS-All 638 isolates 43 isolates
Ceftaroline <000§8-05 | 025 | 025 | NA 0.03-1 025 | 05 | NA ||Ceftaroline =0.008-2 0.25 5 | NA 0015-4 0.25 1 NA
Oxacillin £025-2 05 | 05 | 100 =025-2 05 | 05 | 100 ||Oxacilin 202522 >1 -1 | 288 02522 =2 | =2 | 240
Ceftniaxone 05-16 4 4 | 906 1-32 4 4 | 908 |(|Cefinaxone £025-=32 § | =32 ] 288 | =025-332 16 | =32 | 240
Cefepime 025-8 2 4 100 025-8 2 4 | 100 ||Cefepime 2012-216 | 2 | =16 | 288 025-=16 4 | =16 | 240
Imipenem <012-4 |=012]=012| 100 =012-1 <012 =012 100 ||Imipenem =012->§ [=012| =8 | 288 | =012-=8 025 | =8 | 240
PT £05-16 1 2 209 =05-8 1 2 100 ||PT <05-=64 1 16 | 288 | =05-=64 2 =64 | 240
Erythromycin 2025-=2 [2025] =2 | 641 2025-=2 <025| =2 | 842 ||Erythromycin 0.25-=2 =) =2 | 326 £025-=12 ) =2 | 355
Clindamycin 025|025 | 927 2025->2 | =025)<025| 980 ||Clindamycin £025-=2 |=025| =2 | 649 =025 =2 | 671
Levofloxacin =035 4 884 <05-=4 =05 | =05 | 940 ||{Levofloxacin 4 -4 | 436 4 4 | 454
SXT =05 ] =05 | 984 205-=2 <05 | =05 | 9935 ||SXT <05 | =2 | 304 205 | =2 | 636
Linezolid 2 2 100 05-2 2 2 100 |[Linezolid 1 | 034 1 1 005
Vancomycin 1 1 100 025-2 1 1 100 ||Vancomyeimn 1 2 100 1 20| 100
Daptomycin <006-1 25 | 05 100 =006-1 025 | 05 | 100 ||Daptomycin 025 | 05 | 995 025 | 05 | 998
Tigecycline 20.03-05 | 012 | 025 | 100 =0.03-05 0.12 | 025 | 100 ||Tigecycline 012 | 025 | NA 012 | 025 | NA
MRSA 2254 isolates T34 isolates MS CoNS 184 isolates 104 isolates
Ceftaroline 0.12-2 1 1 NA 025-4 1 2 | NA |[Cefiaroline =0.008-1 | 006 | 025 | NA 0.015-05 006 | 012 | NA
Oxacillin »2-%2 =2 | =2 | 00 =2 | =2 | 0.0 ||Oxacillin =025-2025 | =025 |=025 | 100 | =025-2025 (<025 (<025 100
Ceftriaxone <£025-232 | =32 | =32 | 00 =32 | =32 | 00 ||Ceftriaxone =025-16 2 4 905 05-8 2 4 100
Cefepime 1-=16 16 | =16 | 00 =16 | =16 | 00 ||Cefepime =0.12-4 05 ? 100 025-4 0.3 1| 100
Tmipenem <0.12-=8 03 =8 0.0 2 =8 | 0.0 |[lmipenem <012~ 0122012 100 | £012-£012 | =012 (=012 100
PT = 64 64 | =64 | 00 64 =64 | 00 [PT £05-2 05| 05| 100 03-2
Erythromycin =2 =) =1 6.5 =2 | =2 | 320 ||[Erthromycin £025->2 (2023 =2 | 354 £025->12
Clindamycin =025 1| 647 =025-=2 |=025| =2 | 612 ||Clindamycin 025-=2 =025 1 807 £025->2
Levofloxacin 4| =4 | 201 <05-=4 =4 | =4 | 150 (|Levofloxacin 05 4| 199 205-=4
SXT =05 | 205 | 985 205-=2 205 1 | 980 ||SXT 03 2] 848 205-=2
Linezolid 2 2 000 025-4 2 2 100 ||Linezolid 1 1 905 025-2
Vancomyein 1 1 100 025-2 1 1 100 ||Vancomycin 025-4 1 2 100 05-2 1 2 | 100
Daptomycin 025 | 035 | 997 012-1 025 | 05 | 100 ||Daptomycin 2006-4 | 025 | 05 | 989 =006-1 025 | 05 | 100
Tigecycline 003-1 012 | 025 | =999 =003-1 012 | 025 | 999 ||Tigecycline <003-05 | 012 | 025 | NA =003-05 012 | 025 | NA

* % susceptible according to CLSI M100-S19 (2009) or Tygacil Product Insert (2005)

Abbreviations: CoNS = coagulase negative staphylococci; MIC50 = minimum inhibitory concentration required to inhibit the growth of 50% of organisms; MICy =
minimum inhibitory concentration required to inhibit the growth of 90% of organisms; MSSA = methicillin-susceptible S. aureus; MRSA = methicillin-resistant S
aureus; MS = methicillin susceptible, MR = methicillin resistant; NA = not applicable (breakpoints not defined); P/T = piperacillin-tazobactam; SXT =
trimethoprim/sulfamethoxazole; US = United States. Source: Study P0903-M-035, 2009

The Applicant also determined the activity against a number of streptococci isolates. The streptococci addressed
were S. pneumoniae, B-hemolytic streptococci and viridans group streptococci. S. pneumoniae is commonly
associated with acute, community-acquired bacterial respiratory infections, including pneumonia and otitis
media. S pyogenes (Lancefield group A) is associated with skin infections, endocarditis and necrotizing
fasciitis. S. agalactiae (Lancefield group B) is commonly associated with neonatal bacteremia and meningitis.
Lancefield group C, F and G B-hemolytic streptococci are associated with a variety of infections including
endocarditis. Viridans group streptococci such as S. anginosus are commonly associated with abscesses”'. A
review of the literature show that viridans group streptococci have decreased susceptibility to B-lactams
compares with B-hemolytic species. The in vitro activity of ceftaroline was evaluated against more than 6300
isolates of pneumococci. Ceftaroline was tested against penicillin-intermediate and -resistant isolates,
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fluoroquinolone-resistant strains, and multidrug-resistant strains of various serotypes. Susceptibility testing of
the isolates was conducted using Clinical Laboratory Standard Institute CLSI) approved guidelines.

Table 3 summarizes the activity of ceftaroline against pneumococci isolates. The data shows that ceftaroline is
active against S. pneumoniae, including penicillin-intermediate and —resistant isolates. The highest MIC to
ceftaroline reported for S. pneumoniaeis 2 pg/ml. It was reported that this was from a single isolate from a
study of 120 highly cefotaxime-resistant isolates from the CDC (Study P903-M-022). Additionally, MICy,
values ranged from as low as 0.004 — 0.025 pug/ml against all S pneumoniae isolates. The Applicant also
evaluated the efficacy of ceftaroline against different S. pneumoniae serotypes. It is reported that of the 891 S.
pneumoniae isolates examined from the US in 2008, 42 serotypes were represented and 11 serotypes accounted
for 72.1% of all isolates (Table 3). Serotype 19A was the most common isolate and accounted for 21% of the
total. Serotype 19A and 19F isolates were the most resistant serotypes, with many isolates being multidrug-
resistant. The highest MIC for ceftaroline among serotype 19A and 19F isolates was 0.5 mcg/mL, with MICy,
values for both of 0.25 mcg/mL.

Table 3: Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Streptococcus pneumoniae

. Cefraroline Ceyﬂ’:‘rraﬁne‘
Pathogen /phenotype | N Range MIC, pg/mi Method .
50% | o0% Pathogen /phenotype | N Range MIC, pgiml Method
Streptococcus prenmonia® 50% ‘ 0%
All 601 | =0.008-035 0.06 0.12 - .
Penicillin-susceptible| 202 | =0008-012 | 0008 | 0015 | . b |\Sireplococcus puenmoniae’
ii’;g;ﬁlﬁq " 103 | =0008-05 | 0015 0.06 (CLSD All 635 =00035-1 0.12 023
Penicillin-resistant | 296 | =0.008-05 0.12 0.12 Penicillin-susceptible| 161 | <0.0035-0.06 | 0.007 0.03
Streptococcus pnenmoniae’ Penicillin
Penicillin-susceptible| 42 | =0.008-0.13 | <0008 | 006 _ Broth | ; : 15| 0007-025 0.06 0.12
Penicillin - - microdilution || jnfermediate
intermediat Y 000 | OB | O | mcwd | Penciliersvar 38| 08-1 | 01 | 05 -
Penicillinresistant | 29 | 0.06- 0.5 0.13 025 — : - == Agardilution
Streprococcus preumoniae’ .ﬁLITllOXlCIHIIl- lﬁi U Uﬁ . 1 n 1 2 G‘ J_i |:CLSI:|
All 30 | =0.008-0.12 0.06 012 Broth fesistant ) ’ - o
1 0 < - = Q.00 P - 0 . ro. N " . . PR P
Peu%m.lh-n—suscepuhle 10 |=0.008-=0.008| =0.008 | =0.008 nnc%vgjéuuou Cefolaxm-resmaur llj Ulj ) 1 U.l:‘. 'J.J.J
Peaicillin- 7 0.03-0.12 NA NA (CLSD —
mtermediate El':_-’['].]IUm}Clﬂ- 3300 <00035-05 01 075
Penicillinresistant | 13 0.06-0.12 0.06 0.12 tesistant J U -U0 vl V.2
Streptococcus pnenmoniae’ Broth -
Penicillin-susceptible| 11 | =006-=006 | =006 | =0.06 | micredilution Levofloxacin- | epms - R .
Penicillinresistant | L1 012-1 0.5 05 (CLSD resistant 152| 200035-025 | 003 0.2
Streptococcus pnenmoniae’ -
Al 251 0015-03 005 | o35 \Streplococens prenmoniae
Penicillin-susceptible] 22 | 0015-012 | 0015 | 0015 Broth Penicillin-susceptible| 27 | 0004-006 | 0.004 | 0015 | Agardilution
Penicillin- 3 0.015 - > i iluti ETH framer .
intermediate 26 0.015-0.12 0.03 0.06 nnclgijéuglou Penicillin- 0 0.03-006 0.06 0.06 {\‘,Eﬁﬁ.Ed b"‘
Penicillin-resistant | 20 | 0015-0 5 025 05 ) intermediate - v S| broth dilution)
Levofloxacin-NS 23 | ow015-025 0.03 025 — ————— - .
Penicillin-resistant | 12 | 0.06-023 0125 | 0125
Multidrig-resistant 25 0.12-05 0.12 0.25
Broth Streptococcus pnenmontiae’
?:;’:;‘:;;:;:,” 8 | =0015-012 | 0015 | NA | microdilution P — P , — . .
> (CLSD Penieillin-susceptible| 11 | 0.008-0015 | 0008 | 0015 Broth
Streptococcus pnenmoniae’ T microdilution
Penicillin-susceptible| 762 | =0.008-025 | =0.008 | 0.015 Broth Penicillin- 0 0008-012 0.03 0.06 P
—in icrodiluti i i : : v i (CL5L)
pemcill o7 | <ooos-012 | 003 | oos | TErepe intermediate e
Pemicillinresistant | 148 | =0.008-05 0.12 025 Penicillin-resistant | 50 | 0.06-05 012 025
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Ceftaroline Ceftaroline
Pathogen /phenotype | N Range MIC, pigiml Method Pathogen / phenotype | N Range MIC, ug/mi Method
50% 90% 50% | 90%
Streptococcus Broth Streptococcus pneumoniae - USA - 11 most common serotypes
\preenmonia® 120 0.125-2 0.5 0.5 microdilution All 801 =0.008-05 = (0.008 012
cefotaxime-resisrant (CLS — —
- D Serotype 194 189 | =0.008-05 0.12 025
Srreprococcis prenmoniae - - - = =
(brealkpoints (ng/mL): 5: = 0.06. I: 0.12-1, R- =2)° Serotype 3 82 | =0.008-0.12 | =0.008 | =0.008
All USA 804 [ =0008-03 0.015 012 Serotype 35B 59 | =0008-025 012 012
All Europe 446| =0008-05 | =0008 | 012 Serotype 7F 52 | =o008-003 | 0008 | 0015 Broth
%%Siimm' tract 716 | =0.008-0.5 0.015 0.12 Serotype 114 40 | =0.008-0.12 0.06 0.06 microdilution
5.4 - r ~ = (CLS
Blood cullure USA | 178 | =0.008 0.5 =0.008 012 Serotype 6C 43 | =0008-0.12 0.015 0.06 (CLSD
icillin- i Serotype 134 38 =0.008-0.12 =0.008 0.03
Penicillin-susceptible| 55; | <o0.00s-005 | =0o00s | o015 oP = = _
Usa i Serotype 22F 35 | =0008-003 | <0008 | 0015
E‘i‘:{;;'im’su"“p“ble 327 | =0008-006 | =0008 0.015 Serotype 23A 33 | =0008-0.12 0.12 25
Pemicillin: Serotype 23B 33 0015 006
%tge;lmd1ate 178 = 0.008 - 0.12 0.03 0.06 Serotype 19F 20 012 025
Pe n_i cillin- Streprococcis pneumoniae®
intermediate 41 =0.008 - 0.25 0.03 0.12 All 201 | =0.004-0.125 0.008 0.015
Europe Broth - 5 - - -
Penicillinresistant - - " — microdilution Penicillin-susceptible | 200 | = 0.004 -0.125 0.008 0.015 Agar dilution
USA 195 0.03-05 012 025 (CLSI Penicillin- ~ . (BSAC)
—— - intermediate 1 0.06 NA NA
Eﬁfﬁ;ﬂm'res“‘tmr 78 0.015-0.5 0.12 025 S —
. ryrhromycm- 13 | £0.004-0.125 | 0.008 0.125
Srreprococcis preumonia, N resistant
(hr;akpoll.ms u\ug-‘mﬁiﬁ: s2L4R=8) Streprococcus pneumonias”
CICInN-Susc tible < = oo - N -
UsA <P J73 | =0.008-0.5 | =0.008 0.12 Penicillin-susceptible | 102 | =0.008-0.06 | =0.008 0.03
Penicillin-susceptible - = - Penucillin- -
410 | =0008-025 | =0008 012 ; ! 2| = -0.12
Europe = 5 = intermediate 102 | =0.008-0.12 0.03 0.06
Penicillin- Penicillin-resistant Broth
intermediate 112 0.06-0.5 0.25 025 o 100 003-05 012 025 microdilution
USA (MIC =2 pug/ml) (CLST)
. R 2 -
Penicillin- Penicillin-resistant y _ _ _
intermediate 35 0.12-0.5 0.12 0.25 (MIC = & pg/ml) 40 0.06-0.5 0.25 0.5
Europe Levofloxacin-NS 53 | =0008-05 | 0015 012
Penicillin-resistant o 0.25-0.5 0.5 WA
USA = =22 -2 < Multidrug-resistant | 127 | =0.008 - 05 0.12 025
Ceffaroline
(Parfrogen / plenorype N Range MIC, pgiml Merhod
so% | e0%
\Srreprococcns prenmoniae”
Penicillin-susceptible | 50 | = 0.0005 - 0.008 0 004 0.008
Penicillin- 50 | =0.0005-025 0.03 012
intermediate
Penicillin-resistant 10 0.12-05 025 025
MDE: macrolide & i Bl;z;h
= <, -0 ns < microdilution
SXT-resistant S0 0-001 -0.25 0.03 025 (CLSI)
MDR: mactolide & | 55 | - 000505 0.004 012
doxycycline-resistant
MDF: macrolide &
ciprofloxacin- 25 0.004 - 0.5 0.25 0.5
resistant
[Streprococcns preumoniae®
Al 492 =0.06- 0.5 = 0.06 0.12
Penicillin-INS 36 0.12-05 0.25 025 -
Cefiriaxone-tesistant | 38 012-0.5 0.25 0.25 ﬁ:}féﬂmi’r;r?

o / ; N ] 12/m ]
Erythromycin 144 £ 0.06-05 — 006 023 Pathogen / phenotype Range s g Method
resistant ) Bl'Cf'h X 50% | Q0%
Levofloxacin-NS 19 =0.06-0.12 =0.06 012 microdilution — =
SXT-resistant 104 =0.06- 0.5 0.12 0.25 (LD Streptococcus pneumoniae”

Tel?rac}'clme— il = 0.06- 0.5 0.12 025 Penicilli.n-susceptible 15 0.008 -0.03 0.008 0.03

resistant - —

~ o B = — 05 B 35 Penicillin-

:';uin.ﬂc res?sla.nt 121 = 0.06- 0.5 2.1 025 i it 20 0.008-0.12 0.06 0.06 Broth

Nuln g-resistant = — = < miermediate . . .

serotype 10A/10F >3 =0.06-0.5 012 023 microdilution

3 o - oz - - - !

Streptococcus preumoniae® Penicillin-resistant 25 006-035 025 025 (CLSI)

Al 259 0.12-0.5 0.12 0.25 Broth Levofloxacin- . .

Penicillin-NS 221 0.12-0.5 0.25 025 microdilution ' 9 0.008-0.25 0.06 NA

. — — (CLST) resistant
Erythromycin-NS 246 0.12-0.5 0.12 025 -
Serotype 194 60 0.12-05 0.25 0.25 Multidrug-resistant 5 0015-025 0.25 NA

a CLSIM100-S17, 2007 penicillin breakpoints (mcg/mL): S: <0.06, 1: 0.12-1, R: > 2

b CLSIM100-S19, 2009 penicillin parenteral nonnmeningitis breakpoints (mcg/mL): S: <2, I: 4, R: > 8 Abbreviations: CLSI = Clinical and Laboratory Standards
Institute; NS: non-susceptible; MIC = minimum inhibitory concentration; MDR: multidrug-resistant; NA: not applicable (for MICs, fewer than 5 isolates; for MICy,
fewer than 10 isolates); NS = nonsusceptible; SXT = trimethoprim/sulfamethoxazole; USA = United States of America.
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Table 4 shows the activity of ceftaroline and comparator agents against a panel of S. pneumoniae isolates that
were obtained from across the US and Europe from a 2008 ceftaroline surveillance study. Against penicillin
susceptible S. pneumoniae (PSSP) from the US, ceftaroline MICq (0.12 mcg/mL) was lower than all other -
lactams, as well as all other comparators except for tigecycline (MICq 0.06 mcg/mL). Similar results were
observed for penicillin intermediate S. pneumoniae (PISP) isolates where the MICy, for ceftaroline was 0.25
mcg/mL. Against a collection of penicillin resistant S pneumoniae (PRSP) isolates the maximum MIC observed
for ceftaroline was 0.5 mcg/mL, which was lower than all comparators except tigecycline (0.06 mcg/mL) and
possibly vancomycin (< 1 mcg/mL). Ceftaroline also demonstrated activity against a selected number of S
pneumoniae serotypes including serotypes 19A, 19F, 3, and 15A. The highest MIC reported was 0.5 mcg/mL
(Table 4). Please note that the highest MICy, for ceftaroline for any serotype was 0.25 mcg/mL, which was at
least 8-fold lower than ceftriaxone; this value is lower than all comparators tested with the exception of
tigecycline.

Table 4: In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents Against Streptococcus pneumoniae Isolates from the US and
Europe

Organism Gronp & = J.'safam .Eﬂfo_pt’.ﬂ.’! Loolate Organism Group & L8 Loolaes Luropean Lolates

| 4gent MIC, pgimL o0 MIC, pg/imL %5 | |4gent o MIC, ugiml s MIC, pgiml v
Range | MIC; ‘ MICy Range | MICs | MICyy Range ‘ MICs | MICy : Range | MICs ‘ MICyq

j;:gf;ﬁ;ﬁf;:f All 894 isolates 446 isolates PISP® : ___ 112 i::—:lares _ ] — 36 is:n]nres _ i

Ceftaroline <0008 05| 0015 | 012 | NA |=0008-05]=0008] 012 | NA ;:ii;fe G"'f_'f'J G:'\ 4 E;\ :4 Oi‘ Of Ez

Penicillin® <003->4 | =003 | 4 | 865 | =003-4 [=z003| 2 | o190

Amow/clav <1-16 <1 5 | 83| <116 | =1 | 2 | o33 |pmewda 2-16 § § |36 2-16 8 |42

Ceftriaxone <025-8 | 2025 | 1 | 908 | c025-4 |=025| 1 | opg |[cchuasenc 1-8 2 4 |4t 1-4 2 L L

Cefuroxime =1 g 703 -3 2 708 Cefuroxime 4-=8 8 =8 00 8 g 00

Erythronycin <025 | =2 | 616 5. T2 | oo4 ||tromycin =025 2 | =2 ] 18 A N L

| Azithromycin <05 -4 502 . 3 56,0 Azithromycin = 4 = 4 10 —1 — 53

Clarithromycin <025 | =32 | 597 5. -3 | coa ||Clithromycin »32 | =32 ) 10 P | =32 83

Clindamycin <025 | =2 | 793 5> =2 | 776 ||-indamycin 72 | =2 | 71 ) =005->2|=025) »2 | 639

L evofloxacin 1 1 004 . 1 071 Levofloxacin 1 1 90.1 =05-2 1 1 100

oxT <05 | =2 | 63 o5 =3 [ g 55T =2 =2 | 18 | =05-22 | 1 2| 111

Vancomycin i 1 | 100 | =t-z1 | =1 | =1 | 10p ||Vascomycm st st 100 =1-=1 ) =t ) st ) 100

Tigecycline <003-025 | <003 | 006 | NA |=003-025 =003 | 012 | na |[Heecycline 006 | 012 | NA |=003-025/<003) 006 | NA

pssp® 773 isolates 410 isolates PRSP ® isolates 0 isolates

Ceftaroline <0.008-05 | <0008 | 012 | NA |=0.008-025]<0008] 0.12 | ma ||Ceftaroline 05 NA -

Penicillin® £003-2 | =003 1 100 | =003-2 [=003| 2 100 ||Penicillin ® >4 00

Amox/clav <1-8 <1 2 | eso <1-8 =1 | =1 | 973 |Amoxiclay 16 0.0

Ceftriaxone <025-4 | =025 1 001 | =025-4 [=025| 1 054 ||Ceftriaxone 4 0.0 -

Cefuroxime <1-=8 <1 4 [ 824 | =1-=8 | =1 4 865 ||Cefuroxime >8 0.0 -

Erythromyein <025->2 | =025 2| 709 | =025-22 [=025| =2 715 ||Erythromycin >2 111

Azithromycin <05-=4 | <05 -4 | 601 | =05-=4 | 05| =4 | 711 ||Azithromycin =4 143

Clarithromycin | =025->32| =025 | =32 | 605 [<025->32[<025| =32 | 716 ||Clarithromycin =32 143

Clindamycin =025 [=025| 903 =2 |=025| =2 | 788 ||Clindamycin 2 333

Levofloxacin 1 1 905 | =05-=4 1 1 06.8 ||Levefloxacin 1 100

SXT <05 | =2 | 765 | c05-=2 =05 | =2 | 763 ||SXT - =2 0.0

Vancomycin 1 1 100 1-= =1 =1 100 ||Vancomyein =1-=1 =1 100

Tigecycline <003 | 006 | NA [<£003-025|<003| 012 | NA ||Tigecycline <0.03-0.06 | =003 NA
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US Isolates Enrapean Isolates Y
Organism Group & . TP . US Lsolates Enropean Isolates
[ 4gont MIC, ugimL oy MIC, ughnL spse ||Orgamism Gronp & VIC o T
Range | MICy | MICy Range | MICy | MICy sgent MIC, pgmL 5 g MIC, pgml 5 g
Selected serarypes 501 isolates Range | MICy | MICy Range | MICs | MICy
Ceftaroline <0.008-0.5 | <0008 | 0.12 | NA - - - - ||Serotype 154 8 isolates
Penicillin® =003-=4 | =003 | 4 | 862 j -
- - Es 01 =00 03 - - -
Cefiriaxone £025-8 | =025 | 1 | 907 - - - - Ceﬁarolm& SO008-012) <0008 | 003 | NA
Amox/clav =1-16 =1 8 | 831 - - - = ||Penicillin’ <003-05 ] 025 | 025 | 100 - - -
Cefiroine =18 L =t 8 Cefirasone <025-1 | 025 | 025 | 100 - - -
Erythomycin =025-22 | =025 | =2 | 616 - - - -
Clindamycin 2| 023 =2 | 702 - B B - ||Amox/clav 21-21 =1 =L | 100 - - -
Levofloxacin =2 1 1 004 - - - - Cefuroxime <1-4 Z1 <1 014 R . _
SXT =05-=2 | =05 =2 | 66.2 - - - - -
Serotype 104 189 isolates Er}'[]lern)-cm €025-212 >1 1 53 ) ) )
Ceflaroline <0008-05| 012 | 025 | NA - - - - |lctindamyvein 005-52 | =2 21 103 i
Penicillin® =003-=4 4 4 | 466 - - - - — —
Cefiriaxone <025-8 1 2 | 656 - - - — | Levofloxacin 205->1 1 1| 100 ) - -
Amox/clav =1-16 8 8 45 - - - - lsxr <05-%2 | =05 | =2 | 553 ) . .
Cefuroxime =1-=>8 g8 =8 36.1 - - - -
. A 4
Erythomycin - 2 | 265 N N . —|Serotype 19F 20 isolates
Clindamycin >2 =2 | $4 - - - - ||Ceftaroline =0008-05| 012 | 025 | NA - - -
Levofloxacin 1 1 100 - - - - 3 -
<003 -= / Y] -
T _ = > 078 Pentcillin <003-=4 4 4 ] 378
Serotype 3 82 isolates Cefiriaxone <025-8 | § | 635 - - -
Ceftaroline <0.008-0.12| <0008 (<0008 NA ; ) -
= = = Amox/clav <1-16 § § | 379 -
Penicillin® = =003 (=003 | o388 - - - - = !
Cefiriaxone =025 [<025] o088 - - - - ||Cefuroxime <1-=8 § =8 | 207 - - -
Amov/clay SR HL Rl Evtiomyein | <025-32 | =2 | =2 | 172 -
Cefuroxime =1 =1 98.6 - - - - - -
Ervihomycin =025 =2 | =025 <025 930 - - - - ||Clhndamyein <025-=2 ) 11310 -
Clindamycin <025-=2 | =025 [=025| 087 Levofloxacin <05-54 1 BT ] _ i
Levofloxacin 1 1 100 - - - - -
SXT =05-=72 <05 =03 100 SKT ‘_1:'._.'_',‘-::"]_ 2 2 1.' 2 -

a % susceptible according to CLSI M100-S19 (2009) or Tygacil Product Insert (2005)
b CLSI M100-S19, 2009 penicillin parenteral nonnmeningitis breakpoints (pg/mL): S: <2, 1: 4, R: > 8

Abbreviations: Amox/clav = amoxicillin/clavulanate; MICs, = minimum inhibitory concentration required to inhibit the growth of 50% of organisms; MIC90 =
minimum inhibitory concentration required to inhibit the growth of 90% of organisms; PSSP = penicillin-susceptible S. pneumoniae; PISP = penicillin-intermediate S.
pneumoniae; PRSP = penicillin-resistant S. pneumoniae; NA = not applicable (breakpoints not defined); - = not determined for fewer than 10 isolates; SXT =
trimethoprim/sulfamethoxazole; US = United States. Source: Study P0903-M-035, 2009; serotype analysis from Study P903-M-069, 2009.

Data from studies investigating the activity of ceftaroline against 2700 non-pneumococcal streptococci isolates,
including B-hemolytic Group A, B, C, F and G streptococci, and viridans streptococci, penicillin-intermediate
and —resistant isolates, fluoroquinolone-resistant and macrolide-resistant isolates are shown in Table 5.
Susceptibility testing of the isolates was conducted using Clinical Laboratory Standard Institute CLSI) approved
guidelines. Ceftaroline MICyq, values were <0.016 pg/ml for some B-hemolytic streptococci isolates tested.
Ceftaroline MICy, values were 1 pg/ml was reported against some penicillin-resistant viridans group
streptococci.
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Table 5: Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Non-pneumococcal Streptococci

Ceftaroline ) Ceftaroline
\Pathogen / phenotype N Range MIC, ng/ml Method  |[Pathogen /phenotype N Range MIC, ugiml Method
50% | 90% 0% | 90%
-Hemolvtic Group A 27 - Streplococcus pyogenes 54 |=0.008-0.03| =<0.008 | =0.008 Broth
Eireptoco-:-:i == <0016 | =0.016 | =0.016 microdilution
R e (Japanese
E‘E-:;ﬂ:]o‘::f Group B 26 =0016 =0.016 | =0.016 Streptococcus agalactiae 30 |=0.016-0.06| 0016 0.03 standards)
& ) i 9 - - IStreptococcus Group C 15 [=0015-003| =0015 0.03
ther j-Hemolytic 0 |=0016-003| <0016 | 0,016
treptococci - - - Broth  |[Streptococcus Group F 14 |=0015-003| =003 | 003
[p-Bemolstic streptococci- | 1o |0 016003 | 20016 | <0016 | mictodilution | ereprococeus Group G 2| % | Na | wa
levofloxacin-resistant (CLST)
[Viridans group streptococci Streproceccus agalactiae 18 =0.015 | £0.015
Penicillin-susceptible 32| =0016-1 |=0016| 003 cirenr 5 A NA
— - = - - treptococcus pyogenes N N4
Penicillin-intermediate 53 [ 20016-05] 003 | 012 7 prog
Penicillin-resistant 2| 003-8 | 023 1 [Viridans group streptococc _
Levofloxacin-NS i) =0016-1 0.06 0.25 Streprococcus acidominimnus| 2 _%0011}3_ NA NA
[Viridans group streptococci Streptococcus anginosus 3 NA NA lmcEerfﬁﬁrion
Penicillin-susceptible 11 |=006-=006| =0.06 | =006 lmcggﬁﬁtion Streptococes consteallatns 10 . . =0.015| 006 (CLSD
Penicillin-intermediate 7 <0.06-2 NA NA (CLST) Streptococcus intermedins 43 |=0.015-006| =0.015 0.03
Penicillin-resistant 0 0251 03 NA Streprtococcus mifis 4 |=0015-025| NA NA
i - - Streptococcus oralis 6 |<=0015-003| =0015 NA
Streptococcus pyogenes Streptococcus salivarins 4 =0.015 NA NA
Erythromycin-susceptible 01 [=0.008-003|=0.008 | =0.008 Streptococcus sanguis 1 012 NA NA
Erythromycin-NS 10 [=0.008-003| <0008 | 0015 lo-Hemolytic streptococci 3 =0.015 NA NA
Streptococcns agalactine Broth \-’jri.d.;.m'., not i.nclu_ding above | 40 ; 0.01? - 0.06 _ 0.013: 0.03
Erythromycin-susceptible 50 |=0.008-0.06] 0.015 0.015 | microdilution Penicillin-susceptible 105 [=0.015-0.06 | =0.015 0.03
Er‘\'rh1' — NS 2 |=0008-012] 0015 0015 (CLSD) [p-Hemolytic streptococci 3 0.03 NA NA
yrromycin-u: - =] : Streprococcits spp. 2 =0.015 NA NA
[Viridans group streptococci Brott
— - - — roth
Penicillin-susceptible 87 |=0.008-0.03) =0.008 | 0.03 Strepfococcits pyogenes 38 =0.008 =0.008 | £0.008 | microdilution
Penicillin-NS 14 0015-1 012 0.5 (CLSD
Ceftaroline
\Pathogen /' phenotype N Range MIC, ug/mi Method
50% 9023
Streplococcus pyogenes (pan- | .
. 50 | 0.001-0.008 | 0.008 0.008
kusceptible)
Sireplococctls pyogenes - 10 | 0004-0008 | 0004 | 0008
macrolide-resistant Broft
: - roth
areplococens dysgalactiae | 19 | 0,008 -0.015 | 0.008 | 0015 | microdilution
roup C (CLST)
Streptococcus dysgalactiae | 55| 6007 015 | 0.008 | 0.008
IGroup G
Streplococcus anginosns 10 | 0.004-006 | 0.008 0.06
Streptococcus mitis 10 0.004-1 0.008 012
. =0.008 - - Broth
Streplococcus pyogenes 13 = 0.008 =0.008 | =0.008 microdilution
Streptococens agalactiae 15 [0.015-0015 | 0015 | 0.015 (CLSD

Table 6 shows the in vitro activities of ceftaroline and comparator agents against non-pneumococcal

streptococci. The data was obtained from US and European isolates from a 2008 ceftaroline surveillance study.

The MICy, for ceftaroline against the B-hemolytic streptococci was 0.03 mcg/mL for US isolates and 0.015
mcg/mL against European isolates. Against US isolates of viridans streptococci, the MICy for ceftaroline of
0.12 meg/mL this is compared against the European isolates which was 1 dilution higher at 0.25 mcg/mL.
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Table 6: In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Non-pneumococcal Streptococci from the US and
Europe

o i G ¢ US Isolates Enropean Isolates
) igf?‘r‘”"‘ roup < MIC, pg/mL 0g 5o MIC, ug/mL. 2
Range | MICs [ MICy Range | MICsy | MICy
iii;::jl:j 117 isolates 179 isolates
Ceftaroline <0. .06 | =0.008] 003 NA NA
Ceftriaxone =0.23 100 100
Cefepime <0.12 100 100
Imipenem =012 NA NA
Penicillin 0.06 100 100
BT =03 NA NA
Erythronycin =2 734 793
Clindamycin =2 86.2 1.1
Levofloxacin 1 95.8 100
SXT > =035 NA NA
Linezolid 2 1 100 - 100
Vancomycin 1 0.5 100 03-03 0.3 100
Daptomycin 05 0.12 0.25 100 = 0.0 =0.06 100
Tigecycline =003-012 | =003 | 0.06 100 =0.03 100
viridans group 110 isolates 88 isolates
streptococei
Ceftaroline 0.03 012 NA =0.008-16 | 0015 | 025 NA
Ceftriaxone =025 1 00.0 =025->32 | =025 2 808
Cefepime =0.12 2 882 =16 | 023 1 92.0
Imipenem =012| 025 NA =§ [=012| 023 NA
Penicillin 0.12 1 718 3 0.06 2 784
BT =0.5 8 NA =05 4 NA
Erythronycin 1 =2 41.8 =025 =2 58.0
Clindamycin =025 ] 918 025 =2 88.6
Levofloxacin 1 =4 855 1 1 977
SXT =05 2 NA =05 2 NA
Linezolid 1 100 1 1 100
Vancomycin 05 0.5 100 0.3 1 100
Daptomycin ] 0.25 0.5 99.1 | 0.23 03 100
Tigecycline Z003-025| 2003 | 012 100 Z003-012 | 2003 | 006 100

a % susceptible according to CLSI M100-S19 (2009) or Tygacil Product Insert (2005). Abbreviations: MICsy = minimum inhibitory concentration required to inhibit the
growth of 50% of organisms; MICy, = minimum inhibitory concentration required to inhibit the growth of 90% of organisms; NA = not applicable (breakpoints not
defined); P/T = piperacillin-tazobactam; SXT = trimethoprim/sulfamethoxazole; US = United States. Source: Study P0903-M-035, 2009

Table 7 shows the activity of ceftaroline against vancomycin-susceptible and vancomycin-resistant
Enterococcus faecalis and Enterococcus faecium. Generally, ceftaroline demonstrated low activity against the
majority of the isolates tested. Test using CLSI approved guidelines showed ceftaroline MICyq values that
ranged from 4 ug/ml to >32 ug/ml for E. faecium. Against E. faecalis, ceftaroline demonstrated MICy, values
that ranged from 4 pg/ml to >16 pg/ml.
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Table 7: Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Enterococcus spp.

Ceftareline Cﬁfﬂﬁ "9“':’ le
Pathogen / phenotype N Range MIC, ug/ml Method  ||Fathogen /phenotype N Range MIG, ng/ml Methed
) 50% 0% 0% 0%
All enterococei 105 | 0.015->32 2 32 [Enterococcus spp. - USA 1202 0.06->16 4 =16
Enterocaccus faecalis [Enterococens spp. - Europe 652 0.03-16 4 =16
Vancomycin-susceptible 27 1-4 1 4 Broth Enterococcus fagcalis
Vancomycin-NS 26 012-8 2 4 microdituticn|| A11-USA 33| 012->16 N 8
[Enterococcus faecium (CLST) All - Europe 415 | 003-=16 2 8
Vancomycin-susceptible 25 0.015-16 1 16 Vancomycin-susceptible - USA| 686 | 0.12->16 2 8
Vancomycin NS 27 | 2332 32 =32 E@mm}rc‘“"’wel’“ble ; 410 | 003->16 2 g
urope
Enterecoccns faecalis 83 |Z0015-=32 1 8 ) :Erorh ancomvein NS - USA 47 05-16 4 g Broth
, 1 - 2 L, |microdilution - microdilution
Enterecoccns faecium 31 |=0015-=32 1 = 32 (CLSI) Wancomycin-NS - Europe 3 4.8 g NA (cLsI)
[Enterococcnus faecalis 33 0.25-32 4 8 Enterococcus faecium
Agar dilution || All-TUSA 431 =16 = 16
Enterococcus faecium 35 | 035->128 32 128 (CLSD) All - Europe 222 =16 =16
WVancomycin-susceptible - USA| 97 =16 =16
Enterococcus spp. Vancomycin-susceptible - 60 | 025.=16 16 16
Al 200 | 0.06-=16 2 16 Eurcpe
Vancomycin-susceptible 158 006-8 2 4 WVancomycin-NS - USA 334 16-=16 =16 =16
Vancomyein-resiztant 31 1-=16 2 =16 Vancomycin-NS - Europe 62 16-=18 =16 =16
Enterecoccns faecalis [Enterococcis spp. 206 | <0.015-> 64 4 = 64
Broth ; T noe_- e Agar dilution
All 182 05-8 2 rofl Enterococens faecalis 117 | 0.06-=64 1 8 “BSAC)
microdilution . - P N - \Baat)
Vancomyein-susceptible 157 05-8 2 (CLSI) Enterococcus faecium 73 0.5-=64 =64 - 64
Vancomycin-resistant 25 1-8 4 4 Enterococcus faecalis Broth
Enterococcus faecium Vancomycin-susceptible 102 025-16 2 4 microdilution
All 27 0.06-=16 =16 =16 WVancomycin-resistant 108 05-16 4 8 (CLSD
Vancomycin-susceptible 1 0.06 - 0.06 NA NA Enterococcus faecalis 50 0.12-32 1 4 Broth
N icroditut
Vancomycin-resistant 26 4.=16 =16 =16 Enterococcus faecium 25 0.5-=64 32 =~ 64 . (1(?;.,81;)101)

Abbreviations: BSAC = British Society of Antimicrobial Chemotherapy; CLSI = Clinical and Laboratory Standards Institute; MIC = minimum inhibitory concentration;
NS: nonsusceptible; NA: not applicable (for MIC50, fewer than 5 isolates; for MIC90, fewer than 10 isolates); USA = United States of America.

Table 8 shows the in vitro activity of ceftaroline and comparator agents against enterococci isolates from
surveillance studies for the United States and Europe. The MICy, for ceftaroline of 8 mcg/mL against the US
isolates of E. faecalis was more than 4-fold lower than that for ceftriaxone but was 4-fold higher than ampicillin
and imipenem, and was also 4-fold higher than the gram-positive agents linezolid, vancomycin and daptomycin.
Similar to the other B-lactams tested, ceftaroline was inactive against most isolates of E. faecium (MICgyy > 16
mcg/mL).
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Table 8: In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Enterococcus spp. from the US and
Europe

0 i G e US Isolates Enropean Isolates
] _:gﬁ':”m Toup < MIC, ug/mL 2 & MIC, pgimL 0§
Range | MICs | MICy, Range | MICs | MICy,

Fij‘;m‘"""*‘s *PP- 1202 isolates 652 isolates

Ceftaroline 0.06-=16 4 =16 NA 003-=16 4 =16 | NA
Ampicillin Z1-=16 2 =16 65.6 <1->16 2 =16 | 673
Ceftriaxone 2-232 =32 | =32 NA =32 | =32 NA
Cefepime 2->16 =16 | =16 NA =16 | =16 | NA
Imipenem =012-=8 2 =8 NA E 2 =8 NA
P'T 1-=64 8 =64 65.6 1-=64 8 64 | 673
Erythromycin =025-=2 >2 =12 17 =025-=2 | =2 =2 38
Clindamycin =2 =2 =2 NA 0 =2 =2 =2 NA
Levefloxacn -=4 =4 =4 24 =05-=4 2 =4 502
SXT =2 | =05 2 NA =05-=2 | =205 2 NA
Linezolid =8 1 2 0.6 025-2 1 2 100
Vancomycin = 1 =16 67.9 025-=16 1 16 | 897
Daptomycin 1 2 006 =012-4 1 2 100
Tigecycline 012 | 025 005 |=003-025| 012 | 025 100

The activity of ceftaroline was also assessed against a broad selection of bacterial isolates belonging to the
Enterobacteriaceae family (Table 9). Isolates from the US and Europe were assessed and MIC determinations
were done using both broth microdilution and agar dilution methods. The Applicant’s data showed that
ceftaroline demonstrated activity with MICs ranging from < 0.016 mcg/ml to >32 pg/ml against all isolates.
Generally, ceftaroline showed increased efficacy against most wild type isolates of the Enterobacteriaceae,
including Escherichia coli, Morganella morganni, Klebsiella spp., and Enterobacter cloacae. Against isolates
expressing extended spectrum B-lactamase (ESBL) or hyper-producers of AmpC B-lactamase, ceftaroline
demonstrated substantially little activity. Isolates of Proteus spp., Providencia spp., and Serratia spp. generally
exhibit higher MICs to ceftaroline than other members of the Enterobacteriaceae, with MICy, values typically >
4 meg/mL.
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Table 9 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Enterobacteriaceae

Cefiaroline
Pathogen N Range MIC, ngiml Method
50% 90%
Citrobacter freundii 20 0.06-=32 0.12 2
Enterobacter cloacae
Wild type 20 003-05 0.12 025
ESBL-producing strains 15 4-=32 =32 =32
AmpC 3 32-=32 NA NA
Escherichia coli
Wild type 20 [=0.016-025] 0.06 0.12
ESBL-producing strains 15 05-=32 =32 =32
Klebsiella pneumoniae Broth
Wild type 21 003-4 0.06 5 |microdilution
ESBL-producing strains 15 32-=32 =32 =32 (CLSI)
Morganella morganii - WT | 20 003-05 0.06 012
Protens mirabilis
Wild type 20 003-4 0.12 0.12
ESBL-producing strains 10 4-=32 =32 =32
Profens vulgaris - WT 10 0.06 - =32 2 =32
Providencia stuartii - WT 8 05-=32 2 NA
Providencia reigeri - WT 4 0.03-0.12 0.03 NA
Serratia marcescens - WT 20 012-8 0.5 2

Table 10 shows the activity of ceftaroline against ceftazidime-susceptible and —non susceptible
Enterobacteriaceae. Ceftaroline MICy, values for the majority of ceftazidime non-susceptible
Enterobacteriaceae isolates were reported to be >16mcg/ml or 1-64 folds higher than those reported for
ceftazidime susceptible isolates. Against isolates expressing extended spectrum B-lactamase (ESBL) or
hyperproducers of AmpC B-lactamase, ceftaroline has very little activity since these enzymes are known to
inactivate this class of drugs. Isolates of M. morganii, Proteus spp., Providencia spp., and Serratia spp.
exhibited higher MICs to ceftaroline with MICygs values > 8 mcg/mL. There were obvious differences with
MICy, data between European and USA E. coli isolates. Ceftaroline demonstrated MICy values of 0.5mcg/ml
compared to the European E. coli isolates which had an MICy, value of 16 mcg/ml. Similar trends were
observed for P. mirabilis, and Serratia spp.
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Table 10 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Ceftazidime Susceptibile and Resistant

Enterobacteriaceae
Ceftaroline
Pathogen N Range MIC, ug/mi Methed
50% | 90%
Emnterobacteriaceae
Ceftazidime-susceptible 833 |=003-=16 0.06 1
Ceftazidime-NS 220 0.12-=16 =16 =16
Citrobacter freundii
Ceftanidime-susceptible 50 0.06- 16 0.12 0.25
Ceftazidime-NS 33 4-=16 =16 =16
Emnrerobacter cloacae
Ceftazidime-susceptible 50 |=003-=16 0.12 1
Ceftazidime-INS 35 0.12-=16 =16 =16
Escherichia coli
Ceftazidime-susceptible 345 [=003-=16 0.06 0.5
Cefrazidime-NS 63 2-=16 =16 =16
Kiebsiella pnenmoniae Broth
Ceftanndime-susceptible 210 |£003-=16 0.06 025 |microdilution
Ceftazidime NS 66 1--16 ~16 | -16 (CLSD)
Morganella morganii
Ceftazidime-susceptible 34 |=003-=16 0.06 16
Ceftazidime-NS 2 §-=16 NA NA
Protens mirabilis
Ceftazidime susceptible 58 [£003-=16 0.06 4
Ceftazidime-NS 8 §-=16 =16 NA
Providencia spp.
Ceftazidime-susceptible 27 |=003-=16 1 =16
Ceftazidime-NS 4 8-=16 NA NA
Serratia marcescens
Ceftanidime-susceptible 59 0.12-=16 0.5 16
Ceftazidime-NS a 8-=16 =16 NA
Emnrerobacter cloacae 10 0.06-=4 0.12 0.25
Escherichia coli 10 | 003--1 | 006 | 05 |  DBroth
- - — microdilution
Kiebsiella pnenmoniae 10 006-=05 0.06 0.06 (CLSD)
Proteus mirabilis 10 | 006--05| 006 | 006 e
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Table 10 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Ceftazidime Susceptibile and Resistant
Enterobacteriaceae (continued)

Ceftaroline Cefraroline
Pathogern N Range _'HIC’ '”g””"r Medhod || parhogen N Range MIC, pg/ml Merhod
Escherichia coli o | oo so% | ev%
schernichiia colt - .
— : — - - — Cirrobacter freundii
ESBL-negative 25 0.015-2 0.06 0.5 e = : T3 0s 0 —
ftaridime- suse 25-05 25 NA
ESEP-producing 10 2-=128 16 128 eftazidime- suscephible =
P — - __,
Klebsiella pneumoniae Ceftazidime-resistant 8 i--8 g S
ESBL-nagative [ 12 | oos-2 [ o125 [ os Enterobacter cloacas
Klebsiella oxyroca Ceftazidime-susceptible 11 =006-1 025 1
ESBL-negative | 13 | 0.06-1 | 025 | L Ceftaridime-resistant 10 -5-=8 - 8 8
Kiebsiella spp. Esckerichia coli
ESBL-preducing [ 0 ] 2-16 | 4 [ s — — - - —
ESBL Negative 5 =006-1 0.12 NA
Enrercbacter cloacae = =
g sitiv § ) g
ESBL-negative, non- e 0.125 - & 025 1 . . ESBL Positive 10 3-8 3 g
. - . 25 Ado -3 L2 Agar dilution PO 1 L J A
?.1‘2?12..2:{ AmpC . (CLST) Putative Amp C ] 3 g 3 WA
AmpC-derepressad 10 §-=128 32 128 Klebsiella preumoniae
Proteus mirabilis 25 0.05-05 0.08 Q.23 ESBL nezative 5 012-1 025 NA
Proceus vulgaris 25 0015 -1 025 [ ~ -
— ESBL positive 11 012-=8 - 8 g
Morganella morganii - — Broth
non-derepressed AmpC 21 [=0008-16 | 003 1 Futative Amp C & ‘8--8 ki u.LLch-d:i].;.ti.on
AmpC-derepressed 2 32-64 NA NA Marganella margani (CLST)
Serraria liguifaciens 10 0.25-2 0.5 1 Ceftaridime-suzceptible 10 =006-=8 0.12
Serraria ficaria 1 0.125 A NA Ceftazidime-intermediate 1 & WA MNA
Servaria marcescens Ceftazidime-resistant 1 8 NA MNA
non-derepressed AmpC & 05-1 0.5 NA i -
AmpC-dereprassed 10 16-62 n 64 Proteus mirabilis
Fpm =il — 15 - . 1 q=
Cimobacrer freundii a4 013- 128 025 64 Ceftazidime-susceptible 15 | z006--8 | 012 0.23
Erneerebacrer cloacas 32 0.06-=128 0.3 128 Ceftazidime-resistant 10 2-=38 - 8 2
Escherichia coli 77 |0016-=128| 006 25 Providencia spp.
Klebsiella oxyroca 19 0.03--128 25 2 Broth Ceftamidime-susceptible a =006-=8 1 NA
Klebsiella pneumoniae 59 003 - 128 0.06 25 ml(;rodilllﬁ.on Ceftazidime-intermediate 1 2 HA A
- o - 13 3 13 apanesa
Morganella mergani 13 003 - 18 0.13 8 o Ceftazidime resistant 3 P 3 A A
Proreus mirabilis 42 0.03 ->128 0.13 128 - -
Proreus vulgaris 12 0.25 - 64 B 54 Serratia marcescens
Salmonella spp. 6 013-2 013 25 Ceftazidime-susceptible 5 1-=8 1 NA
Serraria marcescens 43 0.5-=128 1 32 Ceftazidime-resistant 5 -8-=8 - 8 WA
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Table 10 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Ceftazidime Susceptibile and Resistant
Enterobacteriaceae (continued)

Cefraroline Cefm”’ﬁ_""
Pathogen N Range MIC, pg/ml Medhod Pathogen N Range MIC, |'"g”“'r Merhod
5(e ope
J0%s Q0% S0%a 0%
Citrobacter amalonancus 2 32 M NA Klebsiella pueumoniae
? 2 -=32 MNA NA
. = . m A 21 3->32 0.12 32
Cirobacrer braakit 5 0.12-0.235 0.12 NA —
. o A A 108 3-=32 0.12 0.5
Cirrobacrer farmert 1 2 A A 1 3 -2 R 3
Cimrobacrer _fremndin 14 012 -=32 025 32 -
— - — — — Morganella movganti
Ceftazidime-susceptible 10 0.12-035 025 0.25 AL 12 0.03 - 32 0.0 32
- ridime re s ieta 537 Ta 1A
Ceftazidime-resistant * 32--32 HA A Ceftazidime-susceptible 11 0.03 - = 32 0. 0.5
Cinokacter kesert {diversus) Ceftazidime-resistant 1 32 Na NA
Ceftazidime-susceptible 10 0.06 -0.05 0.1 0.25 Protews mirablis
Cirrebacter youngae 2 0.12-0.12 NA NA Al 57 003 -=32 0.12 32
Enrercbacrer agglomerans 2 0.06 - 0.06 WA NA Ceftaridime-susceptible 53 0.03 - =32 0.06 4
Encercbaceer aerogenes Ceftazidime-resistant 4 32 NA NA
Ceftazidime-susceptible 10 0.12 0.25 Broth Proteus penneri 2 0.12-0.5 MNA NA Broth
Enterebacier cloacae 43 32 32 ‘microdilution | | Profeus vulgaris 7 025-=32 0.5 NA mLcrodi}llﬁon
Ceftazidime-susceptible 2 0.5 g (CLSD) Providencia rengeri 2 0.06-0.12 WA NA (CLSI)
Ceftazidime-resistant 21 32 32 Providencia starni 2 B-=32 A NA
Encercbacter hormaeckei 1 WA NA Salmonella typhi ! 012 A Ha
. - A Sall 11 . 1 0.25 NA NA
Enrercbacter sakazaki 1 MNA MAa S_F r.lroa-.lrlr.a PP - 1 — = _‘:
Escherichia coli 711 0.06 03 erratia Nguefacies = = —=
— — — Serratia marcescens
Ceftazidime-s eptible 715 |= 0.08 0.5 I 5 05.—33 1 3
ftazidime-resistan 3 HA NA ™
< E:'ta__c-‘._n:e resistant ? — _‘: Ceftazidime-susceptible 7 32 1 32
Escherichia spp L A S Ceftazidime-resistant 1 =32 A NA
Hafnia alver 4 0.5-16 NA NA Servaria plymuthica 1 0.12 NA NA
Klebsiella oxytoca Enrerobacteriaceas
Ceftazidime-susceptible 29 0.06 -=32 25 2 1010 | =0.015-= 32 0.5
Klebsiella ozaenae 2 0.12-4 NA NA 49 2-= 32 32
Ceftaroline Caftaraline
. 1 "II. . Pachogen N Range MIC, ugiml Method
Paihogen N Range MIC, pg/ml Mechod 50% )
0% 00% Escherichia coli - USA 1076 | 0015 -= 16 012 0.5
. 13 = . nz 19 Escherichia coli - Europe 1143 (= 0.008 -= 146 012 16
’ TACEaE 3 3= 12 g ] = - S 5
All Enterobacieriaceas 368 | 0015-=32 | 023 12 Kicbeiclla -pp. - USA 706 |= 0.008 - 16| 012 16
Enterchacer aerogenas Klebsiella spp. - Europe 436 (= 0008 -=16 0.12 16
ESBL . | - | 0.03 21 | 012 | an Enrerobacter spp. - USA 403 (= 0.008 -= 16 025 16
3 negative 4 Mr-=32 == —-= Enrerobacrer spp. - Europe | 226 | 00038 -= 14 0.5 16
Entercbacter eloacae Citrobacter spp. - USA 79 0.06 -= 16 0.25 16
ESBL — | 1 | 0.06-2 | EE | 05 Citrebacter spp. - Europe 49 0.06 - =16 0.12 16 Broth
3 negatve 4 - e el Proveus mirabilis - USA 120 0.03 -16 012 0.25  |micredilution
Escherichia coli Proteus mirabilis - Europe 88 003 -=16 012 4 (CLSI)
- " ~ - Indole-positive Prorens spp. 3 - =
ESBL negative 5l 0015-18 0.06 1 UEA 8 003 -~ 16 0.2 16
o s 5 =11 L) 11 Indole-pozitive Prorens spp. - a3 s
ESBL positive 26 | 0.06-=32 32 12 Furope 47 0.03 -= 16 02 16
(ebst 3 erraria s T 182 s
Klebsiella pneumoniae Broth Serratia spp. - USA 182 | 0.25-=16 1 4
enk Lerraria spp. - Europe 108 012-=16 1 16
o . 5 3. 75 (microdilution - —
ESBL negative 50 0.03-1 0.06 0.25 (CLs] Salmensila =pp. - USA 28 0.06 - 025 0.12 15
ESEL positive 43 05-=12 12 12 Salmonella spp. - Europe 15 0.12-025 0.12 0.25
. 4 27 " 21 Escherichia coli
Morganella morgani 21 | 006-=132 32 32 o 57 0015 -1 o012 >
Proteus mirablis 16 0.03-32 0.06 4 Ceftazidima-susceptible 441 -1z o1z 0.5
X . Ceftazidima-I5 28 128 128 128
P."S'H'-!'{l’ﬂf‘?ﬂ renger ./ 15 006-=32 1 4 Enrerobacrer cloacae
stuarti All 123 |006--128] 03 128 | Agar dilution
. - P T— = 5 s (BSAC)
P."S'Il’ﬂ'iil'lllgﬂ.l'fi 16 003-=132 16 12 Ceftazidime-susceptible 9B 006 - 128 0.5 2 |
Ceftazidima-I% 25 4-= 128 64 128
Serrania marcescens 16 05-16 03 ) Enrerobacter aerogenes
4 ' 15 5 g ATl 1 175 - 312 5 .
Shigella species 15 [ 0015-025 | 003 012 22 4 0113-32 03 15
- " R T Ceftaridime-susceptibla 12 0.125 -8 025 4
Salmenella species 16 | 006-=32 | 012 kX Cefiazidime-115 2 16-32 TA NA
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Table 10 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Ceftazidime Susceptibile and Resistant
Enterobacteriaceae (continued)

Cefraroline
Pachogemn N Range MIC, pgrml Merhod
sg7e | ooes
Other Enrsrobacter spp.
Al 20 006 - 128 025 18
Ceftamidime-susceptible 18 0.06 -2 025 1
Ceftazidime-1% 4 2-128 A A
Klebsiella preumoniae
Al 142 Q.G - = 128 0.25 16
Ceftazidime-susceptibla 129 006 - 32 025 1
Ceftamidime-I% 13 16 -= 128 128 128
Klebsiella oxaroca
Al 51 003 -=128 0.5 28
Ceftamidime-susceptible 48 003 -=128 025 1238
Ceftazidims-115 3 2_128 WA A
Orther Klebsiclla spp.
Al 13 0.06 -4 Q.25 2 Agar dibution
Cefiazidime-susceptible 13 0.06 - 4 025 p} (BSAC)
Serraria marcescens
ATl 109 0.5 - =128 1 32
Ceftazidime-susceptible 109 05 -=128 1 32
Other Serraria species 10 008 -2 0.5 2
Proreus
Proreus mirabilis 157 0.03 -8 Q.06 0.5
Proteus vulgaris 7 0.06 - 4 025 NA
Proteus penneri 1 1 NA NA
Morganella morganii
Al 22 =0.015 - 16 008 0.5
TWild type 2 = 0015 -035 008 0.5
AmapC 2 2-18 A MNA
Providencia spp. 2 0.03 -2 A MA
Cafraroline
Parhogen N Range MIC, pugiml Mechod
J0% 0%
Cirrobacrer kosert (CAZ-5) 104 0.015 -2 012 0.5
Cirrebacrer freundi e - -
(CAZ-S) 107 006 -=16 025 0.5
i:lll-:;f;;rc{n' cloacae 03 0.015 - 2 025 05
fél_:gf;;rcxer AErogeEnes 03 003 - 16 012 05
Escherichia coli (CAZ-5) 102 0.015 -8 0.12 025
?S:ﬁ;{g:n:apunuuanrae a2 0015 -1 0.06 05
Klebsiella oxyroca (CAZ-5) 102 0.03 -8 0.12 0.5 Broth
Morganella morganii . - microdilution
(CAZ-S5) 101 003 -=186 0.12 16 (CLSD)
Proreus vulgaris (CAZ-5) 100 006 -=16 1 16
12‘1‘;;"”‘“ rengart 102 | 003-=16 0.06 1
121‘;;’:”" s 105 | 0.03-=18 2 16
Proteus marabilis (CAZ-S) 105 0,03 -1 0.12 0.25
.?.'rr‘raurr‘marr E5CENS 08 035 -~ 16 1 2
(CAZ-S)
Salmonella spp. (CAZ-5} 104 0.08 - 18 012 0.25
Ehigella spp. (CAZ-5) 104 0.03 -2 012 .25

Surveillance data that evaluated the in vitro activities of ceftaroline and comparator agents against isolates of
Enterobacteriaceae from the US and Europe from a 2008 ceftaroline surveillance study are shown in Table 11.
Here the Applicant reports that the activity of ceftaroline and ceftriaxone against US isolates of E. coli (MICy,
0.5 mcg/mL and < 0.25 mcg/mL, respectively) was lower than for the European isolates (MICyy 16 mcg/mL); a
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phenomenon reflected by the fact that a greater proportion of ESBL producers were located in the European
subset. In the collection of US surveillance isolates that included ceftazidime-resistant subsets, the MICqgs of
ceftaroline and ceftriaxone were generally similar and both were high (> 16 mcg/mL) against Klebsiella spp.,
Enterobacter spp., and Citrobacter spp. Against the US indole-positive Proteus spp., the MICy, for ceftaroline
also was higher (>16 mcg/mL), while that for ceftriaxone was 4 mcg/mL. The MICs for ceftaroline and
ceftriaxone were lower against Proteus mirabilis (MICy, for ceftaroline and ceftriaxone of 0.25 and < 0.25
mcg/mL respectively), Serratia spp. (MICy, for ceftaroline and ceftriaxone of 4 and 2 mcg/mL respectively),
and Salmonella spp. (MICy, for ceftaroline and ceftriaxone of 0.25 and < 0.25 mcg/mL, respectively).

Table 11 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Enterobacteriaceae from the US and
Europe

. LS Irolates European Isolates U8 Tsolates Enropean frolaies
gr_z;ni::e' Group MIC, ugimL - MIC, ugimL o 5° g“z;:?:” Group MIC, ygimL . MIC, _.z-g mL s
Rangze | MICx | MICw Ranze | MICs [ MCx ’ Ranze | MICx|MICk wE Range | MICx|MICw| ’
Escherichin coli 1076 isolates 1143 ivolates Enterobacter spp 102 isolates 226 isclates
Ceftaroline OOIS-=16) 012 | 05 | WA |=0008->16 012 | 18 | MA |leonorglime c000a-=16] 025 | =16 | wa |-oo0z-=16] 05 16 | MA
Cefriaxone 025232 =025 |=025| 960 |=025-=32|=025| 16 I | Fa— 035—-32| =025 | a2 314 |-om-_-32| o 2 | o0
Cefepims =012->16 | =012 (=012 | 941 0l2-=16) =012 | 12 37 ||cefepime _0.13- 16| =012| 2 970 :c-.u- 16| =012 | 4 73
Cefrazidime 1-=168 = =1 948 =1-=16 =1 2 23.1 (Ceftazidime 1-=16 =1 16 79.4 =1-=16 =1 16 56.4
Cefroxime 1-=16 4 16 858 =21-=16 4 16 | 838 ||Cefuroxime <2->16 ] 16 516 £2-=16 16 16 | 358
Cefazolin 22-=16 | =2 16 340 =2-=16 | =2 16 | 709 ||Cefazolin 21-=16 16 16 17 <2-=16 16 16 | 58
Imipenem =012-4 | =012 | 025 100 012-4 | <012 025 100 ||Tmipensm : 1 000 | =012-=8| 0 1 957
Ermapenzim 006—1 | =006 |=006| 100 0.06-1 | =008 |=006| 100 ||Erapenem 0.5 970 | <o006->8 08| os 73
Ampicillin 1-=16 15 16 26.4 £1-=16 - 16 16 | 411 ||Ampicillin 14 04 1-=18 16 16 7.1
bT =05-=64 | 2 4 9535 | =05-=¢4 2 16 oL ||pT 64 3.6 | =05-=64 | 4 64| T30
Levofloxacin Z05-=4 | =0 4 743 Z05-=4 | =0 -4 | 765 ||[Levofloxacin =05-=4 | =03 1 033 Z05-=4 03 4 | 267
Amikacin 0.5-32 2 4 w7 [z025-=32 4 206 ||Amikacin 2025-=32( 1 2 2.0 05-=32 1 4 07,3
Tigecycline 0.03 - 012 | 02% 100 0.06-1 012 | 025 100 |[Tigecycline 0.06-=4 | 025 1 085 12—4 0.25 1 9.6
Elebsiells zpp. TOE izolates 436 isolates Citrebacter :pp. 79 isolates 49 isolates
Ceftaroline <0.008->=16| 012 16 NA  [zoo02-=16] 002 16 | MA ||Cefaroline 006-=18 | 023 14 NA 6—=18 | 012 16 | mA
Cefrriaxone =025->=32|<025| 16 294 [=025-=32|=025| =32 | 778 ||Cefriaxone =025-=32[=025 | 32 348 025-=32|=2025 [ =32 | 216
Cefepime Z012-=16|=0. 2 0235 |=002-=16| <012 16 | 230 ||Cefepime =012-16 | =012 2 03.7 012-=16 =012 1 05,0
Ceftazidime 1-=16 | =1 16 201 =1-=16 | =1 16 | 816 ||Cefmzidime 1-=16 | =1 16 | 823 =1-=16 | =1 16 | 837
Cefuroxime 22-=16 | =2 16 20.0 =2-=16 | =2 16 | 711 ||Cefuroxime =216 4 5 734 =2->16 4 16 | 753
Cefazolin =2-=16 | =2 16 202 =2-=16 | =2 16 | 672 ||Cefzzolin 22-=16 15 6| 253 =2-=16 16 16 | 469
Imipenem 12-=8 | 025 | 05 052 012-=8 [ 025 | 05 [ 963 ||lmipensm 012-4 | 02 1 100 =012-2 | 025 1 100
Ermapenzim 06—=8 [ =006 | =006 | 0850 006-=8 [=006| 025 | 263 ||Erapenem 006—5 |=006| 025 | 987 =006—1 [=zo008| 012 | 100
Ampicillin 1-=16 15 16 41 1-=16 - 16 16 | 46 ||Ampicillin 4-=16 16 16 12.7 2-=186 16 16 | 143
bT =05-=64 | 2 2 2035 | =05-=64 2 84 | 210 |[pT 1-=64 2 64 36.1 - 64 2 64 857
Levoflowacm Z05-=4 | =0 - 4 831 =05-=4 | =0 - 4 83.7 ||Levefloxacn “05-=4 0.3 4 0.0 “0F-=4 | =05 1 239
Amikacin 025232 4 046 05-=32 1 16 058 ||Amikacin 02516 2 100 05-=32 1 2 280
Tigecycline 0.06-4 025 1 992 012-2 25 | 05 100 | |Tizecycline 0.12-1 025 | 03 100 -1 025 | 05 100
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US Isolates Enropean Irolares T75 Isolaes Enropean Isolores

Organism Gronp — P ——— Organism Group T o P

& dgem MIC, ugimL 2 50 MIC, pgimL o5 | & Agemt MIC, pginl - MIC, ugimL 05 5°

Range | MICs | MICw Range | MICa | MICw Ranze | MICx | MiICw Ranse | MICs |MICk

Protens mirabilis 1210 izolates 58 isolates Serraria spp. 182 isolates 108 isolates

Cefraroline 0.03-16 015 NA 0.12 4 HA Cefraroline 025-=148 4 HNA 0.12-=14 1 16 A

Cefiriaxone =025-4 =025 100 0.25 | =025 | 043 | |Cefmiaxone 025-=32| =023 2 954 | =025-%32|=015 16 87.0

Cefepime =012-1 012 100 =012 | 025 064 | [Cefepime =012-14 | =012 | 025 983 | =012-=146] =012 1 201

Cefazidime <1-4 < <1 100 =1 <1 277 | |Cefiazidime 1-=16 =1 =1 987 =1-=16 =1 =1 281

. Cefuronime i-=16 - 16 16 1.1 16 - 16 - 16 16 0.0

(Cefiuronims =2-16 =2 4 Qa2 Z2-=16 < 4 23,

Cefarali " v : T Py " ” 3 v e Cefzzolin §-=16 - 16 16 0.5 16 - 16 16 0.0
e === - - | = Ll | r— 025-=8 | 1 : | ses | zoi2-4 | 1 : | 100
I 5 _ 4 o0 \_

[mipensm e : oo | zoaa-4 ] ! S L -T— 006-4 | =006 =006 993 591

[Erapensm = 0.08 =0.06 [ =0.06 100 Z006-012 ) =006 [ =006 100 Arcpicillin =16 15 16 38 93

Ampicillin =1-=16 = 14 Taz =1-=16 <1 16 63.8 BT =05-=564 2 4 945 832

BT =05-4 = 1 100 Levofloxwacim =05-=4 | =03 1 973 889

Levaflowacic =05-=4 | =0 . 4 733 Amikacin 0.5-16 2 4 100 0.1

| Amikacin 1-16 2 g 100 Tigecycline 0.12-4 ] 1 995 87.2

Tizacvcline 025-=4 2 4 20 Salmonella spp. 18 isolates

Tndole-positive 48 isolates Ceftaroline 0.12 02s WA MNA

(Protens spp. ’ Cefimizxone 0.25 (=023 100 o0

(Ceftaroline 003->16 | 05 16 NA Cefepiine 1 0.12 100 100

Cefirianone <025-32 |<025| 4 038 Ceftazidime £1 =1 ] =t 100 100

2 a e 3 933

Cefepime 012-16 (=012 | 025 | @79 Cefuonine z1-18 ! : 925 e

PR— 1 P - 6 Py Cefazolin -4 =2 =2 100 100
s - =1 Tmipenem 5 100 100

(Cefuronims 1-=14 16 16 08 Ertapenem 100 100

(Cefazolin =2-=16 18 15 6.3 Ampicillin 100

Imipensm 05-4 2 4 100 BT 100

[Erapensm 006-012 ) =008 | =004 100 Levoflowacin 5 - 100

Ampicillin =1-=16 16 16 104 Amikacin = 2 5 - 1 1 100

BT =05-16 05 3 100 Tizecycline 0.06-03 0.25 05 100 012-05 025 k) 100

— — — rdinz to CLSI M100-519 (2008) or Tygacil Product Insert (2003)

Levofloxacin 0f-=2 0 - 4 7 L . -

= = minimum inhibitory concentration requited to mhih

Amikacin 0 2 4 100 MI I nrantmarion raquired w inhibis the zrow

P e _ "< - - applicable (breakp afined); P/'T = piperacillin‘tazobactam:; US

Tigecycline iocd - - Bl Source: Sady POOJ3-M-035, 2000,

Another study examined the effect of ceftaroline on the activity of Haemophilus influenzae, including isolates
expressing B-lactamase as well as B-lactamase-negative ampicillin-resistant (BLNAR) isolates with mutations
affecting penicillin binding protein 3 (PP3) (Table 12). MIC values determined by broth microdilution were
higher for B-lactamase-positive isolates (N = 448) compared to those lacking B-lactamase (N = 923) (Table 11);
however, MICqgs for both were < 0.06 mcg/mL in 7 out of 8 studies. (In study 1563-102, the MICy, for 10 -
lactamase-positive isolates was 0.25 mcg/mL.) The highest MIC observed among the BLNAR isolates (N =
160) was 0.25 mcg/mL. Against H. parainfluenzae, with an MICy, of 0.06 mcg/mL from a single study of 24
isolates was reported.
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Table 12 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Haemophilus

Ceftaroline MIC, jig/mL

Pathogen / Phenotype N Range Method Reference
0% 90%
H Tiilus 2
aemophilus influenzae - Study
B-lactamase negative bi] <0.016 <0016 | =0016 | B0 | ppoga o0l
microdilution 2004: Sad i
B-lactamase positive M [£0016-025| 0016 | =0.016 sy [ SOe'r eral,
2005
BLNAR 30 | =0016-003| <0016 0.03
. B’dol;ht Sﬂld'_\«'
(Haemephilus influenzae | 71 [<0008-025| <0008 | 006 |™SO™UM%Tax 500100053,
(Japanese 2003
standards)
o Broth Study
\Haemophil : . . . ) . !
“’1""}’ s infienzae |y 0015012 <0015 | 0015 | microdition | POSO3M.002,
f-lactamase negative (CL8D) 2003
\Haemophilus influenzae
Plactamasenegative | 11 | <006-012| <006 <006 | | _B""f“ .| Study 1563-102,
microdilution "3004
p-lactamase positive 10 =006-=8 <0.06 0.25 (CLST) <
BLNAR 3|2006-2006f =006 NA
\Haemophilus influenzae
ampicillinsusceptivle | 26 [<0015-006| 0015 | 003 | Agardilution| 5o
CLaI P0903-M-004/
p-lactamase positive 22 [£0015-0125) =0.015 0.03 (not ) 011, 2006
impermeability/efflux 9 | 00150125 0.03 NA
H Tiilus i z
aemopniing Hlﬂllﬂl' ag bt Smd'_\"
Al 300 | £0008-2 | <0008 | 003 B pgg3 MLOI0,
microdilution 2006. Ge et al
f-lactamase negative 199 | =0008-1 =0.008 0.013 (CLSI) - '1009391 a4,
p-lactamase positive 101 | =0008-2 | =0.008 0.013

Ceftaraline MIC, ug/mL

Pathogen / Phenatype N Range Method Raference
e | o0%
Haemophilus influenzae
- - Pa— . Study
Al 105 | 0.015-025 0.015 0.12 Broth D0903-M012,
B-lactamase negative 27 | 0015-0015 0.015 0.013 micredilution | 2006; Brown and
P-lactamase positive 52 | 0015-006 | 0015 0.06 (CLED TE%‘E‘;‘"‘L
BLNAR 26 | 0015-025 0.12 0.25
Haemephilus influenzae Seud
Study
Al 119 [=0003-006] =o0008 0.015 mil:ﬁm B0903-MA01E,
B-lactamase negative 94 [=0.008-0.03] =0008 0.03 sy | 9 -';g’n?;t al.
B-lactamase positive 25 [=0008-006| =0008 0.015
Haemophilus influenzae
All-UsA 381 |=0008-012) =0.008 0.015
All - Europe 203 |=0008-006) =0.008 0.015
Brlactamase negative - | yos | o0g.006| <0008 0.015
UsA Buoth Stdy
tamase nesative - muicredilution | POS03-M-035,
Ei‘;‘:?m megalive s | yop |zoo0s-006| =o0g0s | 001 (CLST) 2009
B-lactamase positive - r . .
UsA 106 |=0008-012| =0008 0.03
Plactamazepositive- | o0 | oo0s-003| <oms | oas
Europe
Haemophilus influenzae
B-lactamase negative 110 |=0008-025) =0008 0.015
— - - " Bioth Study
b-lactamase positive 101 [=0008-012( =0.008 0.03 micmlcil.urim F90 3_}{{_305 3,
BLNAR 104 |=0008-025 0.06 0.12 (CLST) 2009
Haemoplils 2 |0008-006| 0013 0.06
\parainfTuenzae

Abbreviations: BLNAR. = fi-lactamase-negative ampicillin-resistant; CLSI = Clinical and Laboratory Standards
Instimre; MIC = minimum inhibitery concenmation; N = number of isolates; USA = United States of Amearica.

Table 13 shows the in vitro activities of ceftaroline and comparator agents against Haemophilus influenzae for

US and European isolates from a 2008 ceftaroline surveillance study. Ceftaroline had lower MICs than those of

the comparators. The highest MIC for ceftaroline against any isolates, including those producing -lactamase,

was 0.12 mcg/mL, which was 4-fold lower than for ceftriaxone. Against 104 BLNAR isolates, whose ampicillin

resistance is the result of mutations in PBPs, the MICy, of ceftaroline of 0.12 mcg/mL and the highest MIC
observed for ceftaroline of 0.25 mcg/mL was lower than all comparators.
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Table 13 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Haemophilus influenzae from the US and
Europe

0 c US Isolates Eurapean Isolares
rganism broup i
MIC, pgimL : MIC, pg'mL :
& Ageni HE 5 5 HE ag g
Range | MIC |MIC, Rapge | MIC,, | MIC,,
Haemophilus , .
. P 351 isolates 203 izolates
influenzae - All
oons_0 1l - N T YT RN DO
Ceftarolne = 0.008-0.12| =0.008 | 0.015 N 0.0 <0008 | 0015 | NA
Lupicillin =1-=16 | =1 16| 717 [=21-=16 | =1 8 85.2
Amoxt/elay =1-8 < =1 98.7 =1-4 =1 =1 o
Ceftriaxone =025-05 | =025 |=025| 100 [=025-05] =025 [=025| 100
Cefuroxime =1-=8 < 2 984 =1-8§ =1 2 995
Erythromvemn 025-=8 4 8 NA 1-=8§ 4 8 NA
Azithranayem 05-=4 1 2 8982 | =05-=4 1 2 98.5
Clanthromyein =025->32 ] 16 76.9 2-=32 g 16 83.7
Clindamyein 1-=12 2 2 NA 05-=2 2 2 WA
Levofloxacin =05-205| =05 | =035 | 100 =05 =05 [ =05 | 100
SXT =05-=2 | =05 2| Bo6 [=035-=2] =03 1| m1s
Tigecycline 025-2 0.3 1 NA 025-2 1 NA
o G 75 Isplares Enropean Trolates
rganism Group r——— .
& dgent MIC, pghnk Bg 5® MIC, gl 25 5
Range | MICs | MICy, Range MICs, | MIC,
[ Haemoeplilns
T Tuenzoe - 104 isolates 20 isolates
[f-lactamaze pos.
(Cefrarcline <0008 [ 0.03 HA =0.008 [ 0015 [ Ma
18 14 0.0 16 - 16
=<1 g | Log -2 =1 =<1
(Cefiriaxone 025 [ =025 100 [=025-05| =025 [ =025
(Cefiromime =<1 2 8.1 =1-2 =1 =<1
Ervthromycin 4 g (] 1-8 4 B
Azithromycin 1 2 100 05-2 1 2
(Clarithronyycin g 15 6.4 X-148 2 B
(Clindamycm 2 2 A 0.5—=12 2 2
1avofloxacin =05-=05| =05 | =05 100 =05 | =05
SHT 2 =05 2 B3.0 =05 2
Tigecycline 0.5 1 HNA 1 1
Haemophils
i Tuenzae - 275 isolates 174 isolates
f-lactamaze neg.
(Ceftaroline 0.008 — 0.04) = 0.008 | 0.015 0.008 | 0.015 MA
=1—4 <1 =<1 =1 <1 99_4
lav =1-8 1 =1 =1 =1 100
(Ceftrianone =025-0.5 | =025 | =0.25 25 =035 [ =025 100
(Cefrorime =1-=8 = 2 985 =1-8 =1 2 994
[Ervihromycin 05—-=8 4 g MNA 1-=8 4 B WA
Azithromycin 0.5 —=4 1 2 9E.9 =0.5-=4 1 2 983
(Clarithronyycin 1-=32 g 14 T7.1 2—=32 L & 379
(Clmndamycin 1-=12 2 2 A 2—-=2 2 2 ™A
Levofloxacin 0.5 05 =05 = 0.5 100 =0 =05 100
SHT 2 =05 2 T0.48 =0. 2 822
Tigacycline 0.25 -2 5 1 NA 1 MA

a % susceptble according to CLSI MI1DJ-519 {2009) or Tygacil Product Insert

Abbreviations: MIC,, = minitwm imhibitery concantration required to inhibit the growth of 50%: of orgamizms;
MIC;: = minimum inhibitory concentra; required to mhibit the growth of 90% of organisms; NA = not
applicable (breakpaint: not defimed): £ claw = amoxicillin'clavulanate;
5XT = mmethoprim/sulfamethoxazele; U3 = United States

Source: Stady POS03-M-035, 2008
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Table 14 shows the activity of ceftaroline is active against Moraxella catarrhalis, with all MICqy < 1 mcg/mL
including B-lactamase-positive isolates (N = 452). Please note that Moraxella catarrhalis p-lactamases are of
two types (BRO-1 and BRO-2) distinguished by isoelectric focusing and are quite different from B-lactamases
from other bacteria genus. The two enzymes are phenotypically similar with BRO-1 being the most abundant
(some estimates have it at 90% in all p-lactamase-positive isolates)*>. The MICy values from nine studies
performed with broth microdilution were all < 0.5 mcg/mL (Table 14). In one study performed with the agar
dilution method the MICq, was 1 mcg/mL. The Applicant states that many of the M. catarrhalisisolates
contained B-lactamase BRO-1 or BRO-2 based on their resistance to ampicillin and susceptibility to
amoxicillin/clavulanic acid and ceftaroline has activity against these resistant organisms.

Table 14 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Moraxella catarrhalis

Ceftaroline
\Pachogen / Phenonpe N Range MIC, pgimL Methed Reference
J0% | p0%
Broth Srady POS03-M-001
\Woravella cararrkalis 5 | =0016-0.02 | 008 | 012 | micrediludon | . o 2T T
N 2004, Zadar eral, 2005
(CLSD ' ’
IMeraxella cafarrhalis .
All 107 | =003-05 | 006 |01z |  Breth Smady POS03-M-010,
- — — —— microdilution - i
fi-lactamase megative | @ | =<003-=003 [zo03| WA [CLST) 2006; Ge et al, 2008
f-lactamase posiive o3 =003 -0.5 006 | 0.25
Broth
Moraxella camarrhaltis | 50 | =008-05 | 025 | o5 | WioSiten | SmayTALIIN00053
standards)
\Weraxella cararrkalis Broth
f-lactamase negative 6 | =006-=008 =008 WA | microdiluton | Study 1563-102, 2004
f-lactamase positive | 5 0.12-05 025 | ¥a (CLSD)
\Moraxella catarrkalis 27 =0.004 -1 0.25 1 AEE—E i-‘é-l‘:jm'-" ;}gi‘f{ﬁﬁ;‘{;‘;—? i-::}':l_
Broth
IMeraxella cararrhalis | 101 =0015-1 0125 | 025 | microdiluton [Smdy POSO3-RL-012, 2004
(CLSD
Broth
\Woravella cararrkalis 1 0.25 MNA | MA | microdiluton |Stody POSQO3-M-013, 2004
(CLSD
Broth . P
Woravella caarrhatis | © | 0.015-05 | 012 | 05 | microdiution | STdY BOS03-2-DIE.
; 2007; Ge et al, 2008
(CLSD
Broth
\Weraxells cararrkalis | 101 | = 0003 -0.5 006 | 012 | microdiluton | Smdy P203-M-053, 2009
(CLSI)
Broth
\Meraxella cafarrhalis 25 0.001 - 006 003 | 0.08 | microdiluton | Smdy B903-M-057, 2008
(CLSI)
Abbreviatons: CLSI = Climical and Laberatory Standards Instinute: MIC = mipipwm mhibitory concentraton; MNA: oot

applicable {for MIC,,. fewsr than 3 1selates; for MICw, fewer than 10 1solates)

Table 15 shows the in vitro activity of ceftaroline and comparator agents against Moraxella catarrhalis. Most of
the data for M. catarrhalis were taken from a study performed to support ceftaroline Tier 2 label claims (Study
P903-M-053, 2009). The isolates in study P903-M-053 were primarily US isolates collected during 2007 and
2008 as a part of the SENTRY Surveillance program by JMI Laboratories. The MICyy of 0.12 mcg/mL for
ceftaroline was 8-fold lower than ceftriaxone, and lower than the other comparators tested except for
levofloxacin (MICq < 0.03 mcg/mL) and possibly the macrolides (erythromycin < 0.25 mcg/mL; azithromycin
< 0.5 meg/mL; clarithromycin < 0.25 mcg/mL), and trimethoprim/sulfamethoxazole (< 0.5 mcg/mL).
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Table 15 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Moraxella catarrhalis

101 iselates (US)"
| Agens MIC, yg/mL 5 5
Range MIC:, MICy,
Ceftaroline = 0.008-0.3 0.0 0.12 KA
Ampicillin “05-=4 1 =4 KA
Amo'clay =0.06-035 0.12 023 100
Cefmizxone =0.008-2 0.25 1 100
Cefurminns 1 2 1Dy
Erythromycin =025 <025 100
Azithromycin ] =05 100
Clanthronycin =025 <025 100
Clindamycin 2 =2 0.0
Levoflowacm =0.03 < 0.03 100
SXT <03 =035 ]
Tizecycline =0.12 0.25 WA

2 ioclndes iselates fom prior to 2007

B % snscepible according ro CLSTM435-A (2008) or Tygacil Product Inser (2003)

Abbreviations: MIC,, = minimum izhibitory concenmation required to mhibit the growth of 302 of arganisms;
MIC = mimipmm inkibiery conceniration ragquired o infibit the zrowith of 90% of orzanisms; MA = not
applicable (breakpoints not dafined), Amon'clav = amosicillin/'clamlanace;

SXT = mimethoprim/ sulfamethonazols; U5 = United States,

Sovoce: Srady PA0-M-033, 2008

Table 16 shows the activity of ceftaroline against Neisseria meningitides. In studies involving 510 isolates, the
highest MIC observed was 1 mcg/mL including those isolates resistance to penicillin (B-lactamase positive and
-negative), tetracycline, and ciprofloxacin.

Table 16 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Neisseria spp.

Ceftaraline
|Prehagen / Phemonpe N Range MIC, ug'mL Methed Reference
0% ey
Brot Smdy
A o . . . . - . . FO03-MI-001,
Vefsseria meningirndis | =0016-<0016( <0016 | <0018 | nucrodihntion (o0 o
. 2004; Sader et al,
{CLST) M5
(Nefsseria gonorrofisens
Al 403 0.002-1 0.125 0.235
Wild type 255 0.004-035 006 0.25
T-E.PEIM-F. - A - 4z o e FiTrios Smdy
{chramosamal) 3 0.06-1 015 . -‘“cf-c i‘g-r‘]““ DUDD3-BA038,
TET-E. (plasnrid) ] 0.008 - 0.25 0.06 025 ; 2008
T-F. (chromosomal) 14 0.002 - 05 025 0.5
PEN-F. (chromosomal) 21 0008 - 0.5 025 0.25
Penicillinase producing 11 0.008 - 0.125 0.125 0.125
Broi
Nefsseria meningitdis 20 | =0008-<0008 | <0008 | =0008 | microdilution
{CLST)
(Neisseria gonorrhosne
All 107 0.004-1 025 0.5
Penicillin-susceptible g 0.004 - 0.06 0.015 NA pmﬁ'{?{ .
Penicillin-intermediate 61 0.008 - 1 0.5 05 - Pl
— - - Agar dilarion 2009
Benici|lim-resistant 38 0.03-1 0.5 1 (CLST)
Ciprofloxacin-susceptble | 24 0004 -1 .08 [
Crproflomacin- - o 0s o
intrmediate i 006-1 0.5 0.5
Crproflomacin-resistant 43 0.008-1 025 03

Abbreviattons: CLSI = Clinical and Laberatory Standards Instinute: TET-E- teiracyclive resistant; PEN-R: penicillm
resistant; MIC - minimwm mhibitery concentration; NA: not applicable (for MIC,,, fewer than 5 isolates; for
MIC . fewer than LI isolates)

Source: Stady POSIE-M-001 (Pam [, 2004; Snudy POO3-M-034, 2008: Smdy PL03-M-053, 2009
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Table 17 shows the activity of ceftaroline and comparator agents against Neisseria meningitidis and M.
gonorrhoeae; the in vitro activities of ceftaroline and comparator agents were from study P903-M-053 (2009).
Ceftaroline demonstrated activity against N. meningitidis, as did all the comparators, Against N. gonorrhoeae,
the MICy of 0.5 mcg/mL for ceftaroline was equal to that of azithromycin and lower than all other comparators
except ceftriaxone (MICyy 0.12 mcg/mL).

Table 17 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents Against Neisseria spp.

Organism & Agent Range | MICy, | MICy, | i &°
Neizseria meninginidiz 20 izolates (U5
Ceftarolme < 0.008 - = 0.003 <0.008 = 0.008 NA
Ceftrizxone =025-=0.13 =035 <0125 NA
Cefepims =012 <0.12 NA
Penicillin = 0.06 50
Liaropensm =012-=012 =012 <012 100
Levofloxacn Z05-<03 <05 =03 A
Netsseria gonorrhoeqs 107 isolates (U3)
(Ceftarolne 0.004 -1 0135 03 WA
Ceftriznone <0.001-0.12 0.015 0.12 100
Penicillin 0015-=4 1 -4 T.
Temwacycline 0.08-=4 1 2 150
Ciprofloxacin <0008 -4 023 -4 41.1
Azithromycin 0.03-2 015 03 NA
Cefuroxmme < 0.008-2 013 1 244
¥z snsceptible according so CLATMI00-518 (2008)

riattons: MIC,, = minimum jzhibitory concentration required to mhibit the growth of 30% of crganizms;
C o = minimm: inbibitory concentration raquired to inldbit the growth of 20% of arzamisms; A = nn
applicable (breakpoints not definad)
Source: Smdy PA03-M-033, 2008

The Applicant also tested ceftaroline against Pasteurella multocida. A total of 73 isolates were tested in two
separate studies (Table 18). MICy, values for ceftaroline ranged from 0.03 to 0.06 mcg/ml.
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Table 18 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline Against
Pasteurella multocida

Parhogen Range MIC, ugml Merhod Reference
s0% | o0%

Pastenrella muliecida 22 isolates™

Ceftarcline = 0.008 - 0.06 = 0.008 0.06

Ceftazidime =1-=1 =1 =1 . Study

Ceftrizxone = 0.015 - 0.06 =0.015 = 0.015 BI‘_‘!: . POO03-M-010,

Panicillin <012-=8 =012 0.5 ml:(?ilé%mn 2006; Ge etal.,

Imipenem 006 -4 025 2 2008

Erythromycin 035-=18 2 4

Levofloxacin =0015-=8 = 0015 0.03

Pasteurella mulracida £1 isolates®

Ceftaroline =0.008-0.12 = 0.008 0.03

Ceftrizxone =025-0.5 =025 =025

Ceftazidime =2-4 =2 =2

Cefepmme =0.12-2 =012 0.5

Cefuroxime =2-=2 =2 =2

Cefazolin 2.2 =2 <3 Brotk Study

EEPRT: —2 2 ”“:E?i’é‘b“"“ P903-M-053, 2009

Piparacillin/tazobactam =E-=8 =8 =8

Ertapenem =006 -=0.08 =0.06 =008

Imipenem =05-1 =035 = 0.5

Levefloxacim =05-=05 =035 = 0.5

Amikacin =416 3 16

Tigecycline =003 -=0.12 008 0.06

a includes isolates from 2004-2006

b mcludes isolates from earlier than 2007 and/or from outside the TS

Abbreviatens: CL3I= Clinical and Laboratory Standards Instinae; MIC = minimum inhibitory concentration.
Source: Smdy POQ03-M-010, 2006; Ge et al, 2008; Smdy PR0O3-M-053, 2009

Table 19 shows the activity of ceftaroline against non-fermenting Gram-negative bacteria such as Pseudomonas
spp, Acinetobacter baumannii, and Stenotrophomonas maltophilia. Generally, all had MICy, values that were
>16mcg/ml.
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Table 19 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Non-Fermenting Gram-negative Bacilli

Cefraroline
Pathogen / phenotpe N Range MIC, ug/mL Methad Reference
0% 0%
deimerobacrer baumanni 20 2.=32 14 =32
. B Study
dlcaligenes spp. 10 16 -=132 =32 =32 Broth N
icrodilut PO903-M-001,
Pseudomonas aerugingsa 20 4-=32 16 =32 ml“};;'t_:‘;‘_m— 2004: Sader et al
LA ~ ) P
. ¢ i
Srwmn'aﬁawrmnm 10 37 .- 132 17 32 2003
malraphilia
demmerobacter baumanni 10 1-32 4 8 Broth Study
- - - microdilution | TAK-59%/000353,
Pseudomonas aerugingsa 58 1-=128 16 128 (CLSI) 2003
deinetobacter baumanni
Ceftazidime-susceptible 5 2-=8 2 NA
Ceftazidime-infermediate 3 8-=8 NA NA
Broth Sendv 1563107
- - L Study 1563-102,
Ceftazidime-resistant 5 =§-=8 =§ MA | micvodilution 2004
3 (CL3I) -
Pseudomonas aeruginosa
Ceftazidime-susceptible & 05-=8 =8 NA
Ceftazidime-rasistant & =8-=8 =8 NA
Broth Study
detmetobacter baumannii 10 1-3 2 3 microdilution | POS03-M-002,
(CLSI) 2003
demetobacter banmanni 3 3-128 NA NA Study
. PO903-M-004,
Agzar dilution
. _ (CLSD 011, 2006;
demetobacter spp. 7 2-128 4 NA e Mushtaq =t al,
2007
Cefrareline
Parhogen / phenonpe N Range MIC, ug/mL Method Reference
J0%s D0%s
ldeinerobacter banmannii 26 2-=32 3z = 32
Psewdamonas aeruginosa i | Poo 05311;{013:
Ceftazidime-susceptible B0 2-=32 16 (CLSI) 2006
Ceftazidime-resistant 15 = 32
Burkholderia cepacia 28 32
Picudomonas asruginosa
Al 25 0.5 -=32 16 Har
- ; Broth Pcsosﬁnlkci} 012
DR 10 4 -=32 16 microdilution | o =
— (CLSD) 2006; Brown and
PEP-HJOFJ'!DH(!! JMuorescens’ P 0.75 - 37 1 16 4 Treczewski, 2009
lpaerida
Sreno{rap.?aomanﬂs 3T 012 -=37 — 32 .37
mralrophilic
[4cinetobacter spp.
Al 52 =003 -=16 4 Study
= = _ Broth P0903-M-010,
VIR 16 8-=186 = 16 microdilution = N )
Py 2006; Ge et al,
Inmipenem-susceptibla 47 =0.03 - =16 4 R 2008
Imipenem-resistamnt 5 =16 -= 16 3z
Broth Study
Pseudemenas aeriginesa 305 1-=16 18 = 16 microdilution FO903-M-035,
(CLSI) 2009
Pseudomenas aeriginesa .
Study
Ceftazidime-susceptible 184 0.125-64 2 16 Agar dilution | P203-M.052
Caftazidima-NS & 64 - = 64 = 64 ND (B3aC) Amz_n,lgxcige:th
Pseudomonas fTucrescens 2 1-2 D ND -
4 cimerobacrer bawmanni 101 2-=16 =16 = 16 Broth Study
N _ R microdilution PS03-M-053,
Pseudomonas aeruginesa 101 4-=16 =16 =16 (CLST) 2000
[dcinerobacrer bawnanni 25 1-=64 2 3 _
Pseudomenas aeriginesa 5 4 - =64 18 = 64 min?;cic-’_';:.-ia: PQO?E;?}E::'?_
S'rpnoﬂ'p?apﬂrorms 25 1-—64 - 54 64 (CLSI) 20038
mralrophilic
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Ceftaroline
Pathogen / plenotype N Range MIC, pg/mL Meihod Reference
30% 0%
Pseudomonas asruginesa
Wild type 3 §-32 16 NA
AmpC or OMP alteration 5 16-=128 128 NA Broth Study
Class B B-lactamase 5 |=128-=128| =128 | WA |mucrodilution| P303-M-084,
. " (CLSD) 2009
Acinetobacter bauwmannii
wild type 5 2-4 4 NA
QXA B-lactamase 10 128-=128 | =128 | =128
Acinetobacter baumannii 10 1-=64 =64 = 64 Broth Study
K - mucrodilution | PRO3-M-085,
Psendomenas aeruginesa 10 §-=64 =64 =64 (CLST) 009

Abbreviations: AmpC = AmpC f-lactamase; B3AC = Brt:zh Sociery for Aptimicrobial Chemotherapy;
Cefrazidime-W5 = ceftazidime-nonsusceprble; CLSI = Clinical and Laboratory Standards Instinue;
MIC = minimum inbibitory concenmation; MDR = muln-drug resistawr OMP = outer membrane protein;
OXA = oxacillm; WA = not applicable (for MIC s, fewer than 5 1solates; for MICs, fewer than 10 1zolates);
195 = not susceptible

Ceftaroline demonstrated no activity against Mycoplasma pneumoniae, and Chlamydiophila pneumoniae (MIC
values were >64 mcg/mL) (Table 20). Ceftaroline has in vitro activity against the extracellular form of
Legionella pneumophilia (MIC90 0.25 mcg/mL; 10 isolates) as measured by an agar dilution method; however,
ceftaroline fails to demonstrate activity against intracellular L. pneumophilia, which supports the idea that
ceftaroline, like other cephalosporins, fails to accumulate to significant levels intracellularly in mammalian
cells. Levofloxacin served as a positive control for these studies, and it exhibited activity against all three of
these respiratory pathogens (levofloxacin MIC ranges: M. pneumoniae 0.25-1 mcg/mL; C. pneumoniae 0.25 -
0.5 mcg/mL; extracellular L. pneumophila 0.008-0.015 mcg/mL). Against intracellular L. pneumophila,
levofloxacin was also active, although the MICoo increased 30-fold to 0.5 mcg/mL (Study P903-M-061, 2009).

Table 20 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Atypical Respiratory Pathogens

Cefrarsline
Pathogen N Range MIC, png/mL Method Reference
50% 0%
Broth dilution
Mycoplarma prewmoniae 10 64 = 64 64 = 64 with phenol red
color change
(in vitre)
Inclusion
formation in .
Chlamydophilia pneumoniae 5 =64-=64| =64 NA Mel G.j-.' eell pga?.if[l?um:
culture
2009
menolayers
] . - 1 ae Agar dilution
Legionella pneumophila 10 0.015-1 0.12 025 G vitro)
Cell killing in
Legionella pneumophila 10 =32-=32| =32 =32 Hap-2 call
meonalayers

Abbraviations: 2 = number of isolates; MA = not applicable (for MIC,, fewer than 3 isolates; for MIC,,, fewer than
10 isolates)
Source: Smdy PR0Z-M-061, 2009

Ceftaroline was also tested for its activity against Gram-positive anaerobes such as Clostridium spp., (Table 21).
Overall, MICy, values were < 2 mcg/mL for all non C. difficile isolates. However, for C. difficile, the ceftaroline
MICygs are typically in the range of 4-8 mcg/mL.
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Table 21 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Gram-positive Anaerobes

Cefraraline
Pathogen N Range MIC, ugimL Method Reference
Ji%s 90%
Closmridium spp. 25 =0.016-8 012 2 Broth Study
Propionibacterium spp. and microd:lution PUNZ LIl
Pspfmgpmm: F;PP N 15 | 003-012 | 006 | 012 LSy | 2004 553?' etal,
Cefraroline
Parhogen N Range MIC, pgimL Merhad Reference
0% 0%
Farvimonas micra 22 0.015-0.5 008 0.25
Finegoldia magna 19 0.03-1 0235 0.5
Peproniphilus asaccharolvrica 21 = 0.008-0.25 005 025
ldnmerococcns femradins 20 = 0.008-2 0.032 0.125
Feptostreprococcus anagrobins 23 0.125-8 as 4
Oither Gram-positive coocd spp. 22 = 0.008-8 0.06 1
Closrridium
Closmridium perfringens 20 = 0.008-0.5 0.125 0.25
Closiridium ramosum 21 1-2 1 1 o
Clostridiim imocunm 21 054 1 2 AEELE dLJé.llll-;:Gu ?905_33;:[&‘:;';_ 3009
ffz;;:’:?;:}zfrme Eroup 20 0.23-2 ! .
other Closfridiom. spp. 24 0.015-16 s 16
Ldctinonpces spp. 13 = 0L003-0.25 0015 025
Egeerthalla lenta 17 2.16 8 3
“Eubacteritmm ” group 25 0.015-025 0.125 0.25
;f;i;&:rn'n'u_ caei-rhamosns 10 0.95-8 as 1
Propicnibacrerium acnes 20 = 0.008-0.125 | =0.008 0.06
Propicnibacrerium avidum 11 0.015-025 0.2s 0.25
Cleseriduem difficile
Al 26 =0.015-8 2 3
Crumolone-susceptible 13 0.015-8 2 3
Chumolone-resistant 13 0.5-3 2 4
Closmridium peyfringens T =0.015-0.12 005 WA Agar dilution Study
Clasmridium spp. 16 Q0664 1 4 (CLET POQ3-MI-060, 2009
Paprostreplococcus spp. 39 = 0.015-8 .03 0.5
Fropionibacrerium acnes 15 = 0L015-0.06 0.03 .06
Prapicnibacrerium spp. 13 = 0.015-0.06 003 0.03
:E}?;EE’;’D‘;}E].“W 11 =0.015-1 012 0.5
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Ceftaroline
Pathogen N Range MIC, ug/mL Method Reference
3% | 90%
Clostridium butyricum 1 =0.06 NA WA
Closrridium eadeveris 1 023 NA NA
Clostridium clostridigiorme 3 0.12-025 0.25 NA
Clostridium difficile 1 012 NA NA
Clostridium kistolyticum 1 1 NA WA
Closridium perfringens [ 006-=006| =006 | NA
Clostridium septicum 2 1-16 NA NA
Clostridium species 4 | =006-005 | NA WA Broth Study
dctinomyees odontolyticus 1 012 NA NA mc;gd]ﬁgim Fﬂgﬂi‘d%é-tli
Actinamyces nuricensiz 1 =0.06 NA HA
Eubacterium lentum 1 |=006-<006) NA NA
Peprostreptococcus anasrabius 1 = (.06 NA NA
P 3| o | w |
Peptostreptocaccus micros 2 |=006-=006) NA NA
Peptostreptococcus prevofii 1 =0.06 NA NA
Propicnibactsrium acres 4 |=006-=006) NA WA
Ceftaraline
Parhogen N Range MIC, ng/ml Method Reference
S0% | G0%
Clostridim difficile
All a0 012518 4 4
E:sz;n_;:c:ll}' distmet 30 116 s 2 o
mostcommonrbotypes | 30 | 0254 | 4 | & | AErdluion logns v psp 2009
Fabotype 001 10 0254 2 4
Bibatype 027 10 0254 4 4
Fibatype 106 10 0254 4 4

Abbreviations: CL3I = Clinical and Laboratory Stavdards Instinare; MIC = minimum inhibizory concentration;
M= mumber of isolates; 1A = not applicable (for MICs, fewer than 5 jselates; for MICs, fewer than
10 tsolates).

Against Peptostreptococcus spp. and other Gram-negative anaerobes, ceftaroline demonstrated MICy of 4
mcg/mL (Table 22). Against Propionibacterium acnes the MICy, for ceftaroline (0.06 mcg/mL) was equal to
that for ceftriaxone and lower than clindamycin and metronidazole. The same pattern held for Peptoniphilus
asaccharolytica (ceftaroline and ceftriaxone MICggs of 0.25 mcg/mL). Ceftaroline MICy of 0.5 mcg/mL
against Finegoldia magna was lower than those of ceftriaxone, clindamycin and metronidazole. Ceftaroline had
in vitro activity against Clostridium perfringens, with an MICy of 0.25 mcg/mL; a value that was lower than
ceftriaxone, clindamycin and metronidazole. Against other Clostridium spp., except C. difficile, the MICqs for
ceftaroline ranged from 1-2 mcg/mL, lower than for ceftriaxone, clindamycin and metronidazole (Study P903-
M-058, 2009).
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Table 22 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Gram-positive Anaerobes

Date Review Completed: 09/27/2010

Sendy PO93-M-058, 2009 Sewdy POOI-M-060, 2009

Organtsm Group & dgemns MTC, pgrmL MIC, pgiml

Range [ Mic., | aac,, Range | MIC;, | MIC;,
Peprostrepiecoccius spp. 23 izolates 39 jzolates
(Ceftarcline 0.125 -8 0.3 4 =0.015-8 0.03 0.3
(Ceftriaxone 05-16 2 B =0.015 - 64 0.5 4
(Clindamyein =003 -32 =0.03 0.25 =0.06 - 16 0.06
MMetromidazole 0.125-1 0.3 1 =0.12-=32 1 32
Propriontbacterinm acnes I0 izolates 1£ izolates
(Ceftarcline =0.008 -0.125 | =0.008 0.06 =0.015 - 0.08 0.03 0.06
(Ceftriaxone = 0.008 -0.125 0.01% 0.06 0.03 -035 0.03 0.06
(Clindamyein 0.125-=128 0125 0.235 =0.06-0.12 = 0.06 0.125
MMetronidazole =32 -=32 - 52 32 32-=32 32 32
Finegeldia magna 19 izolates
(Ceftarcline 003-1 025 0.5
(Ceftrizons 2-8 4 B
(Clindamycin 006 - =128 2 128
MMetromidazole 0.06-1 0.5 1
Peprorrr})f.lfhr_i 21 izolates
asaccharelyvica
(Ceftaroline =0.008 -025 .06 025
i eftrizxone 0032-1 0125 0.25
Clindamyein = 0.03 -= 128 0125 12
Mdatromidazals 0.125-2 1 1
Closrridium difficile 4 izolates 26 izolates
(Ceftaroline 3-1s8 A A = 0.015-8 2 8
(Cefiriaxone 12 - =64 HNA HNA =0.015-= 84 32 &4
(Clindamyein 4->= 128 WA NA =0.06 - 16 2 16
MMetromidazole 0.25-2 nNA NA =0.12-= 32 16 32
Closrridium perfringens 20 izolates 7 izolates
(Ceftarcline = 0.008-0.5 0125 0.25 =0.015-0.12 0.06 NA
(Ceftriaxone =0.008 -4 0.3 2 =0.015-0.12 0.06 NA
(Clindamyecin =003 -2 0,25 1 0.5-16 0.5 NA
Matronidazole 0.5-4 2 4 =05-8 1 NA

Abbreviatiens: MIC,, = minimum inhibirory concentrarion required to inhibit the growth of 50%4 of organisms;
MIC,, = minimmm nhibitory conceniration required to inhibit the growth of 0% of crzanisms; A = not
applicable (for WMIC s, fewer tha solates; for MICs, fewer than 10 isolstes).

Source: Smdy PRO3-R-058, 2009; B 2009

The activity of ceftaroline against gram-negative anaerobes varies according to species. Against anaerobic
species where B-lactamases are common its activity is limited. Against Bacteroides fragilis and other
Bacteroides spp. the MIC90s for ceftaroline were > 32 mcg/mL (with the exception of B. uniformis, which was
16 mcg/mL) (Table 22). Ceftaroline also had no relevant activity against most isolates of Prevotella spp.
(MICyps 32 - 64 mcg/mL). Activity was observed against Fusobacterium spp. (MICqgs < 0.5 mcg/mL), except
for F. mortiferum (MICyy 32 mcg/mL). It is active against most isolates of Veillonella spp. (MICyy 0.5 mcg/mL)
and Porphyromonas asaccharolytica (MICyy 0.03 mcg/mL), but not B-lactamase-producing P. somerae (MIC90
16 mcg/mL) Table 23.
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Table 23 Summary of In Vitro Studies to Evaluate the Activity of Ceftaroline against Gram-Negative Anaerobes

Cefrarcline
Pathogen N Range MIC, ug/ml Method Reference
50%a 0%
Bacteroides fragilis 20 4.-.=32 32 - 32 3 Study
— , e
FPrevotella spp. 16 0.03-=16 8 - 32 (CLET 2005
Bacteroides fragilis 14 §-=% -8 Agar dilution | Study 1563-102,
Prevatella =pp. 11 | =006-=3 2 (CLsh 2004
Eubacterium limosum 1 0.03 WA
Bacteroides fi 8 2 23 4
EBacreveider vulgams 3 NA
Bactercides lnpermegas 1 1 NA NA Agar dilution Study
Tizsierella pracacuta 1 0.03 NA NA (Japanese | TAKS99/00013,
Fusobacterium nuclearum 2 0.016-008 NA NA method) 1002
Fusobacterium ruzsii 1 0.018 NA HA
Fusobacterium varium 2 025-035 WA NA
Fusobacterium mortjferum 1 2 NA NA
Ceftarchine
Pachogen N Range MIC, jgiml Merhod Reference
J0% 20%
Baciercidss caccas 9 025-16 2 NA
Bacteroides capillosus 1 0.25 A NA
[Bacteroides distanosis 8 0.12-=32 16 NA
Bacteroides egerthii 2 =0.06-=32 NA Na
Bacieroidss | 47 0.25-=132 2 32
Bactersidses fragiliz group 14 0.12-=32 16 - 32
Bacteroides ovarus 3 1-4 2 MNA
Bactercides spl i 1 0.12 A
Bacrercides srercoris 1 3 A
Bacrercides themaioramicron 27 4-=32 18 - 32
Bacteroides uniformis 11 32 i 32
Bactercides vulgams 4 32-=32 - 32 NA
Bactercides specias 1 g A NA Broth Study
Fusobacterium nucleanim 2 |=006-=008 =008 NA }‘IREE’E;.I‘.‘:IUOH PZ]QC;{-:}D\IS-OI_\_
Fusobacterium varium 1 0.25 ™A NA
: Jcoos-=oad zoos | wa
Porplyromonas gingivaliz 2 =006 - =008 =006 NA
Prevorella bivia 2 8-=32 A NA
Prevorella buccas 3 0.12-16 023 A
Frevorella corperis 1 1 NA NA
Prevotella denticola 3 =008 -18 4 NA
2 =006 -8 A NA
3 1=32 - 32
3 =006-1 | <006
2 05-2 0.5
[Prevatella ovaliz 3 - 32 - 32

In Study P903-M-058, 2009 and Study P903-M-060, 2009, ceftaroline demonstrated little to no activity against
Bacteroides fragilis and other members of the Bacteriodes group, with MICoos that are typically > 64 mcg/mL
and are similar to those of ceftriaxone and clindamycin, but much higher than metronidazole (MICoos < 2
mcg/mL). Ceftaroline also has low activity against most isolates of Prevotella spp., similar to ceftriaxone and
clindamycin but unlike metronidazole. Ceftaroline demonstrated activity against Porphyromonas
asaccharolytica (MIC9 0.03 mcg/mL), Fusobacterium nucleatum (MIC90 0.125 mcg/mL) and most other
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Fusobacterium spp., and Veillonella spp. (Study P903-M-058, 2009), the MICs for which are generally equal to
or lower than those for ceftriaxone, clindamycin, and metronidazole (Table 24).

Table 24 In Vitro Activity of Ceftaroline and Selected Antimicrobial Agents against Gram-negative Anaerobes

Abbreviatdons: CL3I = Clinical and Laboratory Standards Instine; MIC = minimum inhibitory concentration MA = not

applicable (for MICs,, fewer than § isolates; for MICyq, fewer thax 10 iselates).

Activity against Select Bio-Threat Bacteria

Organism Group & Study P903-M 058, 2009 Study P03-M-060, 2009 _ _ Study P903-M-058, 2009 Study PI03-M-060, 2009
dgent MIC, pg/mL MIC, pgimL Organism Group & MIC, pgml MIC, gL
Range [ MiIc,, | MIc, Range [ MIC., | MIC,, |(igent - -
Bactersides fragilis 30 iselates 205 isolates Range | MICs: | MICyo Range | MIC MICs
Ceftarcline 464 16 63 05--64 8 62 | (Porphyromenas 21 isolates 0 isolates
Ceftriaxone 4-= 64 32 54 012--64 12 gy | [accharolyrica
Clindamycin 0.06-- 128 1 128 05--64 | =03 64 | |Ceftaroline =0008-05 | 0015 | o3
Metronidazole 025-2 1 2 1.8 1 4 Ceftriaxone =0.008-0.1 0.08 0.06
o1 (Clindamyecin -0.03-=128 =0.03 128
i‘:‘::;&r‘;ii;irran 20 izolates 69 fnalates Metromidazols —o003. 03 | 008 | 0135
Ceftarcline 3= 64 61 64 2. 64 R 64 -
Ceftriaxone 61 64 64 [ 012-=64 [ 64 ﬁ;;ﬁﬁ:ﬂ o Ilisolates Oisolates
Clindsmiyein 0.06- - 128 4 128 =05-64 2 4 ||Cefiaroline =0008-0.125 | <0008 | 0125
Metronidazole 03-2 ! ! a 2 2 ||cefriaxone 0.015-1 0.125 | 03
e e 18 izolates O izolates Clindamycin ~003-05 005 | 006
Ceftzroline =0.008 - 32 2 ER) Matromidazole =0.03-025 = 0.03 0.25
Ceftrizxons 0.03-32 2 32 Veullonella spp. 19 izolates 0 isolates
Clindamyein =003-=128 =003 128 Ceftaroline 0.015-1 0.125 0.5
: 05-2 03 ! Cefirizrone 0.03-8 4
Prevotella intermedia 10 isolates 0 isolates (Clindanrvein ~0.03-128 0.125 28
Ceftarcline =0.008 - 64 1 16 Mot e 1z B g
Ceftriaxone 003 - 54 1 16
Clindamycin =003-=128 | =003 16
MMeatronidazeole 0.125-2 0.25 1
Ceftaroline
Pathogen N Range MIC, jugiml Method Referemce
50% | 0%
Bacieroides
30 4= 64 16 . 64
20 32-- 64 64 61
zroup (others) 26 2= 64 64 - 64
Prevarelta
P melaninogenica 18 | =0008-32 2 32
P inrermedia 20 | =0008-64 1 16
P buccae 20 | 012564 | 05 54 ) Study
Porphyromonas ’\E‘Eéi'é'l';:“ P9[:_i1-1‘,[::]53.
P. nzaccharolytica | 21 | = 0.008-0.5 | 0.015 | 0.03 2009
P_someras [ 10 ] zo00s1s | 0ois 16
Fusobacrerium
F. nucloanm 22 [=o00080125|=0008| 0125
F. necrophorum 22 | co15-006 | 003 | oo0s
F 10 164 3 12
F_varium 10 0.015-05 0.25 0.5
Veillonella spp. 19 00151 0135 | 053
Bacieroides
B 20 0.5-- 64 3 64
B 22 1= 64 16 54
E 36 5-64 16 54
5. o 59 264 22 | acas dilution Study
B 11 0.03-64 16 TicLsD Pgoi:‘é;‘“-
B 20 164 &4 54
ather Bacternides spp 7 464 16 NA
Prevarella spp. 14 001532 1 8
Fusobacterizm spp. 3 '_—;03'%11';' NA NA

Ceftaroline was tested subset of bio-diverse set of isolates including Yesinia pestis, Burkholderia mallei,
Burkholderia pseudomallei, and Francisella tularensis were tested according to CLSI guidelines (M7-A7,
2006) using broth microdilution (Table 25). The results in Table 24 indicate that ceftaroline has activity against
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Y. pestis (highest MIC 0.06 mcg/mL) that was nearly equivalent to that of the comparator ciprofloxacin.
Ceftaroline had good activity against most isolates of F. tularensis (MICyy 1 mcg/mL), although its activity was
less than that of ciprofloxacin (MICyy 0.6 mcg/mL). It has moderate activity against both B. mallel and B.
pseudomallei (MICqp 4 mcg/mL), which was two-fold lower than the comparator azithromycin for B. mallei but
was equal to that for ceftazidime against B. pseudomallei. Ceftaroline had little if any activity against B.
anthracis (all isolates with MICs > 8 mcg/mL).

Table 25 Activity of Ceftaroline and Antimicrobial Agents Against some bio-threat agents

Organism & Agent MIC, g/l

Range | MIC, | MICy,
Bacillus anthracis 30 izclatez
Ceftarolne -§-=8 - 8 - 8
Ciprofloxacin 0.06-025 0.06 0.12
Burkholderia malle: 20 isolates
Ceftaroline 0.25-8 2 4
Azithromycin 012-2 0.5 1
Burkholderia pseudomaller 30 isolates
Ceftaroline 05-4 4 4
Ceftazidime 0.25-32 2 4
Francizella mlarensis 17 izolates
Ceftaroline 006-=8 0.25 1
Ciprofloxacin 0.008-035 0.015 0.06
Yersinia pesns 30 iselates
Ceftaroline 0.008 - 0.08 0.015 0.03
Ciprofloxacin 0.005-0.03 0.015 0.03

Abbreviations: MIC;, = minimum inhibitory concentration required to inhibit the growth of 50% of organisms;
MIC,, = minimum mwhibitory concentration requirad to inhibir the growsh of 90% of orzanisms
Source: Smdy PRO3-M-070, 2009

The Applicant has provided data from a surveillance study for ceftaroline that was carried out by JMI
Laboratories in 2008. All studies were conducted in accordance to the CLSI M23 document®. The study
involved the collection and testing of 17,326 organisms. A total of 10,496 clinical isolates were collected from
27 medical centers in 19 states across the US. An additional 6,830 isolates were collected from 28 medical
centers in 12 countries in Europe (and Israel) (Study P0903-M-035, 2009). Organisms (one per subject) were
from bloodstream infections, community-acquired respiratory tract infections, pneumonia in hospitalized
subjects, skin and skin structure infections, and gram-positive infections of any site. All isolates underwent
identification and susceptibility testing (using lyophilized microdilution panels) at the same central laboratory.
The QC results for the MIC testing of the surveillance isolates are summarized in Table 26. Of 370 MIC tests
for QC organisms for which ranges have been established (does not include E. faecalis ATCC 29212 and P.
aeruginosa ATCC 27853), 368 (99.5%) were within the CLSI ranges.
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Table 26 Ceftaroline MIC Values for Quality Control Strains Tested in the 2008 Ceftaroline Surveillance Study

QC Organism

Number of Occurrences (% of Toal) at MIC, pg/nL*

(% tests)

0.015

0.03

0.06

012 | 0.5

03

4|4

5. aurans ATCC

20213 (142)

142
(100)

E. frecalis ATCC

20212 (143)

1
0.0

@ | @23

5. preumoniae

ATCC 29619 (88) | (83

(147

P geruginesa
ATCC 27853 (11)

@1y (727

(18.2)

62
47.3)

68

(51.9)

(6.9)

(93.1)

Boxed areas indicate acceptable ranges for quality control strains according to CL3I M100-518, 2008
Abbraviations: ATTC = American Type Culnws Cellection; MIC = minimnm inhibitory concentration; QC = Cualiy
Contral.
Source: Smdy POA03-M-035, 2008

Conclusions: Antimicrobial Spectrum of Activity:

The information submitted my the Applicant from the large prospective surveillance studies and other
investigations of the in vitro activity of ceftaroline supports the Applicant’s claim of activity against some of the
pathogens shown to be associated with complicated skin and skin structure infections, and community acquired
pneumoniae. Ceftaroline had low activity against vancomycin-susceptible and vancomycin resistant E. faecalis
and generally inactive against all E. faeciumisolates tested. MIC values for all tested isolates of S. aureus
(including strains resistant to other classes of antimicrobials, and stains with specific virulence profiles), S
pyogenes, Data comparing the US and European studies yielded similar results in some cases there was a
tendency towards 1-dilution higher MICs from the European countries. Among the S aureusisolates tested.
Serotyping was performed on the S. pneumoniae isolates from the 2008 US surveillance study and the
predominant serotype was 19A. Serotype 19A isolates are often resistant to antibiotics and of the MDR S
pneumoniae isolates from the ceftaroline US surveillance study, 80.8% were serotype 19A and 15% were
serotype 19F, and the ceftaroline MICy, for both 19A and 19F was 0.25 mcg/mL (maximum ceftaroline MIC
was 0.5 mcg/mL).

MECHANISM OF ACTION:

Cephalosporins, like other B-lactam antibiotic, inhibit bacterial cell growth by binding to the active site of
bacterial transpeptidase enzyme. The Applicant conducted a number of studies to characterize the mechanism of
action of ceftaroline. Ceftaroline was investigated for its binding affinities to penicillin binding protein PBP and
compared with other comparator agents. Figure 1 shows the binding to Staphylococcus aureus PBP by
ceftaroline, penicillin, imipenem oxacillin and ceftriaxone. The Applicant report the ICsy values of the agents
tested. The ICs is the concentration of the inhibitor (-lactam) at which 50% inhibition of enzyme activity is
seen. The ICsy values show that ceftaroline demonstrated the lowest inhibitory concentration of 0.16 mcg/mL.
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Figure 1. Ceftaroline Binding to Staphylococcus aureus Penicillin Binding Proteins
Ceftaroling (pg/ml)

Ceftaroline q 0_511 'U|2 _ul-t .GIB .1|s pg/mi 0 050105 1 015 s
PBP1 A PEP2A - emmm—— A
POP2 g,

PEP3 " : - |
Penicillin G (ug/ml)
PEP4 — . 07515 30 60420
) | I | PER2A - | L i |-\..5,:=18|ng|'|1|
Ceftriaxone 0.P4 .uIB .1|6 .3|‘2 rT‘4 pgiml
PBP1 Imipenem (ugiml)
W &
PEP? R o e e 0 75 B0 120 240
pBP3 " PRPIA - | i i i €= 57 paiml
PBP4 —
N oo T Oxacillin (pa/ml)
Oxacllin  0.02 04 .08 .16 .32 ugimi 0 50 100 250 500 750 1000
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PEP2 g g =
PBP3 " o -
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PEP4 - 3 0 50 100 250500 750 1000
SEP2A | ol k- Gel IC,o= 677 pgiml

In another experiment, the affinity of ceftaroline for PBPs in methicillin-sensitive S aureus was determined.
Ceftaroline bound with higher affinity than its comparators (ceftriaxone or oxacillin/cefotaxime) to PBP1-3.
However, oxacillin had a two-fold higher affinity than ceftaroline for PBP1. There were also differences in the
absolute values for the ICsys for PBPs from ATCC 29213 in these two studies, although in each ceftaroline
exhibited potent binding to S aureus PBP1-3 with ICs, values less than 0.5 mcg/mL (Table 26). The affinity of
ceftaroline for PBP4, like that of ceftriaxone or oxacillin/cefotaxime, was low relative to those for PBP1-3.

Table 26 Affinity of Ceftaroline and Comparators for PBPs from Methicillin-susceptible Staphylococcus aureus

Phenonype ’\f.rmiu PBPj'('slg IC;y" or MIC, ug/mnL
Number | or MIC CPT CRO 0xX4 CIX Study
MIC | 0.12-0.25 2 0.12-0.25
PBPI 010 016 0.045
MSSA ‘;‘g‘lg PBP2 0.034 0.065 0.125 Study Pg%g_;-n-oy,
PBP3 0.049 0.71 0.11
PBP4 =1 =1 -1
MIC 0.5 2 2
PBPI 001 249 049
MSSA ‘;‘g‘g PBF2 025 0.64 127 | S Pg%g;.u.om,
PBP3 0.06 0.14 0.74
PBP4 8.89 5.69 10.0

a2 indicated as mean = standard deviation where available

Abbreviations: ATCC = American Type Culmure Collection: CPT = ceftaroline: CRO = ceftriaxene; MIC = minimum
inhibitory concentration; OXA = oxacillin; CTX = cefotaxime; MSS5A = methicillin-susceptible Stapiyviococcus
aurens; PBP = penicillin-binding protein.

Source: Study P0903-M-024, 2008; Study P0203-M-041. 2009

Table 27 shows the affinities of ceftaroline and comparators for PBP2a of methicillin-resistant S aureus along
with the MICs for the corresponding strains. The PBP2a is sometimes referred to as an inducible PBP that have
a week affinity to the penicillins M and other B-lactams. The PBP2a is encoded by a conserved gene which is
part of a conserved region of the S aureus genome (mecA) which is also part of a mobile genetic element called
the Staphylococcal cassette chromosome (SCCmec). PBP2a is not inhibited by -lactams lacking MRSA
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activity, the transpeptidase activity of PBP2a allows growth of MRSA even in the presence of f-lactams that
inhibit PBP1-3.

Table 27 Affinity of Ceftaroline and Comparators for PBP2a from Methicillin-resistant Staphylococcus aureus

Strain PBPIC50 ICs," or MIC, pg/nL

Number erMIC | cpr CRO crx | PENG | IMP Study #
MIC 0.3 128 16 Study

N200P TAK-399/
PBPZa 09 910 270 | gposs. 2003
MIC 0.25.0.5 16 02505 Study

670 P0903-M-024,
PBP2a |0.16=0.04| 677+ 53 18 57 2008

2149 MIC 0.5 64 32 64

(LNZ-R) PBP2a 037 =128 =128 1.63

873 MIC 0.5 =64 =64 8

(hVISA) PBP2a 025 =128 14.1 222

1287 MIC 05 8 4 32 Study

P0903-M-041.

(VISA) PBP2a 0.36 0.88 195 199 2000

25 (VISA. MIC 05 =64 =64 64

DAP-R) PBPZa 0.01 0.24 045 283

510 (VRS2) MIC 1 - 64 — e 2

(VRSA) PBPZa 0.29 0.29 =128 14.2

a  indicated as mean = standard deviation where available

Abbreviations: CPT = ceftaroline; CRO = ceftriaxone; CTX = cefotaxime, DAP-R = daptomycin resistant;
IMP = imipenem: hVISA = hetero-vancemyein infermediate 5. aurens; IC50 = concentration at which 50% of
activity is inhibited; LNZ-R = linezolid resistant; MIC = minimum inhibitory concentration: PBP = penicillin-
binding protein: PEN-G = penicillin G: VISA = vancomycin intermediate 5. qureus. VRSA = vancomycin-
resistant 5. aurens.

Table 28 shows the binding of ceftaroline PBPs of Streptococcus pneumoniae. The highest ceftaroline MICs
against S. pneumoniae studied was 0.25 mcg/mL for penicillin-resistant (PRSP) isolate 24. The MICs for
comparator agents ceftriaxone and cefotaxime were > 1 for all PRSP isolates with the exception of isolate 2527
(penicillin MIC = 2 mcg/mL), for which the MICs were 0.015 and 0.03 mcg/mL for cefotaxime and ceftriaxone,
respectively. S, pneumoniae resistance to B-lactams is usually associated with mutations in PBPs 2X, 2B and/or
1A, and the degree of resistance conferred reflects the constellation of PBP mutations present in these isolates.
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Table 28 Affinity of Ceftaroline and Comparators for PBPs from Streptococcus pneumoniae

Strain |PBPIC30 or/ ICs or MIC, ug/mL Phenonpe | Strain |[PBPICSO or IC:s” or MIC, ngimL
\Phenotype Numb MiC - T [Mumber|  MIC CPT CRO CTX PEN-G Srucly #
(Vmoer) CPT CRO CTY PEN-G Study # e 03 3 - m
MIC 0.008 0.03-0.06 0.06-0.12 PEF 1A 0.10 038 0.08
PBPIA | 0.019£001 [0.01720008 0.019:+0.008 . FOFID o R
PEN-R 24 PBE2A 0.23 0.74 0.34
bENS " PBPIB | 0.039=0028 [0.017=0013 0.027+0.001 PBF 1B 039 109 0.61
PBP2A/B | 0.053£0.018 |0.044£0.016 0.053£0.013 FEF 2X 0.30 0.09 0.7
. e . N Studv PBP3 010 0.15 0.03
PBP2X | 0.0250.015 |0.034=0.00 0.028+0.008 PO903-MJ-014, MIC 012 3 2 1
PBP3 0.009£0.007 |0.016 = 0.006 0.003+0.002 2008 FBP 14 0.29 016 0.13
MIC 0 12 2 PEP 1B 035 2.08 164 Study
PEN-F. 3413 PBP 2A 016 0.40 030 POS03-M-041,
— 0% PBPIA | 0.019=0.002 [0.045£0.009 00250013 FEF 1B 148 134 6.68 2009
PBPIX | 0172006 | 0.642007 079£022 PEP I 018 506 285
PBP3  [0.001£0.0001(0.011=0.007 0.001 +0.0006 Rl 018 o o
: - : i MIC 0.015 0.03 0.015 ]
MIC 0.015 0.03 0.03 0.03 FBP 1A 0.16 011 0.17
PRP 1A 01 003 0l PEP 1B 0.16 0.10 0.66
. — - PEN-R 2527 PBP 2A 012 0.18 014
PBP 1B 0.2 006 | 020 Study PEP 1B 300 350 310
PEN-$ 1076 | PBP2A 012 015 024 P0903-M-041, FBP 2X 0.05 004 0.02
2009 PBP3 036 043 0.06
PBP 2B 235 60.24 9.61 - - -
a indicared as mean + standard deviation where available
PBP 2X 0.04 0.04 0.03 Abbravistions: CPT = ceftaroline; CRO = cefiriaxons; CTX = ceforaxime, IC50 = ; MIC = minimum inhibirory
. . . :aL:en(Fadl?u;; PEP =.per_i,:i'.11; binding protein; PEMN-G = penicillin G; Pen-F. = penicillin resistant; Pen
PBP3 04 011 0.08 5= ?Em::lhn s-;ucepume. . )
Source: Smdy POSO3-M-024, 2008; POOG3-M-041, 2008

Figure 2 shows the binding assessment of ceftaroline and its comparators (ceftriaxone and penicillin) for PBPs
from the penicillin resistant S. pneumoniae strain 2039. The Applicant submitted data showing the binding
affinity to S pneumoniae PBPs. PBP 1A, 2A and 2X and 2B are transpeptidase that allows for the formation of
the peptide bridges and are similar in molecular weights. PBPs 1A, 2B and 2X are considered the primary
targets of B-lactams and once the B-lactam binds to the PBP, peptidoglycan synthesis seizes, leading to cell lysis
and death. The data suggest that ceftaroline binds to PBPs 3, 1A, 2X, 1B and 2A/B.

Figure 2. Binding of Ceftaroline, Ceftriaxone, and Penicillin to PBPs from the Penicillin-resistant Streptococcus pneumoniae

Strain 2039
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MECANISMS OF RESISTANCE:

Resistance to cephalosporins can be mediated through a variety of mechanisms including the alterations of
PBPs, formation of cephalosporinases that inactivate the drug, a decrease in the ability of the drug to penetrate
the cell wall and reach the drug target, or efflux of the drug thereby preventing the drug from reaching its target.
Streptococci resistance to -lactams is mediated via alterations in the f-lactam-binding site of the PBP1a,
PBP2b and PBP2x. Mutations resulting in changes in the active binding sites correlate with decrease affinity for
B-lactams and increase MIC. In some Gram positive organisms, most notably staphylococci, resistance to
cephalosporins is due to the reduced binding affinity of PBPs and these enzymes are located between the outer
membrane and the inner cell membrane in a location refereed to as the periplasmic space. In Gram negative
organisms, the predominant mode of resistance is the production of B-lactamase hydrolyzing enzyme such as
extended spectrum B-lactamases (ESBLs). At least 400 different types of B-lactamases, originating from clinical
isolates, have been described and a web site has been created to monitor the latest developments among the
newer types of B-lactamases (web site at http://www.lahey.org/studies/webt.htm)**. AmpC B-lactamases have
been frequently identified in Gram-negative organisms and there are of two types plasmid-mediated and
chromosomal or inducible AmpC. Chromosomal AmpC enzymes are seen in organisms such as Citrobacter
freundii, Enterobacter cloacae, Morganella morganii, Hafnia alvei and Serratia marcescens and are typically
inducible by some p-lactam antibiotics™.

ESBLs were first described in 1983, and have the ability to hydrolyse oxyimino-cephalosporins, and
monobactams, but not cephamycins or carbapenems. Although ESBLs have been described in a range of
Enterobacteriaceae and Pseudomonadaceae from different parts of the world, they are most often identified in
Klebsiella pneumoniae and Escherichia coli*®. The majority of ESBLs identified in clinical isolates to date, have
been SHV or TEM types, which have evolved from narrow-spectrum B-lactamases such as TEM-1, -2 and SHV-
1%°. The CTX-M enzymes have originated from Kluyvera spp., and recently gained prominence in
Enterobacteriaceae with reports from Europe, Africa, Asia, South America and North America®’.

The Applicant conducted a series of experiments to detect resistant organisms. Study P0903-M-024, 2008
evaluated the propensity for the development of spontaneous mutations by exposing bacteria to concentrations
of ceftaroline that are higher than the MIC and determining whether any bacteria grew. Large numbers of
bacteria are exposed to high doses of the antibiotic (at 4, 8, and 16 x the MIC); and only very small numbers are
capable of growing in the presence of antibiotic. The spontaneous mutation frequencies for resistance to
ceftaroline versus other antibiotic comparators are given in Table 29. The data show that plating very high
inocula (14 x 10° CFU) of S aureus strains of MSSA, CA-MRSA, MRSA, or VISA on agar plates containing
ceftaroline did not produce a single spontaneous mutant colony on even the 4-fold MIC plates. Low
spontaneous mutation frequency values for ceftaroline on the order of less than 10" to 10" were reported for
the various phenotypes. This was unlike the case for spontaneous rifampin resistance, which was readily
detected at frequencies of 10 to 10°®.
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Table 29 Spontaneous Mutation Frequencies for Ceftaroline and Comparators

. . Tnocnlum Spontaneois '""""”’"’_" I i Spontaneons Muration
[Sarain Drug MIC, pgimL |y pp [Frequency (MIC Muitiple| |Sirain Drug MIC, pg/mL c’gﬁ";}”;, Frequeney (MIC Multiple
: of 4 to 16) ’ of 410 16)
Study FOS03-M-028, 2008 Ceftaroline 012 020 =498 x 10°
Ceftaroline 4 667 <15 W0 H: hilus inf 1224 Levofloxacin |  0.015 0.20 = 4.98 » 107
Sraphyloceccus mreus 2053 Levofloxacm 32 vD MD (Resistant) FRifsmpin 0.25 020 149 995 » 107
[EADRSA Linezolid 4 5.67 SL5 .10 Coftaroline | 025 0.233 143 %107
Rifsmpin 0.008 6.67 12 5= 107 ?[f‘;il”gﬁ_"'\iﬁ;{”‘ﬂ“”:“ Levofloxacin | 0.03 0233 143 % 107
Cafiaroline 1 0.00 A - . . . . =
Rifampin 05 0233 =143-143410
C:p:iilin;.:rﬂ aurgus 2202 Levofloracn 0.25 0.09 Ceftaroline 012 227 <147 % 107
o Linezold : 200 Moraxella catarrializ 0555 Levofloacin | 0.06 227 | 395 10° 147 - 107
Ffawpin 0013 9.09 Fifempin 0.06 227 11-123 =107
Cefaraline LE — Study POS03-M-0041011, 2006
srapiylocoseus muens 0753 MSSA Li‘?ﬂw;;"' o'j‘ e | ssa 5751 Coftaroline | 025 05 ~282+10°
R;':” — — e Cefotaxime 2 05 282 % 107
LupiL e 43 5 . - - 10
: Ceftaroli 1 05 <274 % 10
Cafaroline B 300 Z328. 10" MRS A H044340161 cef chad = 0? 1
-efota L, 5 R
P 2012 VISA Levofloxacin =8 ND (Fesi eiotemime m
Sraphyloceccns aurens 2012 VISA Ceftarcln 1 0s 588 = 10"
Linezolid 2 o VISA Mus0 Cef ome = 5 2 =
] =25 5 N
Rifampin 0,015 9 slotemime .
™ aroli 2 5 5.47 % 10°
Caftaroline 2 4 | |&. cloacas AmpC- inducible 634 c_eﬁ woline - 03 :4, w_,,
B otz 0796 VSE Levoflonacin 1 142 Cefotaxime 1 0.5 747 = 10 _
MIEPOCOCCIS, IGCails U W 5 - Ceftarels 05 05 995 x 10"
Linezolid + 142 E. cloacas AmpC-Cinducible E827 |—— = _
Rifampin 2 142 Cefotaxime 0.3 0.5 289107
3 " Ceftaroli 0.06 05 <291 x 10%
Cafiaroline 2 0.589 E. coli TEM-negative LN01QCO6 Sarone a
e fecalis 0647 VRE Levofloxacin 1 0.589 Cefotaxime 0.06 05
mteracocous faecaliz 0847 VE - -
P i - 5 Ceftarcline 0.25 03
Linezolid 2 0.589 E. coli TEM-positive EO770 : ~
Fifampin 035 0539 Cefotanime 0.06 05
. 5 a7 Ceftaroline 0.125 0.3
Cefaroline 0.015 0.1 E. coli 1411 TEM-positive (pT1) a
Srreptococcus pReumonias Levofloxacn 1 0.127 Cefotaxime 0.06 0.3
[PESS PRSP Linezolid 4 0.147 E. coli 1413 mut§ TEM-positive Ceftaroline 0.08 0.5
Rifampi 0.006 0.147 (TL Cefotaxime 0.06 05
Cafiaroline 0.25 014 5. pneumonisas PEN-E. Ceftarcline 0.12 0.5
Srreptococcs praumenias Levoflexacin 1 0.14 045040101 Cefotaxime 4 05
PEE4 PRSP Linezolid 4 014 5. pneumonieas PEN-S Ceftarcline 0.06 0.5 =108x 10"
Rifampin 0.013 0.14 051360048 Cefotaxime 0.12 0.5 = 1.08 = 10°F
I i Sponcaneons Mutation
Siramn Drug MIC, ug/mL C}?_w:;gg Freguency (MIC Mulnple
' of 4 te 16)
H. infinenzae TEM-positive Ceftaroline 0.03 03 =33x10%
02/A_H/00106 Cefotaxime 5 03 =33% 107
) Ceftaroline .03 03 < 4.0 10°
H. influenzae AmpS 02/4_H/O0128 - 5
Cefotaxime 0.06 0.5 =4.0= 10

Abbreviatons: AmpC = gmpC f-lactamasze; BLIAFR. = B-lactamase-negative ampicillin-resistant;
CA-MFPSA = communiry-scquired MESA; CFU = colony fonning unit; HA-MFE.SA = bospiral-acquired MESA;
MESA = methicillin-resistant 5. qureus; M35A = methicilli bla 5 gurens; WD = not determined;
NT ; = penicillin 5 : T- resistanr; PSSP = penicillin-suscaprible
A on penicillin-resistan: 5. g = vancomycin-intermediate . ourens;
V5E = vancom) nsceptible enteracocci; V. rasistant enterococci.
Source: Smdy POO0O3-W-028, 2008; Smdy POR03

4011, 2006,

For the enterococcal strains tested, the frequency of resistance mutations was 1.7 x 10”. For E. faecalis 0796,
the Applicant stated that colonies were observed on 4 x MIC plates resulting in a mutation frequency value 1.25
x 10”. However, no colonies were observed on the 8 or 16 x MIC plates, resulting in a mutation frequency was
<7.04 x 10™'°. Furthermore, the MIC of these colonies from the 4 x MIC plate was the same as that of the
parental strain (1-2 mcg/mL), suggesting that many of these apparent spontaneous mutants did not maintain
stable resistance to ceftaroline.

There were no spontaneous mutants generated for either the S, pneumoniae PSSP or PRSP isolates tested
against ceftaroline, linezolid, or levofloxacin. H. influenzae 1224 (amoxicillin-susceptible) and the BLNAR
isolate 2797 did produce spontaneous mutants on plates containing either ceftaroline or levofloxacin at 4, 8, or
16x the MIC value. For M. catarrhalis, a single isolate was tested and there were no ceftaroline-resistant
colonies isolated, yielding a spontancous mutation frequency of < 1.47 x 10™'°. In contrast, levofloxacin at 8 x

Page 64 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

MIC vyielded a value of 3.99 x 10™ and rifampin produced an even higher spontaneous mutation frequency of 1
x 107 on plates at 4 to 16 x MIC.

For E. cali, the hypermutator derivative, 1413 pT1 was obtained under selection with ceftaroline but not
cefotaxime. Only the mutants of E. coli 1413 pT1 retained increased MICs on retesting and these increases
affected ceftaroline only. Since MICs of ceftaroline + clavulanate were not raised, the mechanism likely
involved some change to TEM [B-lactamase quantity or specificity. It did not involve selection of a true ESBL,
as the MICs of cefotaxime, ceftriaxone, and ceftazidime were not raised.

Summary and conclusion:

This Reviewer thinks that the spontaneous mutation frequency for ceftaroline was very low for all staphylococci
and streptococci isolates tested; these include isolates for which -lactamase was not the primary mechanism of
resistance. However; E. faecalis resistant colonies were isolated and on further analysis, the MICs from these
colonies were equivalent to the MIC from the initial inocula prior to selective pressure from ceftaroline. This
suggests that within the population of cells tested, there are cells that express resistance to ceftaroline and
resistance occurred at lower concentrations of ceftaroline and showed the typical heterogeneous resistance. The
data show that H. influenzae 1224 (amoxicillin-susceptible) and the BLNAR isolate 2797 did produce
spontaneous mutants on plates containing either ceftaroline or levofloxacin. Beta-lactamase production is the
most common mechanism of resistance in H. influenzae. Published studies have shown that two enzymes TEM-
1 and ROB-1 account for almost all B-lactamase-mediated resistance in H. influenzae. Both are considered to be
class A B-lactamase that confer resistance to ampicillin and are effectively inhibited by clavulanate®™. TEM-1 is
encoded by an identical gene that is encountered in Enterobacteriaceae; however, the levels of B-lactamase
resistance in TEM-1 producing isolate of H. influenzae are lower than what’s observed in the
Enterobacteriaceae. It should be noted that the potential emergence of high level resistance in H. influenzae due
to combination of ESBL production and altered PBP3 is concerning.

EMERGENCE OF RESISTANCE

The emergence of resistance to ceftaroline was examined by serial passage studies using subinhibitory
concentrations of ceftaroline against S. aureus. High-level resistance may require multiple mutations, which
may potentially be revealed by serial-passage studies in which multistep mutations can accumulate during
growth at subinhibitory concentrations of antibiotic. Figure 4 shows the result of the experiment; the MIC of
ceftaroline for Staphylococcus aureus 2053 (MRSA) did not change during 10 serial passages, while the MIC of
rifampin increased after 5 passages. Please note that no changes were observed for the comparator agents tested.
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Figure 4: In Vitro Acquisition of Resistance in Serial Sub-MIC Broth Cultures of Staphylococcus aureus 2053 (MRSA)
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Table 30 summarize changes in MIC after serial passage in the presence of sub-MIC concentrations of
ceftaroline or comparator antibiotics for a subset of the gram-positive isolates tested, while Table 31 lists the
ceftaroline MICs (not comparators) for all isolates tested before and after 10-serial passages.

Table 30 Acquisition of Resistance to Ceftaroline or Comparators in Serial Sub-MIC Broth Cultures

Organism ‘ Antibiotic MIC, ug/mL
Study P0903-M-029. 2008 Passage 1 Passage 10
Ceftaroline 2 2
Rifampin 0.004 64
gaﬁhﬁg&m aureus Levofloxacn B o1
Linezohid 2 4
Vancomyeimn 2 2
Ceftaroline 0.12 025
B Rifampin 0.06 1
[omeimmomiae $54 PRSP Levofloxacin ! 2
Linezolid 0.5 1
Vancomyein 0.25 1
Ceftaroline 2 8
Rifampin 0.5 8
A;:j{";e{.g;‘rms Jaecalis Levofloxacin 64 64
Linezohid 2 2
Vancomyeimn 128 128

Table 31 Acquisition of Resistance to Ceftaroline or Comparators in Serial Sub-MIC Broth Cultures

Organism ‘ Antibiotic MIC, ug/mL
Study TAK-399/00037, 2003 Passage 1 Passage 14
Ceftaroline 0.5 2
~ Vancomyein 1 2
MRSA N315P -
Flomoxef 4 512
Inupenem 023 256
Ceftaroline 1 4
Vancomycin 2 4
MRSA OFU4
Flomoxef 128 512
Inupenem 64 512
Ceftaroline 1 4
MRSA OFU4
Linezolid 2 16

Abbreviations: MIC = munimal inhibitory concentration: MRSA = methicillin-resistant S. gurens; PRSP = pemeillin-
resistant 5. preumoniae, VRE = vancomycin-resistant enterococei

Source: Study P0903-M-029, 2008; Study TAK-399/00057. 2003
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After 10 serial passages, a 2-fold change in ceftaroline MIC was observed for S. aureus and S. pneumoniae
strains tested, with the exception of S, pneumoniae 884 whose MIC increased 4-fold (from 0.12 to 0.5 mcg/mL).
For E. faecalis the ceftaroline MIC increased 4-fold (from 2 to 8 mcg/mL). For rifampin, MIC increased 16-fold
for S. pneumoniae 884; 16-fold for E. faecalis 847, and 16,000-fold for MRSA 2053; for vancomycin, MIC
increased 4-fold for S. pneumoniae 884; and for levofloxacin, MIC increased 8-fold for MRSA 2202 and S.
pneumoniae 3130 and 128-fold for MSSA 753.

In study TAK-599/00057 (2003), two different strains of MRSA showed a 4-fold change in ceftaroline MIC
over 14 serial passages (Table 32). The increases in MIC occurred at or before the seventh serial passage and
did not increase upon further passage. Table 32 summarizes serial passage results for additional organisms
including resistant and susceptible gram-positive and gram-negative strains. For the gram-negative species
tested, neither H. influenzae nor M. catarrhalis had more than a 2-fold increase in ceftaroline MIC over 10
serial passages, including one BLNAR isolate of H. influenzae.

Table 32 Summary Serial Passage at Subinhibitory Concentrations of Ceftaroline

. MIC, ug/mL
Organism
Passage | Passage 10

Enterococcus faecalis 796 (VSE) 2 g
Enterococcus faecalis 847 (VRE) 2 g
Haemophilus influenzae 1224 006 012
Haemophilus influenzae R
2797 (BLNAR) 0.06 0L
Moraxella eatarrhalis 335 0.004 0.004

Abbreviations: BLNAR = p-lactamase negative ampicillin resistant; CA-MRSA = community acquired methicillin
resistant S. gurens; MIC = minimal inhibitory concentration; MRSA = methicillin resistant S. anrens;
MSSA = methicillin susceptible 5. aurens; PSSP = penicillin susceptible S. pneumoniae; VISA = vancomycin
intermediate S. qureus; VRE = vancomycin resistant enterococei; VSE = vancomyein susceptible enterococei
Source: Study P0903-M-029, 2008.

In another experiment, the potential of resistance to develop following long-term serial passage was examined.
Isolates of S pneumoniae and S. pyogenes were serially passaged up to 50 times in sub-MIC concentrations of
ceftaroline, or comparators azithromycin and amoxicillin/clavulanate. The isolates of S, pneumoniae had MICs
to penicillin ranging from 0.03 to 4 mcg/mL. Following 50 passages, the ceftaroline MICs for the S.pneumoniae
isolates increased by no more than 4-fold. MICs for two isolates of S. pneumoniae increased 2-fold (one was
multidrug-resistant serotype 19A) and the other two isolates increased only 4-fold over 50 generations. For the
three S. pyogenes isolates, no increase in ceftaroline MIC was observed over 50 generations. The highest
ceftaroline MIC following serial passage was only 0.5 mcg/mL (Table 33).
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Table 33 Multistep Selection for Resistance with S. pneumoniae and S. pyogenes

Inital .
Strain Phenonpe” Antibieric MIC, Fin a{’_\ﬁf{. # Passages MIC Fold-
b ugfmL Increase
ug/mL
Ceftaroline 0.016 0.03 50 il
P .
eme emas Azifhromycin 8 16 50 o
Amew/clav 0.25 1 50 4%
< ) PEN-S (PEN G MIC Ceftaroline 0.125 0.5 50 4%
5 6’;:‘“”’"’"’“ 2 pgml), Azithromyein | = 64 NT NT NT
Maerolide B
crenae Amox/clar 8 16 50 X
PEN-5 (PEN GMIC | Ceftarcline 0.008 0.03 50 43
5 i 3 )
[ pnemmenias) 003 keml). Iy somyein | 0.03 =64 29 - 2100%
Quinclone-F Amew/clav 0.0% 0.03 50 no changs
PEN-I(FEN G MIC Ceftaroline 0.125 025 50 2X
5. preumoniae 4 pgiml), . .
500 Macrolida-R. Azithromycin =64 NT NT NT
MDR Amox/clay g 16 50 %
Ceftaroline 0.004 0.004 50 no changs
iﬁ’{"gs"“ PEN-S, Macrolide-R | Azithromycin |  0.06 1 28 16
Amen/clar 0.016 0.016 50 no change
Ceftaroline 0.004 0.004 50 no changs
iéﬂ%"gs"“ PEN-5, Macrolide-R | Azistromycin | =64 NT NT NT
Amox/clav 0016 0.018 50 no change
Ceftaroline 0.004 0.004 50 no changs
5. pye s
E-B*.’vl"g'*”" PEN-§, Macrelide-R | Azishromyein 4 32 35 ax
Amew/clav 0.016 0.018 50 no changs

a  Penicillin breskpoints from CLSI M100-319, 2009

Abbreviations: Amesx'clav = amoxicillin/clavulanare; MIC = minimum inhibitory concentration; MT = pot tested; FEN
G=pe in G; PEN-I = penicillin-intermediate; PEN-F. = penicllin resistant, PEN-S = penicillin suscaptible;
-B. = resistant.

Source: Clark etal, 2000,

Another study examined the serial passage of E. coli, a Gram-negative pathogen. The ceftaroline MIC for the
TEM-B-lactamase-negative strain U went up 16-fold, from 0.06 to 1 mcg/mL, and from 0.25 to 64/128 mcg/mL
for the TEM-producer strain V. The mutants with increased ceftaroline MIC derived from the TEM-negative
strain also showed increases in MICs of other cephalosporins and levofloxacin (Table 34). However, the
number of serial passages performed was not given for this study.

Table 34 MICs (mcg/mL) for Escherichia coli Mutants with Increased Ceftaroline MIC Selected in Multistep Experiments

Strain® Species 5;:;;’:" CPT | CPT/Clav | €TX | €AZ | FEP | CRO | DOR | PT | LVX |Resisiance npe
LN01QC06 (U) E. coliR- 006 | 006 |006]|0125| 003 | 006 | 0015 | 2 0.03 parent
U/multi/2X/0.125 E. coli ceftaroline | 025 | 025 | 025 | 1 | 025 | 006 | 0015 2 0125 | Permeability/
efflux
U/multi/4X/0.25 E. coli ceftaroline | 1 0.5 1 4 2 | 025 | oo 4 0125 | Permeabiliy/
efflux
EOT70 (V) E. coli TEM + 025 | 006 |006]| 025 | 003 | 006 | 0015 | 2 0.03 parent
V/mlti 2X/0.5 E. coli ceftaroline | 64 | 006 | 0125| 4 1 | o025 | 0015 | =128 | 003 ESBL
V/mlti/ 16304 E. coli ceftaroline | 128 | 006 |0.125| 8 1 | o025 | 0015 | =128 | 003 ESBL
Vil 128%/32 E. coli ceftaroline | 8 0025 |0125| 4 | 05 |0125| 0015 | =128 | 006 ESBL
Vimulti/1024X/256 E. coli ceftaroline | 64 | 0125 |0125| 4 1 | 025 | 0015 | »128 | 006 ESBL

*Codes indicate: Strain number/multistep/MIC multiple at which selected/actual selective concentration in pg/ml.

Abbreviations: Clav = clavulanate; CAZ = cefrazidime; CPT = ceftaroline; CRO = ceftriaxone; CTX = cefotaxime; DOR = doripenem; FEP = cefepime;
P/T = Piperacillin'Tazobactam; and LVX = levofloxacin.
Source: Study P0903-M-004/011, 2006
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Activity against isolates with different resistant mechanisms

The Applicant determined the in vitro activity of ceftaroline against S. aureus isolates possessing the mec type
resistance determinant (Table 35). The data showed that with SCCmec type IV showed ceftaroline MIC values
slightly lower (0.5—1 mcg/mL) than strains with SCCmec types I, I and III. The highest ceftaroline MIC values
were observed among strains with SCCmec type I (2—4 mcg/mL).

Table 35 Activity of Ceftaroline against Molecularly Characterized Staphylococcus aureus

i Vorhicill ‘ Ceftaroline
'S.' anreus Methicillin-resistance N MIC, pg/ml
Status and mec Type
Range MICs;, MICy;
Study P903-M-084, 2009
Methicillin-resistant S. aureus 50 05-4 1 2
Methicillin-susceptible S. aureus 10 25 025 025
S. aureus SCCmec type [ 10 2-4 2 4
S. aureus SCCmec type I 10 05-2 1 2
S. aureus SCCmec type 11T 10 1-2 2 2
S. aureus SCCmec type IV 10 05-1 1 1
S. aureus SCCmec type IV special
set of dominant USA clonal types 10 05-1 1 1
and variants
g Mothicill Ceftaroline
8. aurens Methicillin-resistance AT y
Status and mec Type N MIC, pg/ml
Range MICs, MICy;

Study P903-M-085, 2009

MRSA 50 05-2 1 2
S. aureus SCCmec type I 9 1-2 2 2
S. aureus SCCmec type 11 10 05-1 1 1
S. aureus SCCmec type III 10 05-2 1 2
S. aureus SCCmec type IV 21 05-1 05 1
Study P0903-M-038, 2009

CA-MRSA 92 025-1 03 1
S. aureus (VISA and hVISA) 23 025-1 0.3 1
S. aureus (DNSSA) 7 025-1 053 NA
S. aureus (VRSA) 10 012-1 05 1
S. aureus SCCmec type IL (PVL 38 1 1
Neg and ACME Neg)

S. aureus SCCmec type IV (USA 13 025 05
100 - PVL Neg and ACME Neg)

S. aureus SCCmec t_vpr.s IV (USA 40 ) 05 05
300 - PVL Pos and ACME Pos)

Abbreviations: CA-MRSA = community-acquired methicillin-resistant 5. aurens; DNSS = daptomycin-nonsusceptible
S. aursus; hVISA = heterogeneons vancomycin intermediate S aurens: MIC = minimal inhibitory concentration:
N =number os isolates; Neg = negative; Pos = positive; PVL = Panton-Valentine Leukocidin toxin;
SCCmec = Staphylococcal cassette chromosome mec type; VISA = vancomycin-intermediate S aurens;
VESA = vancomycin-resistant 5. qurens.

Source: Smdy P903-M-038, 2009; P903-M-084, 2009; P03-M-085, 2000.

In another study, the activity of ceftaroline against a collection of molecularly characterized ESBL, AmpC, and
KPC isolates was assessed in Study P903-M-084 (2009) and the results are shown in Table 36 through Table
38. As expected, all the MICs and minimal bactericidal concentrations (MBC) from these isolates were high,
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with an MIC90 > 128. Ceftaroline also had very limited or insignificant activity against P. aeruginosa in these
studies.

Table 36 Activity of Ceftaroline against Characterized Clinical Isolates of Gram Negative Bacteria with Characterized f-
lactamases

Organism Enzymne Type N MIC range, pg/nL | MBC range, ug/mlL
E. coli ESBL 10 2-512 4-104

K. preumoniae ESBL 10 8-1024 32-104

E. cloacae AmpC - derepressed 10 0.125-512 0.125-1024

P. aeruginosa MDR 20 §-236 16-256

Abbreviations: ESBL = extended-spectrum B-lactamase, MBC = minimal bactericidal concentration, MDR = muliidrug
resistant, MIC = minimal mhubitory concentration.

Source: Study P03-M-084, 2000.

Table 37 Activities of Ceftaroline against Selected B-lactamase-Producing Isolates of Enterobacteriaceae

’ Euey Ceftaroline
f-lactamase Enzyme N MIC, ygink
Type

Range MICs, MICyy

KPC 20 64-=128 - 128 =128
CTX-M 22 64-=128 =128 =128
Plasmudic AmpC 13 8-=128 16 =128
SME 5 1-2
MBL 3 32-=128

Abbreviations: MBL = metallo-B-lactamase; MIC = minimun mnhibitory concentration; MICsp= minimum inhibitory
concentration required to inhibit growth of 50% of organisms; MICy, = minimum inhibitory concentration
required to inhibit growth of 90% of organisms; N = number of 1solates.

Source: Study PO03-M-084, 2000.

Table 38 Activity of Ceftaroline against Class A and C p-lactamase-Producing Escherichia coli and Klebsiella pneumoniae

) ] Ceftaroline
Olgmnsm‘and No. of MIC, g/l
Enzyme Class Lsolates

Range MICy, MIC,,

E. coli o 5 ; N
Class Aand C = §-1%8 128 18
K. pneumoniae ) 5 . 5
Class A and C o §-18 1 128

Abbreviations: MIC = mummun inhibitory concentration; MICs= minimum inhibitory concenfration required fo miubit
growth of 50% of erganisms; MICs; = minmmum inhibitory concentration required to mbubit growth of 90% of
organisms

Sousce: Study PI03-\-084, 2009
Beta-lactamase Hydrolysis Studies on Ceftaroline

In another study, the kinetics of ceftaroline hydrolysis in the presence of various ESBL and cephalosporinase
enzymes was determined. The highest rates of ceftaroline hydrolysis were obtained for CTX-M-15 and KPC-2,
followed by TEM-1, SHV-4 and P99. P99 enzyme demonstrated the highest affinity for ceftaroline, followed by
SHV-4, CTX-M-15, TEM-1, and KPC-2 (Table 39). This suggests that ceftaroline is readily hydrolyzed by all
of these enzymes, and thus isolates producing these enzymes would be expected to be resistant to ceftaroline.
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Table 39 B-lactamase Hydrolysis Parameters for Ceftaroline and Benzylpenicillin as Comparator

Enzyme 2’:‘:;5::;:2; Substrate Mean keat, 5 Mean Km, pM .\1«;:;)55:::_?1(:",
P99 200 M CPT 0.74 21 03
P99 20nM BZP 20.8 49 42
Tem-1 104 oM CPT 312 201 02
Tem-1 1 oM BZP 859 306 281
CTX-M-15 5.6 M CPT 150 409 36
CTX-M-15 112 M BZP 49 10 49
KPC-2 8.6 nM CPT 73 342 0.2
KPC-2 8.6nM BZP 330 334 1.0
SHV-4 12aM CPT 207 155 1.3
SHV-4 30 nM BZP 28.6 114 2.5

Abbreviations: CPT = ceftaroline;: BZP = benzylpenicillin: kcat = turnover number; Km = half-maximal activity
concentration.
Source: Study CXL-M-002, 2009

p-lactamase Induction in Gram-Negative Bacteria

AmpC is either chromosomally or plasmid based cephalosporinase and contributes to resistance. Inducible
AmpC is capable of inactivating most penicillins and cephalosporins. AmpC induction is mediated by a
repressor system that is under the control of the AmpR. This system is commonly found in Enterobacteriaceae
such as E. cloacae, M. morganii S. marcescens P. aeruginosa and C. freundii, and mutations in the regulatory
system causing high level production of Amp C affects the activity of penicillin and cephalosporins.
Overexpression of AmpC in Enterobacteriaceae correlates with a decrease in susceptibility, or resistance, to
penicillin and cephalosporins. Moreover, phenotypic variations in the bacterial expression of the enzymes make
the task of laboratory detection more complicated.

Fourth generation cephalosporins, although more stable against hydrolysis from cephalosporinases, are
ineffective against Enterobacteriaceae that overexpress AmpC. To determine if ceftaroline induces AmpC, the
Applicant examined the effect of f-lactamase induction in some Enterobacteriaceae. Figure 5 shows ceftaroline
induction of AmpC with comparator agents. Two inducible isolates and their basal mutant derivatives were
studied for each of the following species: E. cloacae, C. freundii, M. morganii, S. marcescens, P. vulgaris, and
P. aeruginosa. All strains studied were characterized using isoelectric focusing and were shown to produce no
other B-lactamases than AmpC. All the reference strains had low B-lactamase activity in the absence of inducers
but showed strong induction by cefoxitin, with high induction ratios. Ceftaroline, cefotaxime, and ceftriaxone
were weaker inducers of Amp C.

Page 71 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Figure 5. Induction Ratios (B-lactamase Specific Activity with Inducer/p-lactamase-Specific Activity without Inducer) for Enterobacter
cloacae 684C

500.00
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In Table 40, the results of studies with one isolate of E. cloacae are shown. E. cloacae 684 had an induction
ratio of 475 for cefoxitin at 1 x MIC, which was the largest induction ratio of all isolates tested, which
compared to a ratio of only 2.31 for ceftaroline at 1 x MIC.

Table 40 Induction Ratios (f-lactamase-specific Activity with Inducer/p-lactamase-Specific Activity without Inducer) for
Enterobacter cloacae 684

Specific activity
. . . 40D min wich . r (nmeles nitrocefin . .
Sample Inducer, g/l | LV | Provein, mgfmL | [UOST OSSN | Fnducrion Rario
protein)

[None 0 0.015 0.383 0.0533 1.00
C eftaroline . =
035 « MIC 0.3 0014 0.767 0.0574 1.08
fiﬁﬁl"c““ 2 0.032 0816 01233 231
(Ceftaroline - . 2 B
4« MIC 3 0.07 0.263 0.3370 1570
Ceftaroline an 2 qam 27107 -
16 » MIC 32 0.304 0.257 3.7197 69.79
Ceftrizone 0.5 0.034 0.844 01267 238
0.25 = MIC ” i ’ T -
(Ceftriaxona . . -
1« MIC 2 0.048 0.577 0.2507 4.70
(Ceftriaxona . - s -

43 3 2 5
4« MIC 3 0.143 0.153 25391 3514
(Ceftriaxona a9 237 17 = 147
16 » MIC 32 0.337 0.174 6.09035 114.27
Cefotaxime 4 - -
035 - MIC 0.25 0.017 0913 0.0584 110
-efotasime 1 0.022 0932 0.0742 139
1« MIC 02 93 07 13
[Cefotaxime _

2 3

4« MIC 4 0.018 0.292 0.1938 364
(Cefotaxmme 1 1 4.7
16 = MIC 16 0.18 0118 4.7965 90.00
(Cefoxitin - 5 - = -
025 = MIC 64 0.858 0.103 26.1953 491 .47
C efoxitin - . . - -
1« MIC 256 1119 0.13% 253156 474 96
(Cefonitin 1024 1297 0217 18.7955 35264
4« MIC - = - e o

Abbreviations: MIC = minimal inhibitory concenmation; OD = optical density.
Source: Smdy PRO3-M-058, 2009,

Summary and conclusion:

The in vitro studies described within this review, indicate a lower propensity for the development of ceftaroline
resistance following serial passage experimental studies compared with comparator agents. Additional data
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presented by the Applicant show that ceftaroline is an inducer of AmpC. The production of AmpC has been
reported in a variety of Enterobacteriaceae and non-fermentative Gram negatives. AmpC induction may
complicate the use of B-lactams for the treatment of infections caused by these organisms. AmpC B-lactamase
confers resistance to a variety of penicillin and cephalosporin antibiotics and poses diagnostic and therapeutic
challenges as their presence may go undetected in the presence of ESBLs. The detection of AmpC is clinically
important since they are usually not inhibited by B-lactamase inhibitors.

EFFECT OF TESTING DYNAMICS ON CEFRAROLINE ACTIVITY:
Effect of medium on the in vitro activity:

Table 41 summarizes ceftaroline activity using variations from the CLSI broth microdilution method (CLSI
M7-A7, 2006) including Ca", percent NaCl, medium, atmosphere during incubation, presence of serum, and
agar dilution. Five percent (5%) NaCl inhibited growth and/or reduced MICs for E. coli and K. pneumoniae and
completely inhibited the growth of M. catarrhalis, H. influenzae, and all streptococci. At pH 5.0, the MIC
decreased for an isolate of P. aeruginosa and for most tested isolates of staphylococci and enterococci (Study
P0903-M-001). At pH 6.0 the MICs were usually within 2-fold of the reference values, except for isolates of H.
influenzae and M. catarrhalis which failed to grow at this pH (Study P0903-M-046, 2008). Variable such as the
presence of serum had a small but measurable effect; the MICs were generally within one dilution of the
reference method.

Table 41 Effect of Medium and Incubation on the In Vitro Activity of Ceftaroline Compared with CLSI CAMHB Broth

Ca++ | % NaCl Madium Incnbation Amesphere % Serum Agar Dilution PH
Organism Sirain # | REF MEA
JomgL i LHE | HIM CO2 | mmaerobic| 10 Jo MHA -v-;..:n HIMA J 1] &
LHE
MIC, pginal

Study PO20I-M-046, 2008

12 3 03 § 1123 ] 25 25 1t 25 §
[E. coli 0.06 0.125 0.123 006 | 006 | 0025 [ 025 | 025 ut 006 | 006
25 | 0125 [ 0025 0.123 006 | 0.03 0.03 0215 [ 025 ut 006 | 003

5 25 125 3 25 0 1t 5 2
\E. preumoniae 04 0§ g | .08 ] 125 25 It ] §
0.06 0.125 0.08 003 | 0.08 006 | 0125 | 025 ut 006 | 006
wt 0.06 0.03 006 | 0.08 1g 0.06 |0123 ut Lg 0.08
\H. influenzae wt 0.008 0.006 | 0.008 | 0.008 1g 008 | 0015 1t vg | 0008
wt 0.013 0.03 006 | 0.03 1g 0015 | 0.08 ut Lg 0.03
0.06 nz 006 | 0123 | 006 0.03 nz ut g | 0125
M. catarrhalis 0.23 nz 0125 | 025 0.06 003 | 003 1t Ig 0.25
025 nz 025 | 023 003 | 0015 | 0068 ut 003 | 006

2 0125 2 025 | 05 | m 2
,S"Ig;‘f"’ R 2 025 | 08 | m |02 025
s 0125 2 025 | 05 | wm |02 | 0123

2 5 |0 1| = |05 | o3

ii;';'fi"’ 3 2 5 | 1 w |025 ] 03
2 5 |0 1| m [o2s| 025

Page 73 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection
Cerexa Inc.

Ca+= | % NaCl|  Medium Incubation Atmesphere % Serum Agar Dilution H
Organism Strain # | REF X N MEA N )
Jlmg/L 3 LHE | HIM coz2 anaerobic 10 30 MHEA IHB HTMA 3 & 8
0212 03 0.3 1 03 1 03 1 0.5 2 uf 0.5
IE. faecaiis 18284 1 1 2 2 2 1 2 2 4 ut 2 2
18877 1 1 0.06 1 2 03 2 0.3 4 ut 0.5 2
17018 | 0.002 | 0.002 nz it 0.004 0.008 | 0.008 | 0.013 ut 0.002 | 0.002
[5. progenes 17019 | 0.004 | 0.004 ng ot 0.004 0.002 | 0.008 0013 ut 0004 | 0.004
19047 | 0.004 | 0.004 nz it 0.004 0.008 | 0.008 | 0.013 ut 0004 | 0.004
40619 | 0015 | Q013 ng ot | 0.013 0.013 0.002 | 0.015 | 0.008 ut 0015 | 0.002
19094 | 0.004 | 0.004 nz wt | 0008 | 0.004 0.008 | 0.008 | 0.008 ut 0004 | 0.004
< 19095 | 0.004 | 0.004 nz nt 0.004 0.008 | 0.008 |0.008 ur 0004 | 0.004
13343 | 0025 | 0115 ng ot 0.06 0.06 | 0125 0123 uf 0
13385 | 0125 | 0113 nz ot | 0.123 0.125 006 | 0125 0125 ut 0
18876 | 0.23 0.25 ng ot 0.15 0.25 0.125 0.25 0.15 0.123 025 | 013 ut .25
Study POS03-AL-001 (Part II), 2004
IE. coli 0.06 25871 | 0.06 0.06 ur 0.08 | 0.08 0.06 .08 0.06 0.03 ur ut ut 0.12 0.06 [ 0.0
IE. clogcae 32434 03 03 ot 023 0.25 0.5 05 ot ot nt ot ot 03 01z 0.25
P. qeruginosa | 17833 3 16 at Ex) ] 4 4 16 32 ut ot ot 0.3 2 32
A. baumannit 2 of 2 1 2 2 g hiig il uf ot 4 2 2
|5, anreus 0.06 Jald 01z 006 012 .08 ot ot nt ot ot | <0018 | 012 0.12
5. anreus 012 ut 012 | 012 0.25 0.25 nt nt ut ut ut 0.03 012 [ 025
|5, anreus 1 of 2 1 1 1 n ot nt ot ot 0.03 05 2
Ca+= | % NaCl Medium Incubation Aimesphere % Sernm Agar Dilution PH
Organism Strain # | REF ] . MEd . ]
FlmgL J LHE | HIM COr | anaerobic| 10 30 MHEA IHE HIMA J g 8
MIC, pgiml
(5. anreus 30-1004) 0.3 035 ot 05 0. 0.3 0.5 ni i d nt ot ot 0.03 05 03
CaNS 51-81A | 03 03 nr 03 0.5 03 0.5 ne nt nt nt nt 0.03 0.25 03
CoXN3 37-353A| 006 ot ot ot nt ot ot 0.06 012 | =0.014
E. faecalis 24212 1 [ ot 05 015 1 1 il s ot nt ot ot 1 2 0.06
E. faecalis 33-15A 3 4 ot 4 0.5 4 4 ot ot ut ot nt 012 1 4
|E. faecium TE-4644) 4 4 ar 2 1 4 4 ot ut ot ot ut 012 1 4
(5. pnewmenige | 49519 | 001 | 0018 ot il ot 008 ot ni ot nt ot ot 001§ | 0018 ng
|Viridaus roup | c 200l go1s | 0016 | 0016 | o ut 0.08 ut o ut it o w | 0016 |0016| N
ptreptococcus

Abbrevistions: CAMHE = cation adjusted Muesller Hinton broth; CLSI = Clinical Laboratories Standards Institute; OO0y = carbon dioczde; CoMS = coagulase-nagative
staphvlococct: HTM = Haemophilus test medinm; HTMA = Haemophilus test medium sgar; LHB = lysed horse blood; MHA = ler Hinton agar,
MESA = mathicillin-resisrant 5 5 MS5A = methicillin-suscaptble 5 aurens; EEF = CLSI reference conditions; ng = no growth; ur= not tested.

Source: Smdy PO803-M-001 (Part II), ; Jomes et al, 2003, Snudy POPOZ-M-048, 2008

Effect of inoculum size on activity:

The impact of inocula was evaluated using broth microdilution. In Table 42, the MIC increased greater than 32-
fold with an inoculum of 1 x 10° CFU/mL compared to 1 X 10* CFU/mL (or to the reference at 10° CFU/mL),
for 1 of 3 E. coli strains that were also resistant to ampicillin (MIC > 32 mcg/mL) and 1 of 3 K. pneumoniae
strains. Higher inocula also increased MICs by 16- to 66-fold for M. catarrhalis. With an inoculum of 5 x 10’
CFU/mL, a tested isolate of both E. cloacae and P. aeruginosa had increased MIC.
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Table 42 Effect of Inoculum Size on the In Vitro Activity of Ceftaroline in Broth Microdilution
MIC, ug/nL, as a Function of Inoculum, CEU/mL

Organism Strain #
REF 1x10* 1x10°
Study P0903-M-046, 2008
25922 0.06 0.06 0.125
L. coli 19089 0.06 0.03 0.125
19090 0.03 0.03 2
19091 0.25 0.25 =8
K. pneumoniae 19092 0.03 0.03 0.125
19093 0.06 0.03 0.25
49247 0.015 ng 0.06
H. influenzae 16081 0.008 ng 0.008
18520 0.015 0.015 0.06
11940 0.125 0.03 2
M. catarrhalis 14032 0.06 0.03 1
18861 0.03 0.015 2
29213 0.125 0.125 025
S. aureus MSSA 18488 0.125 0.125 0.25
18401 0.125 0.125 0.25
18483 0.25 0.25 0.5
S. aureus MRSA 18504 0.25 0.25 0.5
18526 0.25 0.25 0.5
29212 0.5 0.5 1
E. faecalis 18284 1 1 2
18877 1 1 2
MIC, ug/imL, as a Function of Inoculum, CEU/mL
17018 0.002 0.002 0.004
S. pyogenes 17019 0.004 0.004 0.004
19047 0.004 0.004 0.004
49619 0.015 0.008 0.015
19094 0.004 0.004 0.004
5.2 . 19005 0.004 0.004 0.004
13343 0.125 06 0.125
13385 0.125 0.125 0.125
18876 025 025 025
Study P0903-M-001 (Part II), 2004 REF 510 5% 107
E. coli 25922 0.06 0.06 0.25
E. cloacae 3243A 05 025 =32
P. aeruginosa 27853 8 4 =32
A. baumannii 25-735A 2 2 4
S. aureus 25923 0.12 0.12 0.12
S. aureus 29213 025 012 0.25
S. aureus VISAI2 1 1 2
S. aureus 30-100A 05 05 1
CoNS 51-81A 0.5 0.5 1
CoNS 57-353A 0.06 0.06 0.12
E. faecalis 29212 1 1 2
E. faecalis 33-16A 8 4 8
E. faecium 78-464A 4 4 4
S. pneumaniae 49619 0.016 0.016 0.016
:"::‘l::’n‘c‘ng:c:'l‘:l’ 35-329A 0.016 0.016 0.016

Abbreviations: CFU = colony-forming unit; MIC = minimum inhibitory concentration; REF = CLSI reference
conditions (ie, inocula 5 * 10° CFU/mL); ng = no growth
Source: Study P0903-M-046, 2008; Study P0203-M-001 (Part II), 2004

In another study, the inoculum effects on ceftaroline MICs were also studied for 96 Enterobacteriaceae using
agar dilutions and an inoculum of 10* or 10° CFU/spot using the oxyimino-cephalosporin, cefotaxime, as a
comparator (Table 43). All B-lactamase-producing isolates from this study were characterized using isoelectric
focusing and by PCR (Study P0903-M-004/011, 2006). Geometric mean (geomean) MICs and the ratio of the
geomean MICs between the two inocula (106/104) for all the MICs for each organism group were used to
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evaluate the impact of inoculum cell number on the MIC (Table 42). Overall, higher MICs were observed for all
isolates containing B-lactamases at higher inoculum cell numbers.

Table 43 Impact of Inocula Cell Number on Ceftaroline and Cefotaxime Agar Dilution MIC Using Molecularly Characterized
Enterobacteriaceae

MIC, nginL, as a Function of Inoculnm MIC, ng/mL, as a Fuuction of Inoculim
CFUML MIC Ratio (10°10) ) CFUmL MIC Ratio (10°10°)
Organism Type Ceftaroline Cefotaxime Crgmiam e Ceftaraline Caforaxime
n' 10° 10 10 Cafiaroline Ceforaxine 1w 10° 10* 10° Céftaroline Ceforaxime
Escherichia coli AmpR Protens mirabilis AmpR
p— 006 006 006 01 0 208 2. mirabilis TEMA | 025 256 0015 05 1024 3333
TEM-1 025 128 003 2 512.00 6667 ||p mirabitis TEMCBCR) 105 0135 | 0015 | 035 1 1667
TEMEL el 4 s | 0% 800 AL | P— TEM2 | 05 36 | oo 2 512 13333
Ll e 2 06 L 1600 B | Py— TEML | 00 05 | o5 | 008 2 4
TEM-L 0.06 2 0.06 035 833 LI | Py—— TEM2 | 025 4 0015 | 023 16 1667
TEM-1 006 02 0.0 023 17 +17 P mirabilis TEM3 | 0125 128 0015 | 025 1024 1667
TEM-1 0.125 005 0.06 0125 400 208 2. mirabilis TEM-2 05 256 0015 05 512 3333
a5 2 006 | 025 800 417 |[P ratais TEML | 006 ) 0015 | 05 333 33
p—] e e 0 s o Iy P mirabitis TEM2 | 0125 1 0015 05 3 3333
TEM1 | 0125 4 006 | 0125 32.00 208 ||P.mirabits TEMCRCR) aos 2 0015 | 05 333 1333
TEMT | 025 & 006 | 012 | 25600 208 [P miradiis TEM2 | 05 36 | 003 2 51 6667
: TEM-1 006 025 003 006 ALl 200 V|p mirains TEM1 05 5 0.03 03 128 16.67
cof TEM1 | 012 ! 05 | 01 800 208 [P mirabitis TEM-2 05 3 0015 | 006 64 4
col TEM-1 02 ! 006 0% 400 A7 [P mirasitis TEM-1 05 32 0015 05 64 3333
col TEM-1 ! 4 0.06 025 417 Protens mirabilis AmpS
col TEM-1 0.125 0.25 006 0.125 208 P_mirabilis none 003 1 0.015 1 3333 66.67
£. coll TEM- 4 256 0.06 0.125 208 P mirabilis none 0.06 03 0015 0.5 833 1667
|Escherichia coli AmpS P mirabilis none 0.125 4 0.03 05 1 16.67
E. coli none 0.06 0.125 0.06 0.125 2.08 208 P mirabilis none 0.06 2 0015 1 33 66 67
E. coli nane 0.125 0.06 0.125 025 048 200 P mirabilis none 0.125 4 0015 05 2 3333
fene 0.03 0.06 0.06 0.125 08 P mirabilis none 0.06 2 0015 1 333 66 67
fone 0.06 0.125 0.06 0.25 417 P mirabilis none 003 1 0015 025 3333 16.67
a0ae 0.03 0.06 0.03 0.06 2.00 P mirabilis none 003 05 0015 | 0125 16.67 33
none 0.06 0.06 0.06 015 4.17 P. mirabilis none 0.03 1 0.015 05 3333 3333
none 0.06 0.06 0.06 0.125 2.08 P mirabilis none 0.06 0125 0015 05 208 3333
none 0.06 0.06 0.06 0.125 208 P. mirabilis none 0.06 1 0.008 025 16.67 3125
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MIC, ng/mL, as a Funcrion of Inoculum
CFUsinL MIC Rario (10°10%)
Organism Type Ceftaroline Cafotaxime
10* 10° 10° 10° Ceftaroling Cefotaxime
ESBL producers
E. coli ESBL 8 - 128 16 =128 =16 =8
E. coll ESBL 16 - 128 0.125 1 -8 g
E. colt ESBL 8 - 128 0.125 1 =16 8
E. coll ESBL 8 - 128 16 >128 =16 > 8
ESBL 2 - 128 8 128 = 64 =16
ESBL 2 128 2 =128 =32 = 64
ESBL 4 - 128 16 =128 =32 =8
ESBL 4 - 128 16 =128 =16 B
ESBL 8 - 128 32 =128 =16 =4
ESBL 4 - 128 8 =128 =32 =16
ESBL 32 - 128 32 >128 -4 4
ESBL 4 - 128 32 =128 =32 4
ESBL 32 - 128 64 =128 -4 2
ESBL 8 - 128 16 =128 =16 =8
ESBL 4 - 128 16 =128 =32 8
ESBL 32 - 128 16 =128 -4 8
Reference strains
E. coli none 0.06 0.06 0.06 0.06 1 1
J TEM-1 2 236 0.06 0.06 128 1
TEM-2 0.3 256 0.06 0.25 512 417
E. colt SHV-1 05 32 0.06 0125 64 208
E. coli none 0.03 0.06 0.03 0.125 2 417

Abbreviations: AmpS = ampicillin susceptible; AmpR = ampicillin resistant; CFU = colony-forming unit
ESBL = extended-spectrum (-lactamase; Geomean = geometric mean; MIC = minimum inhibitory concentration;
NC = not calculated: Pip5 = piperacillin susceptible; PipR = piperacillin resistant.

Source: Study P0903-M-004/011. 2006

Effect of Broth Micro Dilution Panel Storage at -70,C on the In Vitro Activity of Ceftaroline

The Applicant investigated shifts in MIC over time course of storage of MIC panels. If degradation of
ceftaroline were to occur over time, it is expected that MIC values would increase with panel storage as the
active concentration of the drug decreases and a shift in MIC would occur from the early time point
measurement versus the MIC of the same QC isolate after panel aging. The data in Figure 6 using E. coli ATCC
25922, H. influenzae ATCC 49247, S. aureus ATCC 29213, and S pneumoniae ATCC 49619 demonstrate that
no systematic changes occurred in the MIC for ceftaroline when CLSI reference panels were stored at -70°C,
thawed, inoculated, and then MIC determinations carried out. No systematic changes to MIC were observed for
up to 400 days for two gram-positive QC isolates and two gram-negative QC isolates (Figure 6). This indicates
that ceftaroline in MIC panels stored frozen at -70°C is stable, and the panels can be used routinely for at least
one year after manufacture.
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Figure 6. Gram-Positive and Gram-Negative CLSI Frozen Panel QC Stability of Ceftaroline Stored After Freezing at -70,C
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Effect of Disc Storage on the In Vitro Activity of Ceftaroline

In another study, the Applicant determined whether degradation of ceftaroline occurs during disk storage thus
impacting the zone size. Performance was analyzed at the beginning, middle, and end of the storage time: T =0
weeks (Baseline test), T =26 weeks, and T = 52 weeks. Test discs were tested against a control freshly made on
the day of testing. Overall, the performance of the product stored between -20°C and 8°C at the 64-week time
point was found to be comparable to the Baseline test (Table 44 and Table 45). The stability is therefore
satisfactory and the microbiological adequacy reached.

Table 44 Determination of Ceftaroline Concentration of 30-pg Disk - Stability after Storage at -20°C, by Bioassay

) Test Period / Average Zoue Size, mm
Date of Test (dd/mmyy) d

03/072007| 081172007 15/04/2008 01/07/2008
Age of disks, months 3 6 12 15
Days mn use 1 1 7 1 7 1 7
S. aureus ATCC 25293 2929 | 3275 | 3271 | 3668 | 2988 | 3253 | 3248
E. coli ATCC 25922 2034 | 2962 | 3138 | 3191 | 3154 | 2934 | 3033
P. aeruginosa ATCC 27853 | 2345 21| 2197 | 2177 | 2251 | 2186 | 2072
féggf“m"”f"" ATCC 2878 | 3448 | 348 | 3537 | 359 | 3334 | 33.18

H. influenzae ATCC 49247 3981 37.63 38.56 3334 33.04 3164 32.02

S. pneumoniae ATCC
49619

Plate Assay - 3089 - 35.54 - 3487

Abbreviations: ATCC = American Type Culture Collection
Source: PO03-M-087, 2000

36.68 37.26 3893 36.61 36.7 34.68 3533
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Table 45 Determination of Ceftaroline Concentration of 30-pg Disk - Stability after Storage at 8°C, by Bioassay

Test Period / Average Zone Size, mm

Date of Test (dd/mm/yy)

03/07/2007 08/11/2007 15/04/2008 01/07/2008
Age of disks, months 3 6 12 15
Days m use 1 1 7 1 7 1 7
S. aureus ATCC 25293 295 3332 33.58 36.55 36.17 32.02 3297
E. coli ATCC 25922 28.82 31.15 30.88 32.76 3248 30.06 2026

P. aeruginosa ATCC 27853 | 2342 21.6 2147 22.04 2281 21.56 2073

K. pnewmoniae ATCC
20665

H. influenzae ATCC 49247 3895 3854 3827 3223 32.67 31.67 3146

S. pneumoniae ATCC
49619

Plate Assay - 3383 - 355 - 3594

Abbreviations: ATCC = American Type Culture Collection
Source: Study P0903-M-087, 2009

2045 3508 3523 3507 36.46 3238 3153

355 385 38.00 36.19 35.76 3486 3426

Stability of Ceftaroline in Mueller-Hinton Broth (MHB)

Another study examined the stability of ceftaroline in MHB by high-performance liquid chromatography/mass
spectroscopy (HPLC/MS) analysis to measure ceftaroline concentrations over a period of 48 hours in MHB
(Study P903-BDM-01, 2009) at different temperatures (Figure 7 and Table 46). After two hours at room
temperature there was an approximate 1.5% degradation of ceftaroline. This suggests that storage time on the
bench prior to inoculation is relatively robust at room temperature and should have little impact on the MIC. At
35°C, the presumed panel incubation temperature after inoculation, an approximate 15% decrease in
concentration of ceftaroline after 6.5 hours occurred, and an approximate 30% decrease occurred over 24 hours.

Figure 7. Ceftaroline Solution Stability 20.00 mcg/mL in MH Broth
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Table 46 Ceftaroline Stability in Mueller-Hinton Broth: Percentage Initial Ceftaroline Area at Time 0 Hours Using HPLC/MS
Analysis

Hours -20°C £C RT 35°c
0 100% 100% 100% 100%
1 100% 100% 99.2% 97.2%
2 99% 09% 99.6% 100%
4 100% 100% 94.1% 90.3%
6 98.6% 08 9% 95.2% 86.6%
24 95.7% 99 4% 87.1% 70.9%
48 93 7% 98 3% 79% 43 9%

Abbreviations: HPLC/MS = high-performance liquid chromatography/mass spectroscopy; BT = room temperature.
Source: Study P903-BDM-01, 2009.
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EFFECT OF MISCELLANEOUS FACTORS ON CEFTAROLINE ACTIVITY
Effect of Protein-Binding

The activity of B-lactams has been shown to be dependent upon the time the serum concentration exceeds the
MIC of the drug. Clinical success usually occurs when the unbound serum concentration of the B-lactam
exceeds the MIC of an infecting agent for more than 20-50% of the dosing interval®*. This dosing interval varies
by the B-lactam class. For instance, 20-25% is generally required for carbapenems, 30-40% for penicillins, and
40-50% for cephalosporins™**. Therefore, the Applicant conducted protein binding studies to investigate the
extent at which ceftaroline binds to plasma protein.

A summary of the protein binding that were conducted in mice, rats, rabbits, monkeys, and humans using
different ultrafiltration and MIC methods is presented in Table 47. The effect of 50% human serum (heat-
inactivated or not) and serum albumin (45 mcg/mL) on in vitro MICs of ceftaroline was assessed against a set
of gram-positive and gram-negative pathogens. Serum-resistant isolates were employed in order to obviate the
killing effects of complement. In one study (TAK-599/00069 2003), protein binding in mouse ranged from 32.1
- 35.6%, rat from 36.8 - 40.7%, monkey 14.2 - 20% and human from 23.4 - 26.4%. In another study (P0903-P-
001, 2006) binding to proteins in mouse serum ranged from 34.5%-37.5%, while binding to plasma proteins in
rabbit was 4.6%-17.0%, monkey was 16.8%-22%, and human was 0.9%-19.3% (0.9% at 50 mcg/mL, 7.4% at
150 meg/mL, and 19% at 5 mcg/mL). MIC testing using standard broth microdilution methods with 2-fold
serial dilutions of ceftaroline revealed no significant differences (greater than £ 1 log, dilution) in MICs from
the CLSI reference conditions by the addition of up to 50% inactivated human serum for the vast majority of the
isolates tested. The only exceptions were for some isolates of H. influenzae and M. catarrhalis that showed a
greater than 2 or more-dilution increase in MIC in the presence of serum.

Table 47 Summary Table of Studies on Protein-Binding of Ceftaroline

(M erliod Prorein Source  |Assay or Organisms Provein-Binding, or Reference
Ourcome
monse plazma Scintillation 321-356% Soudy
s rat plasma comnting; "“C- 368 -40.7% PRt
Ultrafiltration monkey plasma ceftaroline at 0.5, 147 - 20% Tm{-igz.f)cﬂég.
human plasma 5.0, 50 ug/mL 234 -264% T
monse plazma i 345-37.5%
L rabbit plasma HPLCMS; 46-17.0% Study POSO3-P-001,
Ultrafiltration monkey plasma ceftaraline 2t 5, 50, 168 - 2135, 2006
¥ and 150 pz/mL SeE oSSl
human plazma 0.9-193%
S - oli . 3_D_003
Ultrafiltzation human plasma j:':lfr’;iz‘:?ﬁ 14.5 - 28% Study P?QE; P-003,
Study
s neutropenic mousse |ceftarcline at 10 and o POS03-M-0032, 2004;
Cltrafilation erum 100 wziml 63 - 66% Andes and Craiz,
2006
MICs vs & aureus
Effect on MICs inactivated human | (4). 5. prewmoniae | Mo changes in MIC |Study PO903-M-001
(broth serum at 3, 10 and (20, E. coli, greater than = 1 logs (Part II), 2004
microdilution) 50% K. pneumoniae. dilution Jones et al, 2005
P. aeruginosa
MICs vz & awreus | Mo changes in MIC
(5), 5 pyogenes (3), |greater than = 1 log,
Effact on MICs inactivated pooled E. faecaliz (3), dilution, except for
(oroth s P F 10 | 5 prewmeniaz (6), 2-dilution Study
m;;m itation) *m?lnjzgg?a H. influenzae (3), | differences for 2 | POS03-M-046, 2008
R sRd oLe M. catarrhalis (3), izolates of
E. pneumoniae (1), | H imfluenzae and
E. coli (3) M. cararrhaliz
active pooled human| HCsvsseram | )
serum 2t 0% resistant isolates of | No changes in MIC
imactivatad poolad 5. aurens (6, in presence of sarum
AICs ma ¥ fae (1) activ ctive)
(Etflf:;: on MICs buman serum at | O Eremenias (1) if:.:;;“_‘:):é:; Study P903-M-062,
! . 50%; = | SHECERT 2009
microdiiution) for some enterococci
aroman semm MICs increasaed 2-
albumin a1 to 8-fold
45 pz/ml H. influenzas (2)

Abbraviations: MIC = minimum inhibitory concentration.
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Table 48 shows the effect of serum protein on MIC, the test was conducted against a panel of characterized
serum-resistant isolates of S aureus (6), S pneumoniae (2), E. faecalis (3), E. faecium (2), E. coli (2), K.
pneumoniae (1), and H. influenzae (2). The genotype/phenotype data given show that many of these isolates had
known resistances to other agents. MICs were determined by broth dilution according to CLSI methods in
cation-adjusted Mueller-Hinton broth (CAMHB), and CAMHB containing 50% active pooled human serum,
50% heat-inactivated pooled human serum, and 45 mg/L albumin. Ceftriaxone served as a comparator for all
species except S aureus, for which vancomycin was the comparator. With the exception of some enterococci,
the MICs of ceftaroline for all strains ranged from < 0.06 to 2 mcg/mL. This range occurred for isolates that
were susceptible or resistant to methicillin, vancomycin, daptomycin, quinupristin/dalfopristin, or quinolones,
or whether they were a p-lactamase producer (H. influenzae). The presence of inactive or active serum or
albumin appear to have little to no effect on ceftaroline MICs except for the enterococci, for which the MICs
were increased 2- to 8-fold by serum (active or inactive) or albumin. In this Reviewer’s opinion, conclusive data
was not submitted for S. pneumoniae isolates. The Applicant stated that S. pneumoniae could not be evaluated
in the presence of serum, as a result of frequent phase variation that influences their serum resistance properties.
Additionally, H. influenzae isolates grew poorly in active serum. Increases in MIC were also observed for K.
pneumoniae ATCC 13182 in the presence of serum.

Table 48 Effect of Serum Proteins on MICs for Ceftaroline against a Panel of Serum-Resistant Gram-Positive and Gram-
Negative Isolates

Cefiareline MIC, ng/mL”
. Phenotype’ - 50% — 50%
Sir ! y : + 45 g
fram Genotype No Serum Active Inacrive 43 e .ML
o - Albumin
Serum Serumi
5. anrens ATOC 28213 MESA 025 0.125 0.125 0.25
5. anrens ATCOC 33593 MESA 2 2 1 1
5. aureus Mu-50 VISA 1 1 0.3 05
Y i/ dalfio-]
5. aurens ST247 PESA, quinu/dalfo K 2 2 2 21
(varB vghd)
MESA,
S —_— 25 : . :
5. aureus ST225 DAP-R 1 1 1 1
5. aurens STS MS5A 023 0.25 025 025
< : e A N
3'9‘;’1’;”’”0"’“ ATCC suscaptible = 0.06 ND ¥D 0.125
FEN-F., macrolide-F,
5. pneumoniae BAY 19307 quinclone-F 0.125 ND wD 0.125
(gyrd parl)
E. faecaliz: ATCC 29212 WAN-5 0.5 2 2 2
E. fascaliz: ATCC 51259 WVAN-E 0235035 4 -1 4
E. fascaliz TTW 6940 TGC-R 4 16 32 32
E. fascium UW 3695 Van-S, LNZR, 16 32 32 32
quinclone-E
E coliWT susceptible =006 0.125 =006 |0.125, =006
E. coli WT 3-1-M4 quinclone-R =0.06,0125 |0.125, 006 0.125 0.125
(gyrd parl)
ﬁ."g;’"”o"f“ ATCC msceptible = 0.06 = 0.06 1 05
X Preymonize ATCC susceptible 1 1 1 1
H. influenzae ATCC 33391 | B-lactamase nagative = 0086 NG = 0.06 = 0.06
H. influenzae England 1 B-lactamaze positive = 008 NG = 0.06 0235

a  MIC tests wars performed in duplicate, and where the rasuls wers idenrical, onlv one value is lsted.
B Fesults of a duplicate test performed on a separate day

Abbreviations: ATCC = American Type Culture Collection: DAP = dapromycin; MIC = mivimal inhibitory
concentration; MS5A = methicillin-sensitive 5. aur RSA = methicillin-resistant 5. aureus;
i B = guinupriston/dalfopristin reistan: 3 A vancomy cin-imremmedizte 5. qurewus; B = resistant
5 = susceptibile; PEM = pemcillin: VAN = vancomycin; WT = wild type; TGC = tigecycline: LNZ = Iinezolid;
WD = pot determined; NG = no growth.

Source: Smdy PRO3-M-062, 2009,
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Post Antibiotic effect

The PAE describes the suppression of bacterial growth that occurs after short exposure to an antibiotic. The
PAE is a consequence of the initial exposure to high concentrations of antibiotics rather than to persistent sub-
inhibitory levels. The PAE was determined for ceftaroline against the list of organisms in Table 49.

Table 49 Postantibiotic and Sub-MIC Studies with Ceftaroline

Organism

S. pneumontae (2)

MSSA,

E. coli (1)

PSSP

various doses in
neutropenic mouse
thigh infection
model

\ Resistance Phenotypes Test Study Number
(Number of isolates) i )
S. aureus (2) MSSA, MRSA,
E. faecalis (2) VSE, VRE,

pl
S. pneumoniae (2) PSSP, PRSP, Study
M. catarvhalis (2) f-lac neg, p-lac pos in vitro PAE P0903-M-030,
2008
H. influenzae (2) amp$, BLNAR
K. pneumoniae (1) non-ESBL
E. eoli (1) non-ESBL
g\;i::ibr:fo \f isolares) Resistance Phenotypes Test Srudy Number
S. aureus (2) MSSA, MRSA,
E. faecalis (2) VSE. VRE.
S. pneumontae (2) PSSP. PRSP,
. Study P903-M-055,
M. catarrhalis (2) B-lac neg, p-lac pos in vitro PAE ey 2000
H. influenzae (2) ampS, BLNAR
K. pneumoniae (1) non-ESBL
E. coli (1) non-ESBL
. MSSA, MRSA (VAN-S),

5. aureus (6) LVISA,VISA.VRSA
5. pneumaniae (4) PSSP, PISP, PRSP i vito PAE | STdy Pfgg;M'OSG-
E. faecalis (2) VAN-S -
E. faecium (3) VAN-S, VAN-R
S. aureus (1) in vivo PAE,

Study
P0903-M-003,
2004; Andes and
Craig, 2006

Abbreviations: ampS = ampicillin susceptible; B-lac neg = B-lacatamse negative: B-lac pos = B-lacatamse positive:
BLNAR = p-lactamase-negatrve ampicillin-resistant; ESBL = extended-spectrum f-lactamase:
MSSA = methicillin-susceptible S. aureus, MRSA = methicillin-resistant S. avrens, hVISA = heterogeneous
vancomycin-intermediate S. aureus, PAE = postantibiotic effect; PSSP = penicillin-susceptible S. pneumoniae.
PISP = penicillin-intermediate S. pneumoniae: PRSP = penicillin-resistant S. preumoniae; VAN-S = vancomycin
susceptible. VAN-R = vancomycin resistant. VISA = vancomycin-intermediate 5. aurens: VRSA = vancomycin-
resistant S. aureus; VSE = vancomycin-susceptible enterococc1. VRE = vancomycin-resistant enterococci.

PAEs were determined following a 1 hour treatment with 10x MIC ceftaroline and 1000-fold dilution into fresh
media. Table 50 shows the PAE of ceftaroline against selected isolates.
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Table 50 PAE of ceftaroline against selected isolates

Isolates PAE (hours) at 10x
MIC

S aureus (including 0.8-1.8

MSSA, MRSA, VISA,

hVISA)

S pneumoniae 0.75-2.2

(including PSSP, PISP,

PRSP)

E. faecalis(Van-Sand | 0.6-1.1

Van-R)

E. faecium (Van-S) 0.55-0.7

M. catarrhalis 1.7

H. influenzae 0.6

E. cali -0.2

In vivo Post antibiotic effects

The Applicant examined the in vivo post antibiotic effect of ceftaroline in a neutropenic mouse thigh-infection
model. The isolates studied were S. pneumoniae ATCC 10813 (ceftaroline MIC 0.008 mcg/mL, penicillin
susceptible), S. aureus ATCC 29213 (ceftaroline MIC 0.25 mcg/mL, MSSA), and E. coli ATCC 25922
(ceftaroline MIC 0.12 mcg/mL). Two hours after infection, mice were treated with single subcutaneous doses of
ceftaroline fosamil (the prodrug form of ceftaroline) of 1.56, 6.25, 25, and 100 mg/kg. Treated and control mice
had their thighs removed and colony counts performed at times 0, 1, 2, 4, 6,9, 12, 18, and 24 h. Serum
concentrations of ceftaroline were determined in two groups of three mice at 0.25- to 1-h intervals over 6 h
(sample times included 0.25, 0.5, 1, 2, 4, and 6 h), using a microbiologic assay. From the time course, it was
possible to estimate when the serum concentration dropped below the MIC for the test organisms. The protein
binding was determined in order that free drug concentrations could be estimated. Following doses of 1.56,
6.25, 25, and 100 mg/kg, free-drug serum levels of ceftaroline were estimated to remain above the MIC for (1)
S pneumoniae: 4.3, 5.9, 8.0, and 8.2 h, respectively; (2) S aureus: 0.17, 0.84, 4.2, and 4.6 h, respectively and
(3) E. coli:2.3, 3.4, 4.8, and 5.4 h, respectively (P0903-M-003, 2004). The PAE was calculated by determining
the time required for the cell counts to increase by 1-log;o after the free ceftaroline concentration dropped below
the MIC, less the time required for the saline-treated control group to reach the same 1-logl0 increase in counts.
Depending on the dose administered, free-drug PAEs were found to range from:

« S pneumoniae: -1.9to 1.5 h

*S aureus: 0.8to 7.2 h

*E.coli:-0.31to4.2h

In vivo post antibiotic effect comment

Cephalosporins are time-dependent bactericidal antibiotics and generally act on the bacteria during the growth
phase. The duration of the PAE is species specific and dependent on the drug used. The PAE observed here
appear very minimal. Theoretically, an agent with a long PAE can be dosed less frequently than one having a
shorter PAE. Based on the data provide, ceftaroline would be expected to have activity ranging from 0.8 to 7.2
hours for S. aureus and lower for S. pneumoniae and E. coli.
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Synergy between comparator agents

Antimicrobial combination and synergy are important for treating pathogens in mixed infection, to enhance the
killing of specific pathogens, and to prevent or delay the emergence of drug-resistant populations. The
Applicant evaluated synergy of ceftaroline in combination with different antibiotics using the checkerboard
technique against a variety of bacterial isolates. The MIC and fractional inhibitory concentrations (FIC) and FIC
indices (FICI) was used to assess drug interaction for ceftaroline in combination with other antimicrobials. A
“synergistic interaction” is evidenced by inhibition of organism growth by combinations that are at
concentrations significantly below the MIC of either compound alone, resulting in a low FICI value (< 0.50).
The interpretation of “no interaction” results in growth inhibition at concentrations below the MICs of the
individual compounds, but the effect is not significantly different from the additive effects of the two
compounds, resulting in an FICI value of > 0.50 but < 4.0. (The interpretation “no interaction” has previously
been referred to as “additivity” or “indifference.”) An “antagonistic interaction” results when the concentrations
of the compounds in combination that are required to inhibit organism growth are greater than those for the
compounds individually, resulting in an FIC value of > 4.0. While there is no officially sanctioned set of FICI
criteria, < 0.50 was used to define synergism in this study. The MIC and FICI results for selected antibiotic
combinations are detailed in Table 51.

Table 51 Drug Interaction with Selected Gram-Positive and Gram-Negative Bacteria Using Fractional Inhibitory
Combination Analysis

. Test Compound
M .
Organism Ceftaroline MIC Test Compound | MIC Alone, FICI Interpretation
Alone, pg/mL
pg/mL
S. aurens 0753 .
.5 .5 9 Iy X:
(MSSA) 0 0.5 0.93 No Interaction
S. aureus 2063 < - s
(MSSA) 0.5 1 0.70 No Interaction
S. aureus 0765 . .
< 9 )
(MRSA) 1 0.5 0.96 No Interaction
S. aureus 2053 5 . < - e
(MRSA) 2 Daptomycin 0.5 0.72 No Interaction
E. faecalis 795 .
57 X
(VSE) 8 1 0.5 No Interaction
E. faecalis 796 N 5 e
(VSE) 2 2 0.63 No Interaction
S. pvogenes 717 0.008 0.06 0.75 No Interaction
S. pyvogenes 722 0.008 0.06 1.17 No Interaction
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Ceftaroline MIC

Test Compound

Organism Alone, ug/mL Test Compound MIC _jﬂom, FICT Inrerpretation
pg'mL
- 765 .
fw‘;"si‘f o7 2 0.25 1.05 No Interaction
5. aureus 2053 .
2 rac
(MESA) 2 0.5 1.10 No Interaction
S. pneumoniae - N 1 N
880 (PRSP) 0.1 0.03 1.42 No Interaction
S. prieumoniae . Tiseeveline 2 5 —
884 (PRSP) 0.1 gecy 0.03 1.26 No Interaction
K. pneumoniae - . N
1468 (ESBL) 32 0.2 1.36 No Interaction
& baumannii 2 0.06 1.42 No Interaction
2601
A, baumannii 5 0.06 1.42 No Interacti
2602 2 .| A2 o Interaction
S. aureus 2296 a - i
(CA-MRSA) 1 > 16 0.62 No Interaction
S. aureus 2202 )
(CA-MRSA) 1 4 0.44 Synergy
ﬁﬁPg”EE’;;gjﬂe 32 Meropenem 0.06 0.49 Synergy
}.; gerugimosa 32 4 0.60 No Interaction
2335
P, deruginosa 16 0.12 1.65 No Interaction
5. pneumoniae _—
866 (PSSP) 0.008 1 1.14 No Interaction
5. pneuwmoniae N
869 (PSSP) 0.008 1 1.04 No Interaction
gé‘g”éfg;?’;‘m 0.12 1.19 No Interaction
S. prieumoniae . . . —
854 (PRSP) 0.12 Levofloxacin 1 1.13 No Interaction
5. pyogenes 717 0.008 0.5 1.15 No Interaction
S. pyogenes 722 0.008 0.5 0.90 No Interaction
K. pneumoniae ~e - -
1461 0.25 1.75 No Interaction
K pneumoniae 0.12 0.06 1.14 No Interaction
1340
. . Test Compound
M
Organism Ceftaroline MIC! Test Compound MIC Alone, FICT Interpretation
Alone, uyg/mlL B
ng/mL
E. coli 2273 , . L
(ESBL) 2 T evafloxacin =4 1.86 No Interaction
E. coli 1587 0.12 0.06 1.05 No Interaction
‘;{‘ ﬁxﬂ“mm“ 0.06 0.015 1.76 No Interaction
H. influenzae < . s
2797 (BLNAR) 0.06 ) 0.015 1.43 No Interaction
o fi Levofloxacin
. influenzae 5 5 .
2798 (BLNAR) 0.03 0.015 1.52 No Interaction
i;;fggfﬁ:m 0.03 0.015 1.52 No Interaction
ﬁép{mumonme 0.5 1 0.79 No Interaction
K. pneumoniae 0.12 1 0.96 No interaction
1340 ) - B i
E. coli 2273 5
2 .5 E: gy
(ESBL) Amikacin 8 0-50 Synergy
E. coli 1587 0.12 4 0.96 No interaction
aagEmosa 32 ] 0.83 No Interaction
P. aeruginosa 16 4 0.42 S o
2550 .42 Synergy
K. pneumoniae 0.25 0.25 127 No interacti
1461 .25 .25 27 No interaction
K. pneumoniae 5 5 .
1340 0.12 Aztreonam 0.12 0.83 No Interaction
E. coli 2273 .
2 y rac
(ESBL) 2 16 0.64 No Interaction
E. coli 1587 0.12 0.25 0.60 No Interaction
?gg”&,’g’;‘;’;’“e 0.008 0.06 1.16 No Interaction
S. pneumoniae .
869 (PSSP) 0.008 ) . 0.06 1.16 No Interaction
5 — Azithromyein
S}f??;’gl;;;me 0.12 2 1.11 No Interaction
S. pneumoniae 5 a .
. = .99 rac
$77 (PRSP) 0.1 32 0 No Interaction
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Y . Test Compound
Organism (?‘;mroimy;’ﬂg(' Test Compound | MIC Alone, FIct Interpretation
Alone, ug/m ngmL
{I.; i:ﬂuen:ae 0.12 1 126 No Interaction
H. influenzae .
0.12 1 1.13 No Interaction
2797
97 (BLNAR) Azithromyein
{I.';g;fg;?ﬁi&“ 0.03 2 124 No Interaction
fﬁggﬂ;‘gﬁ;’m 0.03 0.25 L1 No Interaction

Abbreviations: BLNAR = B-lactamase-negative ampicillin-resistant: CA-MRSA = community-acquired
methicillin-resistant Stapiiyiococcus aureus: ESBL = extended-spectrum B-lactamase: FICI = fractional inhibitory
concentration indices; MIC = minimum inhibitory concentration: MRSA = methicillin-resistant Staphyiococcus
aureus; MSSA = methicillin-susceptible Stapiiviecoccus aureus; PRSP = penicillin-resistant Streprococciis
preumoniae: PSSP = penicillin-susceptible Streprococcus pneumoniae: VSE = vancomycin-susceptible
enterococci.

Source: Study P0903-M-020, 2007.

Further studies were conducted with the aminoglycoside tobramycin compared with vancomycin against four
strains of hospital-acquired methicillin-resistant S aureus (HA-MRSA) including isolates with reduced
susceptibility to vancomycin (Study P0903-M-043 Amendment 1, 2009). No synergy, or antagonism, was
found with combinations of both agents at /4 MIC and 2 MIC. Vancomycin or tobramycin alone at 2 MIC
were not bactericidal against any tested isolates. In contrast, ceftaroline at 2 MIC was bactericidal against the
hVISA (R1629) and the time to achieve 99.9% of the kill was 5.1 hours. A combination of antimicrobials at /2
MIC led to various outcomes depending on the isolate tested. Against the two vancomycin-susceptible MRSA,
ceftaroline plus tobramycin was synergistic and the time to achieve bactericidal activity was 6.1 and 4.8 hours
for R3804 and R4039, respectively. In contrast, vancomycin plus tobramycin was indifferent, and the difference

of activity compared with ceftaroline plus tobramycin was statistically significant, with p-values of 0.001 for
R3804 and 0.006 for R4039.

Summary:

Ceftaroline tested in combination with other antibacterial agents against individual representative bacterial
strains using the checkerboard method demonstrated synergy (with meropenem and amikacin) and no observed
interaction for all of the other organisms tested. Ceftaroline demonstrated synergy with meropenem against S
aureus strain 2296 (CA-MRSA) and K. pneumonia strain (1468 ESBL). Synergy was also observed with
amikacin against E. coli strain 2273 (ESBL) and P. aeruginosa strain 2559. It is important to note that no
evidence of antagonism was observed between ceftaroline and the tested antimicrobial drug combinations with
the strains tested.

BACTEICIDAL ACTIVITY
Minimum Bactericidal Concentration (MBC)

The bactericidal activities of ceftaroline were determined against Gram-negative and —positive bacteria. Studies
were conducted in several independent laboratories and for the purpose of this review; the Minimum
Bactericidal Concentration (MBC) was defined as the lowest concentration of antimicrobial agent that killed >
99.9 % of the starting inoculum. The term “bactericidal” was defined as an MBC/MIC ratio of < 4. A total of
172 Gram—negative and —positive isolates were tested by CLSI broth microdilution methods. The MBC for each
organism was assessed by plating the broth from the MIC well, and from those wells up to three log, dilutions
above the MIC, onto appropriate growth media and colony counts were compared to the starting inoculum.
Table 52 compares the MBC to MIC. Of the isolates tested, 95% had a MBC/MIC ratio of < 4.
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Table 52 Ceftaroline Minimum Bactericidal Concentration Compared to Minimum Inhibitory Concentration

Organism group Occurrences at MBC/MIC ratio of:
At z : ;
Staphylococeus aureus
MRSA (10) 6 3 0 1
MSSA (10) 9 1 0 0
hVISA (10) 7 2 0 1
CoNS
MR (10) 8 2 0 0
MS (10) 8 2 0 0
Streptococcus pneumoniane
PEN-S (21) 17 3 1 0
PEN-I(11) 7 2 1 1
PEN-R (50) 35 11 1 3
viridans group streptococci
PEN-S (5) 5 0 0 0
PEN-R (5) 3 2 0 0
Enterobacteriaceae 12 3 3 2
QC strains (10) 6 2 1 1
Total (172) 123 33 7 9
Cumulative % 72 91 95 100

a S pneumoniae penicillin breakpoints (ng/mL): < 0.06 (PEN-S), 0.12-1 (PEN-I) and = 2 (PEN-R). according to
CLSIM100-S17. 2007

Abbreviations: CoNS = coagulase-negative staphylococei: hVISA = heterogeneous vancomycin-intermediate S qureus:
MBC = minimum bactericidal concentration: MIC = minimum mhibitory concentration; MR-CoNS = methicillin-
resistant coagulase-negative staphylococcus: MRSA = methicillin-resistant S. aureus; MS-CoNS = methicillin-
susceptible coagul gative staphyls us; MSSA= methicillin-susceptible 5. aureuns; PEN-I = pemcillin
intermediate; PEN-R = penicillin resistant; PEN-S = penicillin susceptible. QC = quality control.

Source: Study P0903-M-001 Part IT. 2004; Study P0903-M-005, 2006

The result of the MICqg and the MBCy values for the isolates tested are summarized in Table 53.

Table 53 MICe and MBCo Values for Common Skin and Respiratory Pathogens
_‘ﬂ(‘gg ."IB(M

Organism Resistance Number of isolutes . ,
(geometric mean) | (geometric mean)
MSSA 10 0.25 0.25
Sm“ulr‘\'locorcus MRSA 0 2 2
aurels
hVISA 10 1 2
- MS-CoNS 10 0.12 0.12
CoNS
MR-CoNS 10 0.5 0.5
PSSP 11 0.015 0.015
Streptococeus
\pheumoniae PISP 1 0.6 012
PRSP 50 0.25 0.5
Escherichia coli WT 5 (0.13) (0.61)
Klebsiclla WI 5 (0.25) 0.25)
\pheumoniae

Abbreviations: CoNS = coagulase-negative staphylococci; hVISA = heterogeneous vancomycin-intermediate S aureus;
MBCy; = minimum bacterial concentration to kill (= 3-logyq decrease in viable counts) 90% of organisms;
MICyy = minimum inhibitory concentration to mnhibit growth of 90% of orgamsms; MR-CoNS = methicillin-
resistant coagulase-negative staphylococcus; MRSA = metlucillin resistant 5. aureus; MS-CoNS = methicillin-
susceptible coagulase-negative staphylococcus; MSSA= methscillin-susceptible S, aureus: PISP = penicillin-
intermediate S. prewmoniae; PRSP = penicillin-resistant 5. preumontae ; PSSP = penicillin-susceptible
S. pneumoniae; WT = wild type

Source:Study P0903-M-001 Part IT, 2004 Srudy P0903-M-005, 2006.

Isolates with MBC/MIC ratios of > 4 included two of 30 isolates of S. aureus, two of 20 Enterobacteriaceae
(The Applicant stated that isolates were one E. coli and one S. marcescens), three of 50 isolates of S.
pneumoniae (all were PRSP) and one of 11 penicillin intermediate S. pneumoniae.
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Time-kill Studies

Ceftaroline demonstrated bactericidal activity against pathogens included in the proposed indication. In time-
kill studies performed at multiples of MIC, ceftaroline was bactericidal versus S aureus; S. pneumoniae; E. coli
and H. influenzae. The bactericidal activity was not concentration dependent, and higher concentrations did not
affect the speed or degree of killing effect. Moreover, ceftaroline was shown to demonstrate time-dependent
killing, inline with what is expected for an antibiotic of the f-lactam class in which %T > MIC is the most
important PK/PD parameter. Maximal rates of killing were generally seen at greater than or equal to two-times
the MIC, with bactericidal effects (> 3-log; killing) occurring within 8 to 24 hours.

Additional studies were performed with isolates of S, aureus, S. pneumoniae, H. influenzae, E. coli and K.
pneumoniae in the presence of human serum to determine if serum proteins affected the killing kinetics of
ceftaroline. Tested isolates of S, pneumoniae and H. influenzae were not able to be grown in serum, possibly
owing to serum sensitivity as a result of phase variation. Vancomycin and ceftriaxone were used as
comparators. The presence of active serum enhanced the bactericidal activities of ceftaroline, vancomycin and
to a lesser extent ceftriaxone, against staphylococcal isolates. Against E. coli, the effects of serum on killing by
ceftaroline and ceftriaxone were not as pronounced. For Klebsiella pneumoniae ATCC 13182, which neither
ceftaroline nor ceftriaxone were bactericidal in the absence of serum; however, the presence of serum increased
the killing effect notably (Figure 8).

Figure 8: Time-kill Curves for MSSA ATCC 29213 in 50% Active Serum

S.aureus ATEC 25213, Ceftaroline, MIC= 0.26mgl, S.aureus ATCC 29212, Ceftaraline, MIC=0.125m gil, $50%
24.06.2009 active serum, 24.06.2009
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Abbreviations: ATCC = American Type Culture Collection: MIC = minimum mhibitory concentration;
MSSA = methicillin-susceptible 5. aureus.
Source: Study P903-M-062_ 2009.
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Staph. aureus ST225 08-00476, Ceftaroline, MIC= 1mgfl, Staph. aureus ST225 08-00476, Ceftaroline, MIC= 1mag/l,
15.07.2009 +50% active serum, 15.07.2009
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Abbreviations: MIC = minimum inhibitory concentration; WT = wild type
Source: Study P903-M-062, 2009
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Klebsiella pneumoniae ATCC 13182, Ce ftaroline, MIC= Klebsiella pneumoniae ATCC 13182, Ceftaroline, MIC=
Amgll, 17.08.2009 1m gl +50% active serum, 17.08.2009
1.00E410 | < 1.00E+10 ‘ —
1.00E-08 | P p—— 1.00E+08 ‘ — = e control
E 1.00EH08 % Cm 1MC g 1.00E+08 1’ = —a—1MIC
5 S — —
& 1.00ED4 ! = 4MC & 1005404 % 4 M
4. D0Es02 amc 1.D0EH2 - e 8 MIC
1.0DE-00 1.00E+00 4 A - 1
0246 810121416152022 24 D 2468 1012141818202224
time (h) time (h)
Klebsiella pneumoniae ATCC 13182, Ceftriaxone, MIC= Kiebsizlla pneumoniae ATCC 13182, Ceftriaxone, MIC=
0-25mgfl, 17.08.2009 0.5m g/l +50% active serum, 17.08.2008
1.00EA10 ‘ /_’.7—,—4 1.00E+10 | —
100408 ‘ Pamp—— 1.008+08 | — —c
E 1.00E+00 ; —a—1ME E 100208 1 = -
5 P — E N o 1M
& 100Es04 s = amo = 1 posioe _— AME
1.00E+02 2 M 1008402 —r— 5 ME
1008400 1008400 =0 e
D246 5 1012%41618202224 D2 48 8101214161820 2224
time (h) time (h}

Abbreviations: ATCC = American Type Culture Collection: MIC = nunimum inhibitory concentration
Source: Study P903-M-062, 2009

Summary and conclusion:

A common method for the estimation of the potential activity of an antibiotic is to compare the MICs of the
bacteria with the achievable antibiotic concentration. Factors such as inoculum size, test medium,
pharmacologic response, post antibiotic effect and pharmacokinetic properties of the antibiotic can affect the
achievable antibiotic concentrations. Moreover, highly protein bound antibiotics may have minimal bactericidal
activity despite good MICs or MBCs. Therefore, the measurement of bacterial activity in the presence of serum
against becomes a useful predictor of antibacterial effect in vitro. Generally, ceftaroline demonstrated low
protein binding and would theoretically be more efficacious than a drug with higher protein binding affinity.
Time-kill and post-antibiotic effect studies are used to predict in vivo efficacy. The time kill studies were used
to analyze the effects of fixed concentrations of ceftaroline on the killing of clinically relevant isolates over
time. Ceftaroline displayed time dependent killing where the rate of killing was not significantly affected by
concentration.

The data from the time-kill kinetic studies support a claim of bactericidal activity of ceftaroline against a variety

of Gram negative and Gram positive isolates. Ceftaroline was bactericidal at greater than or equal to two-times
the MIC values with bactericidal effects (> 3-log; killing) occurring within 8-24 hours.

SUSCEPTIBILITY TEST METHODS

CEFTAROLINE TESTING PROCEDURES:

The Applicant evaluated the activity of ceftaroline by a variety of CLSI antimicrobial susceptibility test
methods including broth microdilution, disk diffusion and agar dilution. Inoculum were prepared for MRSA by
microdilution broth or by dilution in agar supplemented by 2% NaCl with 24 hour incubation at 35°C. Isolates
with a MIC > are therefore considered resistant or probably possess a mecA gene. Sreptococcus pneumoniae
and other Streptococcus spp. were tested using the broth dilution method with cation-adjusted Mueller-Hinton
broth (CA-MHB) and lysed horse blood (LHB) (2% to 5% v/v). The inoculum was prepared by direct colony
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suspension, equivalent to a 0.5 McFarland Standard. The microtiter plates were incubated at 35°C £+ 2°C in
ambient air for 20 to 24 hours. Haemophilus species were tested for their susceptibility to ceftaroline in
Haemophilus Test Medium (HTM) broth.

The inoculum was prepared by direct colony suspension, equivalent to a 0.5 McFarland Standard. The plates
were incubated at 35°C £ 2°C in ambient air for 20 to 24 hours. Staphylococcus species were tested for their
susceptibility to ceftaroline in CAMHB. The inoculum was prepared by direct colony suspension, equivalent to
a 0.5 McFarland Standard. The plates were incubated at 35°C + 2°C in ambient air for 16 to 24 hours.
Enterobacteriaceae were tested for their susceptibility to ceftaroline in CA-MHB. The inoculum was prepared
by direct colony suspension, equivalent to a 0.5 McFarland Standard. The plates were incubated at 35°C £+ 2°C
in ambient air for 16 to 24 hours. Anaerobic isolates were tested for their susceptibility to ceftaroline in
accordance with CLSI document M11-A7 (CLSI M11-A7, 2007) using agar dilution.

Before carrying out disk diffusion determinations, the Applicant would perform a disk content study using six
organisms to determine optimal disk loading to achieve zones of inhibition that best correlate with the MIC
from broth microdilution. It was determined that the 10-pg disk would provide ideal test conditions for
susceptible and intermediate MIC breakpoints of 1 to 4 mcg/mL/mL, while the 30-pg disk could be used for
breakpoints over the 1 to 16 mcg/mL/mL interval. However, a disk content of 30-ug disk was selected to
account for all breakpoints over 1 mcg/mL. All disk diffusion testing methods were conducted in accordance
with CLSI guidelines (CLSI M2-A9, 2006) using 30-pg disks from various commercial vendors. Growth media
used were un-supplemented MHA for aerobic and facultative anaerobes, MHA+ 5% sheep blood for
Sreptococci or HTM agar for Haemophilus.

METHODS FOR DETECTING RESISTANT ORGANISMS:

Table 54 compares ceftaroline activity tracked in US and international surveillance isolates from 2004 to 2008
to detect if resistance patterns changed during this time. MICs from 1,478 strains, isolated from human
infections from 2002 to 2004 from an international surveillance program, were used as baseline. Recent clinical
isolates were obtained for comparison from patients (primarily in the US) from surveillance during 2007 to
2008. Sources of infection were bloodstream, skin and soft tissue, respiratory and patients hospitalized from
pneumonia. Resistance phenotypes were determined by reference broth microdilution tests followed by
confirmatory techniques that included CLSI M100-S18 criteria. PCR screens with mechanism-specific primer
sets were also performed on certain strains with unusual resistance patterns.
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Table 54 Ceftaroline Activity Tracked in USA and International Surveillance Isolates from 2004 to 2008 for Changes in
Resistance

Study P0963-M-001(Part I), 2004 Study P903-M-053, 2009
\Pathogen C‘eﬁarah_ne MIC, Ceftaroline MIC,
N Range ug/mL N Range ug/mL
MICs | MICy MICsy | MICs,
|Stapitylecoccus aureus
methicillin-susceptible 73 0.03-05 0.25 025 | 102 | 0.03-05 0.25 025
methicillin-resistant 102 012-2 1 2 105 05-2 05 1

[Coagulase-negative staphylococer

S. epidermidis methicillin-

- 50 | £0016-05| 006 025 100 | <0.008-1 0.06 012
susceptible

S. epidermidis methicillin-

N 80 | =0.016-2 0.25 05 100 0.12-1 03 03
resistant

|Streptococcus pneuntoniae

Penicillin-susceptible
(MIC < 0.06 ng/mL)

Penicillin-intermediate
(MIC 0.12 - 1 pg/mL)

33 |£0.016-0.06[<0.016]|<0.016| 102 |=0.008-0.06 =0.008 | 0.03

53 |<0016-012| 003 0.06 102 |£0008-012 003 0.06

Pemcillin-resistant

(MIC > 2 ug/mL) 50 0.06-05 0.12 025 | 100 | 0.03-05 0.12 023

Penicillin-resistant

(MIC > 8 g/mL) ND ND ND ND 40 0.06-05 025 03

Multidrug-resistant 23 0.12-035 0.12 025 | 127 [£0.008-05] 012 015
\Eseherichia coli (not ESBL) | 20 |<0.016-025| 0.06 0.12 102 0.015-8 012 025
\Klebsiella pneumoniae 21 003-4 0.06 5 102 | 0015 -1 0.06 05
|\Haemopihilus influenzae

ﬁ-laclﬂmaseuegaln’e 23 <0016 <0016|=0016| 110 [=0008-025 <0008 | 0015

P-lactamase positive 24 |£0016-025(=0.016|=0.016| 101 |=0.008-0.12) <0.008 | 0.03

BLNAR 30 |<0.016-003|<0016( 0.03 104 [£0.008-0.25| 0.06 012
Abbreviations: BLNAR = p-la gative ampicill sistant; ESBL = extended-spectrum f-1

MIC = minimum nhibitory concentration; MICsy = minimum inhibitory concentration required to inhibit 50% of
the organisms; MICgy = minimum inhibitory concentration required to inhibit 90% of the organisms: ND = not
determined

Sourcea: Study P0903-M-001 (Part I). 2004; P903-M-033. 2009

COMPARISON OF AGAR AND BROTH DILUTION METHODS:

The Applicant compared ceftaroline broth microdilution MICs to those of agar dilution, the distribution of

MICs and the cumulative percent inhibited was very similar when testing the same isolates. The results are in
Table 55.
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Table 55: MIC Broth Dilution versus Agar Dilution Cumulative Percent Inhibited

MIC Brath Agar Dilurion
Species MIC, pigiml . | Crnnlarive % . Crmmlative %
MIC Fraguency inhibited MIC Fraquency inibited
0.03 - - 1 1
0.06 8 76 7 7.7
All Staphylococeal 0.12 9 16.2 8 15.4
Strains Combimed 025 34 48.6 43 56.7
0.5 21 a97.1 45 100
1 3 100
0.12 o 10.6 7 82
) 0.25 31 47.1 33 47.1
5. aurens
0.5 42 96.5 45 100
1 3 100 - -
= 0.008 25 24.5 25 24.2
0.15 23 47.1 22 46.5
All Strept 1 03 7 53.9 14 60.6
Streptococeal e -
Strains Combined oo 15 8.6 ? 9.7
0.12 11 T70.4 14 838
0.25 19 98.0 15 99
0.5 2 100 1 100
= 0.008 12 16.2 14 18.9
0.15 8 27 7T 28.4
03 7 36.5 14 47.3
5. pnenmaniae 0.6 15 S6.8 @ 59.5
0.12 11 71.6 14 78.4
0.25 19 97.3 15 98.6
0.5 2 100 1 100
. influenzae = 0.008 61 s2.1 55 46.6
0.015 20 T0.9 36 77.1
0.03 10 T70.5 El £84.7
0.06 8 86.3 18 100
0.12 14 98.3 - -
MIC Broth Agar Dilution
Species MIC, pg/mi Cumulanive & Cumulative *
MIC Frequency | MIC Frequency N
equency tnhibited requeney trhibted
0.25 2 100
0.03 y L3 2 13
0.06 13 16.6 27 19.3
0.12 15 331 13 4.7
0.25 13 450 20 48.0
0.5 10 51.7 10 54.7
1 13 603 7 503
Enterabacteniaceas 2 3 62.3 9 G5.3
4 2 63.6 4 68.0
8 3 65.6 4 70.7
16 3 67.5 1 73.3
32 3 69.5 12 513
64 ] 73.5 13 0.0
=64 40 100 15 100

Ablreviations. MIC = naimmum mhilbitory concentration

Source Study PO03.M-075, 2009

Figure 9 shows the direct comparisons of individual MICs and the correlation between broth microdilution and
agar dilution against all staphylococci isolates tested (Study P903-M-075, 2009). For all isolates tested, the
agreement of individual MICs between the two methods was in excess of 98%.
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Figure 9. Ceftaroline Broth Microdilution MIC (mcg/mL) vs. Ceftaroline Agar Dilution MIC (mcg/mL): All Staphylococcal
Strains Combined (N = 104)

100 *alncluded

3] 716 -

Broth Microdilution MICs (ng/ml)
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Ceftaroline Agar Dilution MIC (pg/ml)

The antimicrobial breakpoint may be defined as the drug concentration that differentiates between dissimilar
populations of microorganisms, and isolates are subsequently classified as susceptible, intermediate or
resistance. It is also important to note that susceptibility breakpoints may differ by region.

Methods using zone diameters to classify bacteria as susceptible or resistant to antibiotics depend on clinically
meaningful MICs, a representative sample of bacteria, adequate and reproducible methods for determining
MICs and zone diameters and a method for the relation of zone diameters to MICs?. The classification scheme
for showing a correlation between MIC and zone diameters is referred to as the error-rate bounded method and
is presented by scattergrams. The following scattergrams were used by the Applicant to proposed MIC and disk
diffusion breakpoints. Scattergrams for staphylococcal, streptococcal, Haemophilus influenzae, all non-
fermentative, and Enterobacteriaceae isolates depicting the proposed MIC and disk diffusion breakpoints are
presented below for various bacteria. Figure 10 (a-d) shows the correlation between the proposed MIC
interpretive criteria and the proposed disk diffusion interpretive criteria, the provisional MIC and zone
interpretive criteria are shown for staphylococcal, streptococcal, Haemophilus influenzae, all non-fermentative,
and Enterobacteriaceae isolates.

Figure 10a: All Staphylococcal Strains Combined (n = 105)

Ceftaroline Broth Microdilution MICs (Jg/ml)
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Figure 10b: All Streptococcal Strains Combined (n = 102)
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Figure 10c: Haemophilus influenzae
Haemophilus influenzae (n=117)

Error Rates
1-| Range n VI M m

ESEN)

Ceftaroline Broth Microdilution MICs (Jg/ml)

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 21 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 20 740

Ceftaroline 30 pg Zone Diameter (mm)

Figure 10d: All Non-fermentative Strains Combined (n = 52)
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Figure 10c: Enterobacteriaceae (n = 151)
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Summary and conclusion:
The data presented above were analyzed by the error bounded method and indicate good correlation between
MIC and zone diameters for staphylococcal, streptococcal, and Haemophilus influenzae.

A false susceptible rate of 3.9% was observed against non-fermentative organisms, and the Applicant alluded
that this high rate was due primarily to the low number of organisms tested and the fact that pseudomonas
isolates (other than P. aeruginosa) were tested by the disk method. Please note that the CLSI recommend
testing at least 100 or more clinical isolates, and in this case, only 52 isolates were tested.

Proposing breakpoints for ceftaroline versus Enterobacteriaceae can be problematic due to the presence of
ESBLs and AmpC. This may lead to high error rates for cephalosporin and ceftaroline is no exception. For the
Enterobacteriaceae the false-susceptible rate (very major discrepancies) was kept to a minimum at 0%. All
intermediate areas (minor errors) with the exception of moderately susceptible amounted to a sum of 4.6%,
which is below the CLSI limit of <5%. However, the false-resistant, or major discrepancies, was at 12.5%; the
CLSI allowable limit is <10%. These were the percentage of isolates with MICs in the range of one two-fold
concentration above the intermediate MIC (I+1). The minor discrepancies, where one of the test results is
intermediate and the other is susceptible were also above the CLSI allowable limit. A value of 6.1% was
obtained for MICs that were more than two-fold concentrations above (>1+2) the intermediate MIC. The
Applicant stated that this high discrepancy was a result of ESBL producing isolates, which are recognized by
CLSI as being a problem for MIC testing.

Equivalency between Commercially Prepared Dried MIC plate Compared to CLSI broth microdilution
reference method

The Applicant performed equivalency test between TREK dried Sensititre 18- to 24-hour susceptibility to the

CLSI broth microdilution reference method (CLSI M7-A7, 2006) using 200 challenge and clinical isolates
(Table 56). Standard ATCC QC strains were used daily for testing.
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Table 56: 200 Clinical and Challenge Isolates Tested in TREK Dried Sensititre Plates

Organisms Number Tested
Streptococcus pneumoniae 36
Groups A and B f-hemolytic streptococci 22
Staphylococcus aureis 10
Staphylococcus epidermidis 4
Staphylococcus saprophyticus 1
Enterococcus faecalis 8
Haemophilus influenzae 23
Escherichia coli 23
Enterobacter aerogenes 11
Enterobacter agglomerans 1
Enterobacter cloacae 11

—
=]

Proteus mirabilis

Proteus vulgaris

Serratia marcescens

Klebsiella pneumoniae

Klebsiella oxytoca

Morganella morganii

Providencia reftgeri

I RN

Providencia stuartii
Source: Study P0903-M-048, 2007

Figure 11 shows the MIC distribution using both methods on the same isolates plotted for S aureus, and S
pneumoniae. Figure 12 shows E. coli and H. influenzae, For S. aureus, 8 out 10 isolates were in agreement. For
S pneumoniae, 51.4% (18/36) of the MICs were in absolute agreement and 48.6% (17/36) of the MICs were
one dilution lower for the dried panel relative to the CLSI reference panel. For E. coli, 56.5% (13/23) of the
MICs were in agreement and 43.4% (10/23) of the MICs were one dilution higher. For H. influenzae, 26%
(6/23) of the MICs were in absolute agreement, and 74% (17/23) were one dilution higher.

Figure 11: MIC Distribution for Ceftaroline vs. Gram Positive QC Isolates for Trek Dried Panels vs. Frozen Reference Panels
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Figure 12: MIC Distribution for Ceftaroline vs. Gram Positive QC Isolates for Trek Dried Panels vs. Frozen Reference Panels
Hinfluenzse

CLSI Reference Resulls
[<0.004] 0005 [0.015] 003 1005 [ 04210250 05 1 1 [ 2 [ 4 [ 6 | 16 [ 32 ] 64 [ 264 ]
T

Celarciine Resuls

H nfusrzae
Senskitm Test Resuts

g

E
—
SRR
A|5 R
| b

CL31 Ref

i
H
7
i
é

Senibire Test Results

B
LT PERRH

g

Reproducibility testing on 10 strains, including the CLSI, ATCC, and QC isolates, was performed in triplicate
on 3 separate days (Table 57). This testing generated 90 values that did not demonstrate greater than + 1 well
variation (< 10%).

Table 57: Reproducibility; TREK Sensititre Test Results for Ceftaroline in Triplicate on 3 Days

Organism Doyl Day? Doy 3 Mode
4 B C 4 B C 4 B C

5. qureis 025 025 0.25 015 025 025 025 025 015 025
E. coli 012 012 012 012 012 0.12 012 0.12 012 012
\H. inflenzae 0.06 012 0.06 0.06 0.06 0.06 012 0.12 012 0.06
5. prieumoniae 0.03 0.03 0.03 003 | 0015 | 0015 | 0015 | 003 0.03 0.03
5. qureis 012 025 0.12 025 025 025 025 0.25 025 025
5. epidermidis 025 025 0.25 025 025 025 05 0.5 035 03

IE. coli 025 025 0.25 05 035 05 025 0.5 025 025
\H. inflenzae 0.008 | 0008 | 0.008 | 0008 | 0.008 | 0.008 | 0008 | 0.008 | 0.008 | 0.008
S. preunoniae 05 05 05 0.5 05 05 0.5 05 05 05

Group B streptococet 005 | 0015 | 0015 | 0015 | 0015 | 003 | 0015 | 0015 | 0015 | 0015

Source: Smdy PO903-M-048, 2007.
Quality Control Parameters

The Applicant developed QC limits for aerobic microdilution and disk diffusion susceptibility tests of
ceftaroline. Studies conducted at the ®@ (Study P0903-M-007/008, 2006).
The aerobic QC limits were reviewed and approved by the CLSI in June 2006. The study was conducted across
8 laboratories in accordance with CLSI document M23-A2 (CLSI M23-A2, 2001). A collaborative study was
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undertaken to define QC parameters for broth microdilution and disk diffusion susceptibility tests. Cefotaxime
was used as the control drug for the MIC portion of the study.

Broth microdilution trays were prepared to contain log, dilutions of ceftaroline diluted in each of three (3)
different lots of CAMHB, CAMHB + 3% LHB, or HTM. Serial dilutions of cefotaxime were prepared in one
lot of the same media. The following lots of dehydrated MHB base were selected and prepared at a common
source as CAMHB, CAMHB + LHB, or HTM. All laboratories studied all three manufacturer lots: @

The primary control drug, cefotaxime, and two additional
control drugs were used for testing Haemophilus only: Quinupristin/dalfopristin and cefuroxime.

Disk diffusion plates containing plain MHA, MHA + 5% sheep blood or HTM were purchased as prepared

media from three different plate manufacturers and distributed to each laboratory for use. All lots of media were

tested in all laboratories for each phase of testing. Two lots of 30-ug ceftaroline disks O@ T 0t#441796 and
@@ 1 0t#191110), and one lot of 30-pg cefotaxime disks| ©® Lot#5239329) were tested at each site.

On each of ten separate days, each of the control strains was inoculated into microbroth dilution MIC trays,
providing 3 ceftaroline MICs, and 1 control drug MIC. Three lots of agar disk diffusion media were also tested
at each site. Control limits for ceftaroline disk tests were estimated. MIC limits were selected to include the
mode =1 doubling concentration. Samples from broth microdilution trays were tested for colony counts by all
participants throughout the study and are listed in Table 58.

Table 58 Broth Microdilution Colony Counts

Control Strain/ (No. of Determinations) CFU/mL (Min - Max) Median CFU/nL
Escherichia coli ATCC 25922 (23) 2.0 x10*- 7.9 x 10° 3.7 % 10°
Staphvlococcus aureus ATCC 29213 (35) 5.8 x10*-2.0 % 10° 4.6 % 10°
\(Sqn;s]promccusp}iemnomae ATCC 49619 L0 %10 - 1.0 % 10° 30 %10°
Faemophilus influenzae ATCC 49247 (24) 3.0 x10*- 1.0 = 10° 6.5 % 10°
Faemophilus influenzae ATCC 49766 (22) 24 x10*- 1.4 x10° 7.0 x 10°

Abbreviations: ATCC = American Type Culture Cellection; Min = mmimum; Max = maximum.
Source: Study P0903-M-007/008, 2006

Table 59 shows the QC limits for susceptibility test for ceftaroline MIC (in CAMHB, CAMHB-+LHB, or HTM
and 30-pg disks on either plain MHA or MHA+ 5% sheep blood, or HTM agar).

Table 59 Quality Control Limits (% Included)

MIC OC Ranges, ng/mL,

Zone Diameter QC

Control Strain (% in Range)® (Jf/nn::‘g;;(,r ::;:ja
Escherichia coli ATCC 25922 0.03 - 0.12 (100%) 26 - 34 (96.6%)
Staphylococeus aurens ATCC 29213 0.12 - 0.5 (100%) NA
Staphylococcus aureus ATCC 25923 NA iz:z;fii;;?ﬂg
Streprococcus pneumoniae ATCC 49619 0.008 - 0.03 (100%) 31-41(97.7%)
Haemophilus influenzae ATCC 49247 0.03-0.12 (100%) 29-39(95.1%)

< 0.008 (94.6%) or No Range

Recommended ND

Haemophilus influenzae ATCC 49766

a (%) denotes the % MICs or Zones within the proposed quality control ranges.

Abbreviations: ATCC = American Type Culture Collection; MIC = minimum inhibitory concentration;
Min = minimum; Max = maximum; NA = not applicable; ND = not done; QC = quality control.

Source: Study PO903-M-007/008, 2006
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Quality Control Parameters for Anaerobic Microdilution and Agar Dilution Susceptibility Tests

The Applicant presented broth microdilution and agar dilution QC parameters for anaerobic susceptibility tests.
Cefoxitin and meropenem were used as controls. Studies were conducted across 8 laboratories using CLSI
guidelines. Colony counts from broth microdilution trays were tested for colony counts by all participants
throughout the study and are listed in Table 60.

Table 60 Anaerobic Broth Microdilution Colony Counts

‘ontrol Strain/ (No. i, . . ot
Control Strain’ (No. of CFUML (Min - Max) Median CFU/mL
|Determinations)

‘oides fragilis ATCC 25285 2
:E’.:r)c’fc‘wr(klsﬁ agilis ATCC 25285 11510 - 5.0 x 10° 1.4 % 10°
|Bacteroides thetaiotaomicron - 2 9 g
2 %107 - 9. .

4TCC 2074 1 (49) 12 107- 0.4 210 Lo
[Eubacterium lentum ATCC 43055 6.1 % 10" - 4.0 x 10° 3.2 107
(49)

r(;fgjn‘nfmm difficile ATCC 700057 30 %10%- 1.0 % 108 7.6 % 10°

Abbreviations: ATCC = American Type Culture Collection; CFU = colony-forming units; Max = maximum;
Min = minimum
Source: Study P0903-M-040, 2008

QC limits for anaerobic susceptibility tests of ceftaroline MICs in supplemented Brucella broth microdilution
and agar dilution are listed in Table 61. The Applicant noted that significant lot-to-lot variability in MIC
determinations in MHB media was not observed with any of the broth media or agar media. The mode for each
lot was essentially the same.

Table 61 Tentative Anaerobic Quality Control Limits (% Included)

Quality Control Strain Broth _l[i'rro(lr'hf!t"an MIC . Agar foIzrfion‘MI(‘ Rmrag:',
N Range, ng/mL, (% in Range) ung/mL, (% in Range)
Bacteroides fragilis ATCC 25285 2-16(96.9 %) 4-32(96.0%)
Bacteroides thetaiotaomicron ATCC 29741 8 - 64 (97.6%) 16 - 128 (100%)
Eubacrerium lenfum ATCC 43055 NR 8- 32 (100%)
Clostridium difficile ATCC 700057 0.5 -4(99.1%) 2-16(99.8%)

a (%) denotes the % of MICs included within the proposed quality control ranges
Abbreviations: ATCC = American Type Culture Collection: NR = no range
Source: Study P0903-M-040, 2008

HUMAN AND ANIMAL STUDIES

Human Pharmacokinetics:

Single and multiple dose phase 1 studies demonstrated that ceftaroline fosamil (prodrug) is rapidly converted in
plasma to active ceftaroline following IV infusion. Maximum plasma concentration (Cp,,x) and area under the
plasma concentration-time curve (AUC) values for ceftaroline increased approximately in proportion to
increases in dose within the dose range of 50 to 1000 mg, and no accumulation of ceftaroline fosamil or active
ceftaroline was observed with either q12h or every 24 hours (q24h) multiple-dose regimens. A summary of the
pharmacokinetic parameters in single and multiple dose studies in healthy subjects is presented in Table 62.
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Table 62: Summary (Mean + SD) of Ceftaroline Pharmacokinetic Parameters in Single- and Multiple-Dose Studies in Healthy Subjects

| Me. af Snbjecis -
Cefiaroline AUCs. or
Sy N N Route of y {MF) ) . ) CLF., _ Report
Report No. Ohjective Srady Design _Adminiseration _F‘g;aj;d Mean Age Cowmginl | Tt h F.J-g_nf;.i T,k mL A CLg, mLM Locarion
(Range) :
e 1508.7= 092 56180+
SUmg 2511 | ogo-1.08 1502.0
- 30788 = 0.02 5772.0=
100 mz 9636 | 0.82-1.10) 1777
. 10046.7 = 002 4645.0%
e T3 |per129) 16647
166303 = 1.08 5611.0=
To determine the 500 mg -‘?“539_ 2 A \ =61 ]_' )
- R 21073 {0.92-1 .08) 8628
safery and PE 72 healthy male - -
profile of P 1.0 30
£o03-01 ceftarolive when TV infusion over T30 mg subjects 10.879-1.08) 262029 6#&.;;‘; 5331
i - administered IV to 1 hour et T
Tezlthy adulr o 304045 = 092 2088882 = . TE420=
subjects for up o | <o2ell=d 1000 me 43180 |@er1oy | sesle [FI0=0M 12780
14 days -
300 mg < 0.07 P
= 85485 = 0.02 243154 = . | 110860 =
ql7h, 13 i N il BT 8 5 -
days 18532 22-1.08) 36602 18151
600 mz s133 0.02 - . f——
= 213198 = .92 S6468= |, 95040 = T1353.0=
qiam, 14 11045 | perros | 2o01s  [FOOEDA0| Tyagsg 43660
days et T
E00 mz 315083 = 108 P - Q3600 = 06T =
q24h 7 days 80214 | 092-108) 2622024 “opgs 12116
) No. af Subjects -
Ceftaroline AUCy. or
Ssaedy A ) y Rente of y (MF) o, CLF,", p Report
Report No. Objeciive Seudy Design | oo ation _F;::::.":I Mean Age Comgml [ T4 K ;-]{ EJ]C-‘;::Y_ T,k mLA | CLemL® | g ion
(Range) i
Assess the effects | Randomized
of a singla (stratified by 54 healthy
sup;t?'-;mpe do;;]:dir_’;- | subjects (33
IV dose of able-blind, P - i -
! \ & l PE population) 0.98 04530 50733 =
PO03-05  |cefiarolie fosamyil |  placebg- | L° CLUSLOROVEr | gpn g Pep ! N 048386 | 5 5943 | 5928 NA 5341
—erens plac . 1 haour 008.15
wersus placebo on | conmolled,
the QTc mterval in 3-period
Lealthy adul: CTDSS0VED
subjacts stdy
To determine the
ratas and routes of
eliminaton of
radipact after
TV administration
Df[“C: ceftaroline | Open-label, P LEEL
POO03-13 focamil and to | sinsle-dosa | L0 USSR OVEN | oo 260+ 0.46 53556 5331
) il 1 hour 1980
characterize and smdy
tdennfy the
metzbolites of
cefrarolive fosamil
m plasimna and
excren
To assess the effect 12 ]:*3'-1]‘3"
of ceftaroline on COpen-label, . . 600 mgz sumects — -
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.| No. af Subjecis -
Cefraroline AUCo. or
Sty i P Roure of - (MF) y . . CLF., p Report
Repor No. Objeciive Sendy Design ddminiseration _F;;a::;r! Mean Age Cowmgml | ToM 0 F_J-;Enf‘:l,i T,k LA CLy, mLR Locarion
(Range) B
- 20 healthy 806715+ 10 1912038 | - T3lEx | 41345=
I00mE | pgects 08481 |qeg1zy| 247406 |2HEEDIE| g 7312
(16 received
cafaroline
To deternuine the fosamil) e B 103 P - g <
safery, olersbiliy, | W0me | mpra  |WOEHES| DO DTSERAL N, oL pap | SR | 42885
e | Two-parr, 111141 | (oeg-1.08) | 409778 1144.9 8382
_?:lf]?‘f}pp.DR.E D-r.l randomized, 9.5 years
(el FanAland] e blind, | TV infusion over (18-41) .
Pa03-20 multple (Part B) lacebo- 1 hour 3331
doses of TV 'El-:n:'\]]e g ’ 10 healiy
caftarolive fosamil | s_“:iv subjects
in healthy adult e (3 receivad
subjects §00mg qfh, | cefmroline | 200360 107 BALS= |, 0 pec| 65483 | 438762
10 days fosamil) 54240 [qror-lam | eoszs [TUTTUUT[ 133 900
SMSF
3008 vears
(1844)

2 For multiple-dose echorts, PK parameters following the last dose are reported.

b Median (minmum-maximum).

Reported as CL m study vepaorts for studies PRO3-05, PRO3-13, P902-14, PS03-17, and PS02-20.

AUCH= = area under the plasma concentration versus time curve from time 0 fo mnfinity; AUC)., = area under the plazma concentration versus time curve durmg the dosing
mterval, T; CL = total clearance of diug from plasma; CLg = renal clearance of the dug from plasma; Cr = maximum plasma drug concentration; Fa = faction
metabolized; IM = intramusecular; IV = intravenous; PE = pharmacokmetic; g8k = every § howrs; ql2h = every12 hours; q24h = every 24 hours; QTe = QT interval
comrected for heart rate; Ty, = terminal elimination half-life; Ty, = fime of maxinum plasma dmg coneentration.

The Applicant conducted a number of ceftaroline-related pharmacologic studies. They determined that the time
of maximum plasma concentrations for ceftaroline generally occurred near the end of the infusion, and the
terminal elimination half-life (T'2) of ceftaroline was typically in the range of 2 to 3 hours over the dose range
studied (mean of 2.54 + 0.29 hours in healthy adult subjects with normal renal function across studies). It was
also determined that a significant percentage of the ceftaroline fosamil dose was excreted in the urine as
ceftaroline (approximately 40% - 70%). Additionally, ceftaroline renal clearance was generally independent of
dose and approximately equal to or less than glomerular filtration rate.

The plasma protein binding of ceftaroline in vitro was generally low (average of 20% bound) and concentration-
independent in human plasma over the clinically relevant concentration range.

Following IV infusion of [**C] ceftaroline fosamil, a mean of 87.5% + 3.9% of the dose of radioactivity was
excreted in urine and 5.95% + 2.93% was excreted in feces through the last collection interval, confirming that
urinary excretion is the principal route of elimination for ceftaroline and its metabolites. Most of the
administered radioactivity was recovered in the first 48 hours (approximately 90%). The overall mean recovery
of radioactivity in urine and feces was 93.4% =+ 3.1%.

The Applicant presented data indicating that the PK parameters of ceftaroline were modestly altered in subjects
with mild (50 mL/min < CrCI < 80 mL/min) or moderate (30 mL/min < CrCl < 50 mL/min) renal impairment.
The mean T2 of ceftaroline was increased by 27% and 58% in subjects with mild and moderate renal
impairment, respectively, from an average of 2.87 + 0.43 hours in subjects with normal renal function (CrCI >
80 mL/min). Systemic exposure (AUC) to ceftaroline increased by 19% and 52% in subjects with mild and
moderate renal impairment, respectively, compared to subjects with normal renal function; however, Cmax
values in subjects with mild and moderate renal impairment and subjects with normal renal function were
similar.
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Subjects with severe renal impairment (CrCl < 30 mL/min) also had a longer T'2 and greater systemic exposure
for ceftaroline compared to subjects with normal renal function. Following a single IV infusion of 400 mg
ceftaroline fosamil over 1 hour to both groups, mean values for ceftaroline AUC were about 115% greater and
Cmax was about 21% greater in subjects with severe renal impairment compared to subjects with normal renal
function. The mean T'% of ceftaroline in subjects with severe renal impairment was 5.05 + 1.22 hours compared
to 3.02 £+ 0.43 hours in subjects with normal renal function. Table 63 depicts the pharmacokinetic parameters of
ceftaroline in subjects with renal impairment.

Table 63 Summary (Mean + SD) of Ceftaroline Pharmacokinetic Parameters in Special Populations

No. af Subjecrs
[Seudy - ) Route of Ceftaroline MF) AUCs. CLiF., Report
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{Range)
Mommal renal
fimerion:
500 mginfused| 5 subjects H020= |, oo, 00| BEMES | 39036
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impzirment. parallel-group | infusion over Wild renal
Gacondany smdy 30 mimazes impairment:
Ei'?.]'.ube L1.e FE 600 mz infused § subjects 281683 = 08z QIIT00= |, 67074 61200= | 18720+
ofsingle [V dosas over 1L at 54160 (o125 | 52894 [TTOTT 16883 38
af;!ﬁam]liue 69.8 years
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over 1k AMAF 48570 (092-127) 14004 4 e G611 375.7
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Mormal renal
fimetion:
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e P oo 31003.1= 0z T4022= | L, . TE35.4= | 48586+
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Human Gastrointestinal effects:

Ceftaroline was evaluated in an open-label, multiple-dose study of ceftaroline fosamil in 12 healthy subjects (6
males and 6 females) 18 to 45 years of age. Subjects received 600 mg ceftaroline fosamil by IV infusion over 1
hour q12h on study Days 1 through 6, and once on Day 7. In order to assess the effects of ceftaroline on the
intestinal microflora, fecal samples were obtained for bacterial culture and ceftaroline susceptibility tests on
Days -1, 2, 5, 7, and 9 and at the follow-up and end-of-study visits on Days 14 and 21, respectively. Plasma
samples for PK analysis were collected before the first ceftaroline infusion on Day 1, before and at the end of
the first infusions on Days 2 and 5, over 48 hours after the start of the infusion on Day 7, and at the follow-up
and end-of-study visits.

The Applicant stated that no measurable fecal concentrations of ceftaroline were found, using a bioassay, at
baseline (Day —1) or at any subsequent time point. No new colonizing aerobic or anaerobic bacteria with 4-fold
or more increased MIC to ceftaroline were found. Ceftaroline effects on aerobic intestinal microflora included
no effect on the numbers of enterococci or Candida albicans, no significant change in the median value for
Enterobacteriaceae from baseline (Day —1) to Day 14, and a nonsignificant decrease in the median Escherichia
coli counts from baseline (Day —1) to Day 7 followed by recovery on Day 14.

The effects on anaerobic intestinal microflora are shown in Figure 13. The data show that ceftaroline had an
effect at decreasing in the numbers of bifidobacteria (bifidobacteria—a genera of bacteria Gram positive non-
motile anaerobic bacteria that make up the gut microflora) and lactobacilli during the first 7 days, an increase in
the numbers of Clostridia during the same period; a small increase on the numbers of Bacteroides were also
noted at Day 2-9.
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Figure 13. Effects of Ceftaroline on Anaerobic Intestinal Microflora
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Animal Disease Models

The Applicant has submitted data from a variety of animal models, including the mouse neutropenic thigh
(MNT) model, murine subcutaneous infection (MSI) model, endocarditis infection model, pneumonia infection
model, bacteremia infection model, and meningitis infection model. Efficacy has been demonstrated in mouse
lung, thigh, and peritonitis infection models against Gram-positive and —negative organism. Efficacy has also
been demonstrated in endocarditis modes in rat against MSSA and MRSA, and E. faecalis; in a rabbit
pneumoniae model against S, pneumoniae including PRSP and in a rabbit model of MRSA osteomyelitis.
Ceftaroline was also studied in a rabbit model of meningitis against E. coli and K. pneumoniae and the in vivo
activity of ceftaroline was better than or similar to cefepime. Table 64 lists a summary of efficacy studies
performed with ceftaroline in animal models of infection.
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Table 64 Summary Listing of Ceftaroline Efficacy Studies in Animal Models of Infection

Model Organism ;jj:;:;;: ‘::;Zi Z':;L Comparators Study #
Mouse (health; ]
o ettty VAN, TEC, Study
. S. aureus MRSA EDsy - TAK-599/00058,
neutropenic) ABK 2003
peritonitis B
. Study
Mouse VAN, TEC,
o S. aur h 5 {-599/00059,
peritonitis S. aurets MRSA EDsy ABK.LNZ TAK. 3%33000 9,
S. aureus . Study
Mouse S. pneumoniae MSSA EDs, VAN, CRO. | 14 1¢_200/00060,
peritonitis CAZ, IMP/CS
S. pyogenes 2003
Mouse Study
(neutropenic) S. aureus VISA. MRSA EDsy VAN TAK-599/00061,
peritonitis 2003
E. coli
E. cloacae ¥ Study
)i?;:;fﬁtis . marcescens EDso C"];'fl';éz‘ TAK-599/00062,
P P. aeruginosa o 2003
H. influenzae
Mouse Study
neutropenic S. aureus B /g lung JAN, L} {-599/ R
penic) S MRSA CFU/g lung VAN, LNZ | TAK-599/00063
preumonia 2003
Model Organism ;j:::::;; J‘?Zi ?:;L Comparators Study #
Mouse Study
(neutropenic) S. pneumoniae PSSP CFU/g lung CRO P0903-M-033,
penumonia 2008
Mouse thigh : ;n:;‘:n‘;’:fm MSSA
b PSSP, PISP. PRSP FU. i
f]h;:‘nl-:ziicj E. coli SS “?T SP| CFU/g thigh None Study
’ K. pneumoniae P0903-M-003,
Mouse 2004
(neutropenic) K. pneumoniae CFU/g lung None
prneumonia
. Study
Mouse thigh 5. aureus MRSA CFU/g VAN.LNZ | TAK-599/00064,
infection 5003
CFU/g spleen, Study
Rat endocarditis S. aureus MSSA lung (and bio- | DAP. VAN P0903-M-021,
luminescence) 2008
Rabbit Study
endocarditis S, aureus MRSA. GISA CFU/g VAN, LNZ P0903-M-006,
(stmulated - ’ T vegetation R 2006; Jacqueline
human dosing) et al, 2007
Rabbit
s . Study
endocarditis S. aureus MRSA CFU/g TEC P0903-M-016,
(IM vegetation Pt
. . 2007
administration)
Rabbit Study
endocarditis - R CFU/g - . P0903-M-023,
(simulated E. faecalis VAN-8, VAN-R vegetation VAN, LNZ 2009: Jacqueline
human dosing) et al, 2009
Rabbit
endocarditis ., . CFU/g Jacqueline et al.
(simulated S. aureus MRSA vegetation DAP, TGC ICAAC, 2009
human dosing)
UR;EE; elitis CFU/g bone, Study
. Y S. aureus MRSA, GISA | marrow, joint | VAN, LNZ P0903-M-025,
(simulated .
. fluid 2008
human dosing)
Rabbit CFU/g bone,
osteomvelitis marrow, joint Study
o™ o S. aureus MRSA fluid: & Nene P0903-M-034,
N . resistance 2008
administration) i
development
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. Resistance Efficacy u
Model Organism Phenotypes Measure Comparators Study #
Rabbit PSSP, Study
previmonta S. preumoniae PISP, CFU/g lung CRO P0003-M-019,
(simulated =
. PRSP 2008
human dosing)
) Study
Rabbit E. coli CFU/mL CSF FEP P903-M-085,
menmgms K pneumoniae 2000

Abbreviations: ABK = arbekacin; CAZ = ceftazidime; CFU = colony-forming unit;, CRO = ceftriaxone:
CSF = cerebrospinal fluid; DAP = daptomycin; EDsy = dose demonstrating efficacy in 30% of animals:
FEP = cefepime; GISA = glycopeptide-intermediate S, aureus: IM = intramuscular;
IMP/CS = Imipenem/cilastatin; LNZ = linezolid; MRSA = methicillin-resistant Staphylococcus aureus.
PISP = penicillin-intermediate Strepfococcus preumoniae; PRSP = penicillin-resistant Streptococcus prewmoniae;
PSSP = penicillin-susceptible Streptococcus pneumoniae; TEC = teicoplanin: TGC = tigecycline;
VAN = vancomycin; VAN-R = vancomycin-resistant: VAN-S = vancomycin- susceptible; VISA = vancomycin-
intermediate-susceptible S. aurens; WT = wild type

Pharmacokinetics and Pharmacodynamics

Pharmacokinetic and measurements that quantify antimicrobial susceptibilities have been incorporated using
PK/PD models to estimate clinical and microbiological outcomes in the treatment of bacterial infections. In
vitro antimicrobial activity can be described as a function of drug concentration at the site of infection and the
duration of time the pathogen is exposed to the drug. This phenomenon applies to in vitro and in vivo
antimicrobial effects. For cephalosporins and other -lactam antibiotics, the percentage of time during the
dosing interval that the plasma free-drug concentration exceeds the MIC for the target organism (represented as
%T > MIC) has been established as the PK/PD index that correlates with the therapeutic efficacy. To confirm
that this relationship is applicable for ceftaroline, the Applicant conducted a neutropenic mouse thigh infection
study using multiple isolates of S. pneumoniae, S aureus, and Enterobacteriaceae. The objectives for this study
were to characterize the in vivo time course of antimicrobial activity of ceftaroline and to determine the PK/PD
parameters and magnitudes predictive of efficacy to provide a guideline for dosing regimen design in human
studies.

Figure 14 shows the relationships between microbiological effect and each of the pharmacodynamic indices
(%T > MIC, 24h AUC/MIC and peak/MIC) against S. pneumoniae ATCC 10813, S aureus ATCC 33591, and
K. pneumoniae ATCC 43816. The strongest relationship was observed when the microbiological effect was
correlated with the %T > MIC, with R2 values of 82%-90%. In addition, bound drug %T > MIC values were
only slightly larger than corresponding free drug %T > MIC values.
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Figure 14. The Relationship of Microbiological Effect with Ceftaroline %T > MIC, Peak/MIC, and 24 Hours AUC/MIC
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Abbreviations: AUC = area under the concentration time curve; CFU = colony-forming units; MIC = minimum
inhibitory concentration; % T = percentage of time during dosing interval that plasma free-drug concentration
exceeds MIC for target organism.

Note: Each symbol represents the mean data from two mice (four thighs). The dashed horizontal line represents no
net change in the burden of organisms present at the start of therapy (bacteriostatic effect). Data below and
above the line represent growth and killing, respectively. R2 1s the coefficient of determination. Figure D
represents %T = MIC against the three organisms using free-drug concentrations

Source: Andes & Craig, 2006

Table 65 shows the doses calculated to achieve a bacteriostatic effect, as well as 1- and 2-log; reductions
against multiple organisms. The mean free-drug %T > MIC corresponding with these bacteriostatic doses varied
from 26% to 39% for the gram-positive species and was 60% for the gram-negatives. Penicillin and methicillin
resistance did not alter the magnitude of the %T > MIC necessary for efficacy.

Table 65 Ceftaroline in Vivo Activity in Murine Thigh and Lung Infection Models against Multiple Organisms

. - 2T = MIC af the Dose Interval (24 It)
Organisms (Number)
Static Dose 1-Log Kill 2-Log Kill
Staphylococcus aureus (4) 268 33x9 4513
Streptococcus pneumoniae (6) 399 43£9 S0=10
Gram-negative bacilli (5)* 60 =23 72+ 18 88 =12

Abbreviation: MIC = minimum inhibitory concentration; %T = percentage of time during dosing interval that plasma
free-dmg concentration exceeds MIC for target organism.

1 includes one Kiebsiella pneumonia 1solate from pneumonia model.

Source: Study PO203-M-003, 2004
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The Applicant examined the impact of infection site and host immunity on the magnitude of the PK/PD
parameter associated with efficacy. In the animal thigh model infected with S. pneumoniae ATCC 10813,
ceftaroline therapy was examined in both neutropenic and non-neutropenic mice. Although the dose-response
relationship for the non-neutropenic group was shifted, suggesting less drug was needed for efficacy, the
differences in the amount of drug necessary to produce a bacteriostatic effect, 1- and 2-log reduction in
organisms, were not statistically significant. In a second study, K. pneumoniae ATCC 43816 was used in both
the thigh and pneumonia model to determine if a similar ceftaroline %T > MIC would be necessary to achieve
various therapeutic end points. The dose-response curves are similar for both infection models. However, the
%T > MIC associated with a net bacteriostatic effect and 1 log;o organism reductions was lower in the lung
infection model.

Summary and conclusion

Cephalosporin %T > MIC target to produce a net bacteriostatic effect for gram-positive bacteria occur in the
range of 30% to 40% provided that free-drug concentrations are considered, consistent with the results obtained
for ceftaroline. Data from the current multiple dosing regimen studies confirmed that (1) the %T > MIC i1s the
best PK/PD predictor of efficacy of ceftaroline. In addition, although the dose response curves were similar in
the thigh and lung infection model, the %T > MIC associated with a net bacteriostatic effect and 1 log;o
organism reductions was lower in the lung infection model. Therefore, the PK/PD parameter appears to be
dependent on the site of infection.

Proposed Susceptibility Interpretive Criteria:

In a previous submission, the Applicant has proposed MIC in vitro susceptibility interpretive criteria against the
target pathogens before they conducted the Phase 3 clinical trials. Ceftaroline MIC and disk diffusion
provisional breakpoints were proposed based upon the population distribution analysis and are given in Table

66. Interpretive breakpoints for ceftaroline were determined according to CLSI guidelines

Table 66. Pre-Phase III Proposed Broth Microdilution and Disk Diffusion Provisional Breakpoints

) MIC Breakpoints (ug/mi) Disk Diffusion Breakpoints (nm)
BacterialGroup — &
s [ 1 | R s I | R

Staphylococeus (b) (4)
species

Enterococcus

species

M. catarrhalis

Enterobacteriace

ac

Pseudomonas

species

S. prievmoniae

Streptococcus

other than S.

prsumoniae

H. mfluenzae

Abbreviations: MIC = nunimum mhibitory concentration

Source: Study P0903-M-012. 2006
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HUMAN CLINICAL TRIALS

Ceftaroline was evaluated in a global, multicenter, randomized, double-blinded, well-controlled Phase 3 clinical
trial in patients with complicated skin structure infections (¢cSSSI) and in a separate study in patients with
community acquired pneumonia (CABP) as defined in 21CFR 314.126. The c¢SSSI trial comprised of two
pivotal clinical studies: Study P903-06. 2009 (also known as CANVAS 1) and P903-07, 2009 (also known as
CANVAS 2); the CABP trial also comprised of two clinical studies: Study P903-08, 2009, (also known as
FOCUS 1), and Study P903-09, 2009 (also known as FOCUS 2).

Complicated skin structure infections (cSSSI) Studies:

For the cSSSI evaluation, there were 1378 adult patients with cSSSI enrolled in studies P903-06 and P903-07.
The dosage regimen for ceftaroline fosamil in both Phase 3 ¢SSSI studies was 600 mg was administered
intravenously (IV) over 60 minutes every 12 hours (q12h) for a treatment duration of 5 - 14 days. For both
studies the primary efficacy variable was clinical cure rate assessed at test of cure (TOC) visit, which was
scheduled to occur 8-15 days post-therapy. The comparator agents were 5 to 14 day combination regimen of
vancomycin 1 g IV q12h plus aztreonam 1 g IV q12h) for the treatment of cSSSI. As previously mentioned this
was a global. There were three study centers in Romania, seven in Russia, and four in the Ukraine. In South
America, there were six study centers in Argentina, four in Chile, and four in Peru. In the United States, there
were 12 study centers and one study center in Mexico. In Western and Central Europe, there were seven study
centers in Germany and seven in Poland.

Inclusion and Exclusion Criteria

Inclusion criteria included the following: Adults aged 18 years or older; skin and skin structure infection
(SSSI) that involved deeper soft tissue or required significant surgical intervention and that was a wound
infection, abscess, or cellulitis, or was cellulitis or abscess of a lower extremity in patients with diabetes
mellitus or peripheral vascular disease (PVD); three or more clinical signs (local, systemic, or both) of SSSI;
need for hospitalization or for treatment in an emergency room or urgent care setting; and that the subject’s
infection was expected to require at least 5 days of IV antimicrobial therapy.

Exclusion criteria included the following: More than 24 hours of treatment with an antimicrobial (other than
topical antimicrobials) for the treatment of current cSSSI within 96 hours before randomization, unless there
was documented treatment failure on prior antimicrobial; uncomplicated SSSI; requirement for concomitant
antimicrobial therapy (including systemic antifungal therapy); severely impaired renal function (CrCl < 30
mL/min) estimated by the Cockroft-Gault formula; or evidence of significant hepatic, hematologic, or
immunologic disease.

Microbiology and Laboratory Testing
Microbiological assessment of the cSSSI site required a specimen from all patients at baseline for Gram stain
and culture. The method used to obtain a specimen was dependent on the cSSSI disease entity:

e For cellulitis, specimens were obtained by leading-edge needle aspiration or punch biopsy and were
submitted for aerobic culture only.
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e For other cSSSIs, a deep-site specimen was obtained via biopsy or needle aspiration or from surgically
obtained tissue, fluid, or pus that was physically contiguous with the ulcer or wound. The sample was
submitted for both aerobic and anaerobic cultures, using recommended anaerobic transport techniques.

e Superficial swabs of infected area were NOT acceptable, because of the high probability that such
specimens could be contaminated with clinically insignificant and therefore misleading isolates.
However, deep swabs taken during significant surgical interventions were acceptable

If a focus of infection was present, microbiological assessments were repeated when medically appropriate and
at the end of therapy if the subject was considered to be a clinical failure or had prematurely discontinued from
study drug during therapy. Microbiological assessments were also performed at Test-of-Cure (TOC) if a focus
of infection was present.

All specimens were cultured, and Gram staining, organism identification, and initial antimicrobial susceptibility
testing were conducted at the local or regional laboratory, as appropriate. However, certain sites in Eastern
Europe and South America were instructed to submit specimens directly to a regional central laboratory.
Isolates from all local or regional laboratories were then sent on to the central laboratory 0

@@y for identification confirmation (genus and species)
and antimicrobial susceptibility testing.

Antimicrobial susceptibility testing was conducted using the Clinical and Laboratory Standards Institute (CLSI)
reference broth microdilution method using frozen Sensititre minimal inhibitory concentration (MIC) panels
manufactured by TREK Diagnostics (Cleveland, OH). All isolates were also tested simultaneously for their
susceptibility to ceftaroline and comparator agents (ceftriaxone and ceftazidime) using the Kirby Bauer disk
diffusion method in accordance with CLSI guidelines.

Blood for culture was also obtained at baseline and as medically indicated during the period of study drug
treatment (Study Days 1 to 14), extension of study drug treatment (Study Days 15 to 21), and at End-of-
Treatment (EOT) and TOC. Blood cultures were repeated on receipt of a positive result until sterilization was
confirmed in those patients with a positive result at baseline (ie, the baseline blood culture grew an organism
other than those judged to be transient or resident skin flora. Blood for cultures was obtained at long-term
follow-up only if medically indicated or if the subject was experiencing clinical relapse. When blood cultures
were required, one aerobic and one anaerobic bottle were obtained from two separate infection sites, for a total
of four bottles.

Clinical and Microbiological Outcome Categories and the definitions of the various clinical outcome categories
are provided in Table 67.
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Table 67 Clinical Outcome Categories Definitions

Outcome Definition

Clinical cure  |Total resolution of all signs and symptoms of the ¢SSSI, or improvement to such an extent

that further antimicrobial therapy was not necessary Note: for patients with an underlying

skin ulcer or wound, healing of the ulcer or wound is not required for an outcome of cure.

Clinical failure |o  Any of the following:

e Persistence, incomplete resolution, or worsening in signs and symptoms of the ¢SSSI
that requires alternative antimicrobial therapy.

e A surgical intervention that was performed as an adjunct or follow-up therapy due to
failure of the study drug to adequately treat the infection. Minor surgical interventions
conducted at the bedside and considered standard adjunctive therapy to appropriate
antimicrobial treatment (eg, suture removal, needle aspiration, superficial debridement
of devitalized tissue, limited incision and drainage, or routine wound care), surgical
intervention on SSSI lesions other than the index lesion, surgeries not related to the
SSSL. or execution of planned surgical interventions do not constitute evidence of
study drug failure.

e New signs and symptoms associated with the original ¢SSSI or a new ¢SSSI at the
same anatomical site.

* Subject required alternative, antimicrobial therapy to treat the ¢SSSI, including oral
step-down therapy. Extension of study drug therapy to 21 days 1s allowed with prior
approval of the Medical Monitor and does not constitute evidence of study drug
failure.

e Treatment-limiting AE leading to study drug discontinuation, when subject required
alternative antimicrobial therapy to treat the ¢SSSI, including oral step-down therapy.

s Diagnosis of osteomyelitis § or more days after randomization.

e Death wherein ¢SSSI is considered causative.

Indeterminate  |Study data are not available for evaluation of efficacy, for any reason including: treatment
change prior to completing at least 48 hours of study drug therapy, death wherein ¢SSST is
clearly noncontributory, lost to follow-up, or extenuating circumstances that preclude
classification as a cure or failure (eg, diagnosis of osteomyelitis 7 or fewer days after

randomization).
Abbreviations: AE = adverse event; cSSSI = complicated skin and skin structure infections
Outcome Definition
Eradication An adequate source specimen demonstrates absence of the original baseline pathogen.
Presumed An adequate source specimen was not available to culture and the subject was assessed
eradication as a clinical cure.
Persistence Source specimen demonstrates continued presence of the original baseline pathogen.
Presumed An adequate source specimen was not available to culture and the subject was assessed
persistence as a clinical failure.
Indeterminate An adequate source specillnen was not available to culture and the subject’s clinical

response was assessed as indeterminate.

Abbreviations: AE = adverse event; ¢S55I = complicated skin and skin structure infections

For by-pathogen microbiological response analyses, a microbiological outcome at TOC was derived using
electronic microbiology data from the central laboratory and from pathogen information determined by the
Sponsor for each baseline isolate. Microbiological outcome categories were eradication, presumed eradication,
persistence, presumed persistence, and indeterminate (mMITT Population only). Favorable microbiological
outcomes were eradication or presumed eradication. Unfavorable microbiological outcomes were persistence,
presumed persistence, or indeterminate (mMITT Population only).

By-subject microbiological response at TOC in the mMITT and ME Populations were categorized as favorable
or unfavorable. For a subject to have an overall favorable microbiological response, the outcome for each
baseline pathogen had to be favorable. If the outcome for any pathogen was unfavorable, the subject was
considered to have an unfavorable microbiological response.
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cSSS1 Study P903-06 and P903-07 Subject Populations:

For the purpose of this review, both ¢cSSSI Study P903-06 and P903-07 subject population analysis will be
integrated and analyzed for clinical microbiology efficacy. Table 62 shows the number and percentage of
patients in each population for Study P903-06.

Table 68 Summary of Integrated Clinical and Microbiological Success of Ceftaroline and
Vancomycin plus Aztreonam in Adults with Skin and Skin Structure Infections in ¢SSSI Studies P903-06 and P903-07

Vancomycin Total
, . Ceftaroline plus Aztreonam -
/ N=7
Subject Populations (N=333) (N=349) (- ; ‘02j
n (%) " (%)
MITT Population 351(99.4) 347 (99.4) 698 (99.4)
mMITT Population 271 (76.8) 263(75.4) 534 (76.1)
CE Population 316 (89.5) 300 (86.0) 616 (87.7)
ME Population 244 (69.1) 227 (65.0) 471 (67.1)

Abbreviations: CE = clinically evaluable: ME = microbiologically evaluable: MITT = modified intent-to-treat;
mMITT = microbiological modified intent-to-treat.

Source: Clinical Study Report P903-06. 2009, Table 10.1-2.
Efficacy in Study Populations:

Table 69 shows the summary of the clinical and microbiological success rates of ceftaroline and comparator
agents in the cSSSI study P903-06 and P903-06 at test of cure (TOC). In the ME Population, the integrated
clinical success rate for ceftaroline was 92.7% (434/468) compared with 94.4% (421/446) for vancomycin plus
aztreonam for all subjects. The microbiological success rates were similar, with a 92.3% (432/468) success rate
for ceftaroline and 93.7% (418/446) for vancomycin plus aztreonam.

Table 69 Clinical and Microbiological Success of Ceftaroline and Vancomycin plus Aztreonam in Adults with ¢SSSI for All
Patients with Either Monomicrobial or Polymicrobial Infections at Baseline (ME Population) in Studies P903-06 and P903-07.

Clinical Success at TOC Micrebiological Success at TOC

(ME Population) (ME Population)
Popnlation

Vancomycin plus
Aztreonam nw/N (%)

Vancomycin plus

Ceftaroline n/N (%) N
< Aztreonam n/N (%)

Ceftaroline n/N (%)

All Subjects

434/ 2.7% 21/ % 432/468 (92.3%) /446 (93.7%)
(ME Population) 434/468 (92.7%) | 421/446 (94.4%) | 432/468 (92.3%) | 418/446(93.7%)

Subjects with
monomicrobial
nfections at baseline
(ME Population)

309/332(93.1%) 287/307 (93.5%) 308/332 (52.8%) 289/307 (94.1%)

Subjects with
polymicrobial
infections at baseline
(ME Population)

125/136 (91.9%) 134/139 (96.4%) 124/136 (91.2%) 129/139 (92.8%)

Abbreviations: ¢S55I= complicated skin and skin structure infection; ME = mucrobiologically evaluable;
TOC = test-of-cure:

Table 70 shows the clinical and microbiological response rate by pathogen from the primary infection site or
blood in the ME population for some skin pathogens. The microbiological response rates are as follows:
Staphylococcus aureus were 93.7%; for S. pyogenes a response rate of 100% was observed. Among S, aureus,
the clinical and microbiological response rates were similar for both methicillin-susceptible and methicillin-
resistant isolates. For ceftaroline-treated patients, the clinical success rates for methicillin-resistant S aureus
(MRSA) and methicillin-susceptible S. aureus (MSSA) were both 95.1%. Ceftaroline and vancomycin plus
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aztreonam both demonstrated similar clinical and microbiological response rates against other 3-hemolytic
streptococci, including S agalactiae and S dysgalactiae. Among gram-negative pathogens such as E. coli and
K. pneumoniae, the microbiological response rates for ceftaroline were 90.5% and 92.9%, respectively.

Table 70 Clinical and Microbiological Success by Baseline Pathogen from the Primary Infection Site or Blood at TOC (ME
Population).

Clinical Success ar TOC by
Baseline Pathogen from the
Primary Infection Site or Blood

Microbiological Success at TOC by
Baseline Pathogen from the Primary
Infection Site or Blood

Baseline Pathogen (ME Population) (ME Population)
Vancomyein plus . Vancomycin pius
Ceftaroline o P Ceftareline o £
N (24) Azfreonam N f%) Aztreonam
) n/V (%) T N (%)

Gram-positive aerobes

Staphylococcus spp.

Staphviococcus aureus

352/378 (93.1%)

336/356 (94.4%)

357/381 (93.7%)

338/360 (93.9%)

MRSA 142/152 (93 4%) | 115/122 (94.3%5) | 142/152 (93 .4%%) | 113/122 (92.6%)
MSSA 212/228 (93.0%6) [225/238 (94.5%) | 214/228 (93.9%) |225/238 (94.5%)
Staphviococcus lugdunensis 2/2 (100%%) 2/3 (66.7%) 2/2 (100%) 2/3 (66.7%)
Enteracoccus spp.
Enterococcus faecalis 20/25 (80.0%) 22/24 (91.7%) 21/25 (84.0%) 23/24 (95.8%)
Enterococcus faecium 3/3 (100%%) 3/3 (100%)

Streptococcus spp. (f-hemolytic group)
56/56 (100%)
21/22 (95.5%)

13/13 (100%)

Streptococcus pyogenes S56/58 (96.6%)
18/18 (100%)

15/16 (93.8%)

56/56 (100%)
20/22 (90.9%)
13/13 (100%)

56/58 (96.6%)
18/18 (100%)
15/16 (93.8%)

Srreptococcus agalactiae

Streptococcus dysgalactiae

Streptococcus equisimilis 1/1 (100%%) 1/1 (100%:) 1/1 (100%) 1/1 (100%)
Group GIS—,.fmmot\'r:'c 1/1 (100%) 1/1 (100%)

streptococci

B-hemalyric streptococci 1/1 (100%%) 1/1 (100%)

Strepfococcus spp. (viridans group)

Streptococcus anginosus

group 12/13 (92.3%)

15/16 (93.8%) 12/13 (92.3%) 15/16 (93.8%)

Streptococcus mitis group 1/1 (100%)
1/2 (50.0%)
1/1 (100%)

1/1 (100%)

1/1 (100%)
2/2 (100%)
1/1 (100%)
1/1 (100%)

Streptococcus oralis 1/1 (100%%) 1/1 (100%)

Streptococcs parasanguis

Streptococcus sanguis 1/1 (100%) 1/1 (100%)

Other gram-positive aerobes

Arcanobacterium

L¥d
haemolyticim 1/1 (100%)

1/1 (100%)
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Clinical Success at TOC by Microbiological Success ar TOC by
Baseline Pathogen from the Baseline Pathogen from the Primary
Primary Infection Site or Blood Infection Site or Blood
Baseline Pathogen (ME Population) (ME Population)
el e B
/N (%a) /N (25) N (%) WIN (25)
Gram-positive anaerobes
Clostridium perfiingens 1/1 (100%) 1/1 (100%%)
Finegoldia magna 2/2 (100%) 2/2 (100%)
f:ﬁ;izrgziroroffus 1/1 (100%) 1/1 (10023)
Peptostreplococclis Micros 2/2 (100%:) 1/1 (100%%) 2/2 (100%%) 1/1 (100%%)
Propionibacterium spp. 1/1 (100%) 1/1 {(100%6)
Gram-negative aerobes
Enterobacteriaceae
Citrabacter freundii complex 3/3 (100%:) 4/4 (100%%) 3/3 (100%%) 4/4 (100%)
Citrabacter koseri 1/1 (100%%) 1/1 (100%) 1/1 (100%%) 1/1 (100%%)
Enterobacrer aerogenes 1/1 (100%6) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Enterobacter cloacae 4/5 (80.0%%) 11/12 (91.7%) 3/5 (60.0%%) 12/12 (100%)
Escherichia coli 20/21 (95.2%) 19/21 (90.5%) 20/21 (95.2%) 19/21 (90.5%)
Kiebsiella oxytoca 10/12 (83.3%) G/6 (100%%) 11/12 (91.7%) 5/6(83.3%)
Klebsiella pneumoniae 17/18 (94.4%) 13/14 (92.9%) 17/18 (94.4%) 13/14 (92.9%3)
Morganella morganii 11/12 (91.7%) 5/6 (83.3%) 11/12 (91.7%) 6/6 (100%%)
Proteus mirabilis 10/15 (66.7%) 20/21 (95.2%) 11/15 (73.3%) 19/21 (90.5%a)
Proteus penneri 1/1 (100%6) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Proteus vulgaris group 3/5 (60.0%) 1/1 (100%) 3/5 (60.0%) 1/1 (100%)
Providencia rettgeri 1/1 (100%) 1/1 {(100%6)
Providencia stuartii 2/2 (100%:) 2/2 (100%%)
Salmonella group D 1/1 (100%%) 1/1 (100%:)
Serratia liguefaciens 1/1 (100%%) 1/1 (100%%)
Serratia marcescens 3/3 (100%:) 3/3 (100%%) 2/3 (66.7%) 3/3 (100%%)
Nonfermenting gram-negative bacilli
Acmerobacter cal :ﬁ;{;’f cus | 3/3 (100%) 7/7 (100%) 2/3 (66.7%) SI7 (71.4%)
Pseudomonas aeruginosa 14/16 (87.5%) 17/18 (94.4%) 13/16 (81.3%) 17/18 (94.4%3)
Prseudomonas siutzeri 1/1 (100%:) 1/1 (100%%)
Pseudomonas spp. 2/2 (100%%) 272 (100%%)
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Clinical Success ar TOC by Microbiological Success at TOC by
Baseline Pathogen from the Baseline Pathogen from the Primary
Primary Infection Site or Blood Infection Site or Blood
Buaseline Parhogen (ME Population) (ME Population)
Ceftaroline Vanc_omyc;r'n plus Cefrarolme Vanf_omyfm Dius
N (%) .-i_i"jl'e?onam /N (% ) .-i_i":reionam
/N (%) N (%)
Other gram-negatives
Aeramonas hydrophila 2/2 (100%e) 2/2 (100%)
Alcaligenes faecalis 2/2 (100%%) 2/2 (100%)
Eikenella corrodens 1/1 (100%%) 1/1 (100%)
Moraxella osloensis 1/1 (100%%) 1/1 (100%:)
Haemophilus parainfluenzae 1/1 (100%%) 1/1 (100%)
Ralstonia pickettii 1/1 (100%) 1/1 (100%)
Gram-negative anaerobes
Buacteroides capillosus 1/1 (100%) 1/1 (100%)
Bacteroides fragilis 2/3 (66.7%) 1/1 (100%) 2/3 (66.7%) 1/1 (100%)
Bacireide o 11 (1000 11 oo
Capnocytophaga spp. 1/1 (100%%) 1/1 (100%)
Fusobacterium varium 1/1 (100%) 1/1 (100%)
Prevotella bivia 1/1 (100%) 1/1 (100%)
Prevotellia loeschii 1/1 (100%) 1/1 (100%)

Abbreviations: €555 = complicated skin and skin structure infection: ME = microbiologically evaluable;
MESA = methicillin resistant Stapiviococcus aureus: MSSA = methicillin susceptible Stapiniococcus aureus,;
TOC = test-of-cure.

Table 71 shows the activity of ceftaroline against S. aureus that were characterized by genotyping. Please note
that this genotype characterization technique is informative for the surveillance of epidemics caused by resistant
bacteria and may detect both the gene and the genetic element that carries the gene. The genotyping method
may confirm the presence or absence of resistance in isolates for which the MIC of ceftaroline is close to the
upper critical concentration.

The data show that presence or absence of pvl appears to have had no significant effect on ceftaroline
eradication rates. The most prevalent PFGE type was USA300 from subjects in the U.S. and the microbiological
success rates for ceftaroline and vancomycin plus aztreonam were 91.40% and 91.1%, respectively. The most
prevalent SCCmec type was type IV, and ceftaroline and vancomycin plus aztreonam both exhibited clinical
and microbiological success rates against SCCmeclV isolates of S aureus of 96.6% and 89.5%, respectively.
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Table 71 Clinical and Microbiological Success by Baseline Staphylococcus aureus Genotypes from Primary Infection Site or

CLINICAL MICROBIOLOGY REVIEW

Date Review Completed: 09/27/2010

Blood at TOC (ME Population) in ¢SSSI Study P903-06 and P903-07.

Clinical Success at TOC by Baseline
Pathogen from the Primary Infection
Site or Blood (ME Population)

Microbiological Success at TOC by
Baseline Pathoegen from the Primmary
Infection Site or Blood (ME Population)

Baseline Pathogen

Ceftaroline Vancomycin plus Cof . I (25 VGHC_GFTUIHH plus

n/N (%a) Azrreonam n/N (%) eftaroline W (7o) Azfreonam
nN (a)

PVL-positive 149/161 (92.5%) 136/145 (93.8%) 149/161 (92.5%) 135/145 (93.1%)
PVL-negative 188/200 (94.0%) 180/190 (94 .7%) 190/200 (95.0%) 178/190 (93 .7%)
USA100 4/4 (100%) 2/3 (66.7%) 4/4 (100%) 2/3 (66.7%)
USA200 15/16 (93.8%) 17/19 (89.4%) 16/16 (100%) 17/19 (89.4%)
USA300 96/105 (91 .4%) T2/79 (91.1%) 96/105 (91 .4%) T2/79 (91.1%)
USA400 12/12 (100%) 7/8 (87.5%) 12/12 (100%) 7/8 (87.5%)
USAG00 20/22 (90.9%) 22/22 (100%) 20/22 (90.9%) 22/22 (100%)
USAT00 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
USAS00 3/3 (100%) 1/1 (100%) 3/3 (100%) 1/1 (100%)
SCCmecl 2/2 (100%) NA 2/2 (100%) NA
SCCmecll 5/5 (100%) 6/7 (85.7%) 5/5 (100%) 6/7 (85.7%)
SCCmeclll 8/8 (100%) 7/7 (100%) 8/8 (100%) 6/7 (85.7%)
SCCmecIV 111/118 (94.1%) 80/86 (93.0%) 111/118 (94.1%) 79/86 (91.9%)

Abbreviations: ¢S551 = complicated skin and skin structure infection; ME = microbiologically evaluable;
PVL = Panton-WValentine leukocidin toxin; SCCmec = staphvlococcal cassette chromosome mec type;
TOC = test-of-cure: USA = United States of America.

The clinical and microbiological response rates for ceftaroline and vancomycin plus aztreonam against baseline
pathogens from patients with monomicrobial infections are shown in Table 72. For S aureus and S. pyogenes,
the microbiological success rates were 93.4% and 100%, respectively. Although the numbers of individual
species within the Enterobacteriaceae was low, 100% success rates were observed for E. coli (8/8) and K.
oxytoca (4/4).
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Table72. Clinical and Microbiological Success by Baseline Pathogen from Subjects with Monomicrobial Infections at TOC
(ME Population) in ¢SSSI Study P903-06 and P903-07

By Pathogen Microbiological
Success at TOC by Baseline
Pathogen from Subjects with
Monomicrobial Infections
(ME Population)

Cliniical Success at TOC by Baseline
Pathogen from Subjects with
Monoemicrebial Infections

Baseline Pathogen

(ME Population)
Cof = Fancomycin plus
'f;f\{i?ffe Aztreonam
i n/N (%)

Ceftaroline
N !m/o)

Vancomycin plus
Aztreonam
N (%)

Gram-positive aerobes

Staphylococcns spp.

Staphviscoccus aureus

252/271 (93.0%)

224/240 (93.3%)

253/271 (93.4%)

225/240 (93.8%)

MRSA

118/124 (95.2%)

90/96 (93.8%)

118/124 (95.2%)

90/96 (93.8%)

MSSA

134/147 (91.2%)

134/144 (93.1%)

135/147 (91.8%)

135/144 (93.8%)

Staphylococcus lugdunensis

1/1 (100%4)

1/2 (50.0%)

1/1 (100%)

1/2 (50.0%)

Enterococcus spp.

Enterococcus faecalis

2/2 (100%)

12 (50.0%)

2/2 (100%)

2/2 (100%)

Enterococcus faecium

1/1 (100%)

1/1 (100%)

Streptococcus spp. (B-hemoly

tic group)

Streptococcus pyogenes

15/15 (100%)

24/25 (96.0%)

15/15 (100%)

24/25 (96.0%)

Streptococcus agalactiae

4/4 (100%)

7/7 (100%)

3/4 (75.0%)

77 (100%)

Streptococcus dysgalactiae

5/5 (100%)

3/3 (100%)

3/5 (100%)

3/3 (100%)

B-hemolytic streptococci

1/1 (100%)

1/1 (100%%)

Streptococcus spp. (viridans group)

Streptococcus anginosus

5/5 (100%)

group

6/7 (85.7%)

5/5 (100%)

6/7 (85.7%)

Nonfermenting sram-negative bacilli

Pseudomonas spp.

|  wNa

1/1 (100%)

NA |

1/1 (100%)

Abbreviations: ¢5551 = complicated slan and skin structure infections; ME = microbiologically evaluable:
MRSA = methicillin-resistant Stapfniococcus aurens: MSSA = methicillin-susceptible Staphylococcus aurens:

TOC = test-of-cure.

Source: Table 1.1.2b and Table 1.2 2b
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Clinical Success ar TOC by Baseline By Pathogen ,Wrcrobro!og{ra!
L . Success ar TOC by Baseline
Patliogen from Subjects with . .
b . N Pathogen from Subjects with
Monemicrobial Infections ; . N
i (ME Population) Monomicrobial Infections
Baseline Pathogen 4 2E (ME Popuiation)
N Vancomycin plus . Vancomycin plus
C:";ﬁiyi’fng Azmreonam C:ﬁc\:}:(a;me Aztreonam
N (e niN (2%) N5 RN (%)
Gram-negative aerobes
Enterobacteriaceae
Cimrobacter fireundii . o ' o i 0.0 ! o
camplex 1/1 (100%) 3/3 (100%) 1/1 (100%%) 3/3 (100%)
Enterobacter cloacae 1/1 {100%a) 2/2 (100%) 0/1 (0%) 2/2 (100%)
Escherichia coli 8/8 (100%) T/7 (100%) 8/8 (100%) T/T (100%)
Klebsiella oxytoca 4/4 (100%) 4/4 (100%)
Klebsiella pnewmoniae 1/1 (100%a) 2/2 (100%) 1/1 (100%c) 2/2 (100%)
Morganelia merganii 2/2 (100%) 2/2 (100%)
Proteus mirabilis 1/3 (33.3%) 2/2 (100%) 2/3 (66.7%) 2/2 (100%)
Proteus vulgaris group 3/5 (60.0%) 3/5 (60.0%)
Providencia retigeri 1/1 (100%) 1/1 (100%)
Salmonella group D 1/1 (100%) 1/1 (100%)
Serraria marcescens 3/3 (100% 1/1 (100%:) 2/3 (66.7%) 1/1 (100%3)
Nonfermenting gram-negative bacilli
Pseudomonas spp. | | oo | | 11 (oows)

Abbreviations: ¢SS5I = complicated skin and skin structure infection; ME = microbiologically evaluable;
MESA = methicillin resistant Stapfyiococcus aurens. MSSA = methuicillin susceptible Stapinlococcus aurens,
TOC = test-of-cure.

Table 73 shows the clinical and microbiological outcome for baseline pathogens from patients with
polymicrobial infections. The microbiological success rates for ceftaroline and S. aureus was 94.5% and for S
pyogenes was 100%.

Table 73 Clinical and Microbiological Success by Baseline Pathogen from Subjects with Polymicrobial Infections at TOC (ME
Population) in ¢SSSI Study P903-06 and P903-07,

Clinical Success at TQC by Baseline
Pathogen from Subjects with

Microbiological Success ar TOC by
Baseline Parltogen from Subjects

Baseline Pathogen

Polymicrebial Infections

with Pelvmicrebial Infections

(ME Population) (ME Popiilation)
Ceftaroline Vancomycin plus Ceftaroiine Van;f::%\o‘;r:?ﬁ!zu
N %s ztr N (%% N (2 “4z
N (2a) Azrreonam n/IN (%s) nN (%) W (25)

Gram-positive aerobes

Straphylecoccus spp.

Sraphviscoccus aureus

100/107 (93.5%)

1127116 (96.6%)

104/110 (94 5%)

113/120(94 2%)

MRSA 24/28 (85.7%) 25/26 (96.2%) 24/28 (85.7%) | 23/26(88.5%)
MSSA 78/81 (963 91/94 (96 .8%) 79/81 (97.5%) | 90/94 (95.7%)
Staphyviococcus hugdunensis 1/1 (100%:) 171 (100%:) 1/1 (100%) 1/1 (100%)
Enterococcus spp.
Enterococcus faecalis | 18/23 (783%) 21/22 (95.5%) | 19/23 (82.6%) | 21/22 (95.5%)

Streptoceccius spp. (f-hemolytic group)

Streptococcus pyogenes

41/41 (100%)

32/33 (97%)

41/41 (100%6)

32/33 (100%)

Streprococcus agalactiae

17/18 (94.4%)

11/11 (100%)

17/18 (94.4%)

11/11 (100%)

group

Streprococcus dysgalactiae 8/8 (100%a) 12713 (92.3%%) B8/8 (100% 12713 (92.3%)
Streptococcus equisimilis 1/1 {100%:) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Group G f-hemolytic 1/1 (100%) - 1/1 (100%) -
streptococci

Sfrepfececcus spp. (viridans group)
Streplococcus anginosus 7/8 (87.5%) 9/9 (100%) 7/8 (87.5%) 9/9 (100%)

Gram-negative aerobes

Enterobacteriaceae

Escherichia coli 12/13 (92.3%) 12/14 (85.7%) 12/13 (92.3%%) | 12/14 (85.7%)
Klebsiella oxytoca 6/8 (75%) 6/6 (100%) 7/8 (87.5%) 5/6 (83.3%)
Elebsiella pnewmoniae 16/17 (94.1%%) 11712 (91.7%%) 16/17 (94.1%) 11/12 (91.7%)
Morganella morganii 9/10 (90%) 5/6 (83.3%) 9/10 (90.0%) 6/6 (100%)
Proteus mirabilis 9/12 (75%) 18/19 (94.7%) 9/12 (75%) 17/19 (89.5%)
Proteus penneri 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Proteus vuigaris group - 1/1 (100%:) - 1/1 {100%)
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Baseline Pathogen

Clinical Success at TOC by Baseline
Pathogen from Subjects with
Polymicrobial Infections
(ME Populafion)

Microbiological Success at TOC by
Baseline Pathogen from Subjects
with Polymicrebial Infections
(ME Population)

Vancomycin plus

. vein bl
Ceftaroime Fancomycin plus

o A A Aztreonam
Aztreonam n'N (%) N (%) WiV (%)
Nonfermenting gram-negative bacilli
Acinetobacter calcoacericus , o, 27 P ny oy i e Ao
L it complon 3/3 (100%) 7/7 (100%) 2/3 (66.7%) 57 (71.4%)
Pseudomonas aeruginosa 14/16 (87.5%) 17/18 (94.4%) 13/16 (81.3%) 17/18 (94.4%%)

Abbreviations: cSSSI = complicated skin and skin structure infection: ME = microbiologically evaluable:
MESA = methicillin resistant Staphwvlococcus aureus; MSSA = methicillin susceptible Stapiviococcus aureus;

TOC = test-of-cure.

Correlation of clinical and microbiological response with in vitro susceptibility rates for Studies P903-06 and

P903-07:

MIC values and response rates for ceftaroline and vancomycin for all baseline pathogens identified are
summarized in Table 74. MIC values for all listed pathogens are similar to the data seen in the large
surveillance studies. The MICqs of ceftaroline for methicillin-susceptible and methicillin-resistant strains were
0.25 and 1 mcg/mL, respectively. Among the 362 isolates of S aureus from ceftaroline-treated subjects, the
ceftaroline MICs ranged from 0.06 to 2 mcg/mL. There were 24 clinical and microbiological failures that were
associated with 7 isolates with a ceftaroline MIC of 0.12 mcg/mL, 8 isolates with a MIC of 0.25 mcg/mL, 7
isolates with a MIC of 0.5 mcg/mL, and 2 isolates with a MIC of 2 mcg/mL.

Table 74 Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against Staphylococcus aureus
from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Microbiological Success (Eradicated/Presumed
N (%) Eradicated n/IV (%a)

Ceftaroline MIC (pg/mL)
0.06 3 3/3 (100%) 3/3 (100%)
0.12 79 72/79 (91.1%) T3/79 (92 4%)
0.25 156 148/156 (94.9%) 149/156 (95.5%)
0.5 109 102/109 (93.6%) 102/109 (93.6%)
1 11 11/11 (100%) 11/11 (100%)
2 4 2/4 (50.0%) 2/4 (50.0%)
Total 362 338/362 (93 4%) 340/362 (93.9%)
Vancomycin MIC (pg/mL)
=025 1 1/1 (100%) 1/1 (100%)
0.5 151 144/151 (95.4%) 145151 (96%)
1 184 72/184 (93.5%) 169/184 (91.8%)
2 2 2/2 (100%) 1/2 (50.0%)
Total 338 319/338 (94.4%) 316/338 (93.5%)

Abbreviations: ¢SSSI = complicated skin and skin stmucture mnfection; MIC = minimally inhibitory concentration

Table 75 shows the analysis based on pvl status of the isolates. There were 167 pvl positive isolates. The MICy,
values for both pvl positive and pvl negative isolates were 0.5 mcg/mL.
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Table 75 Antibacterial Activity of Ceftaroline against Different Genotypes of Staphylococcus aureus from Ceftaroline-treated

CLINICAL MICROBIOLOGY REVIEW

Date Review Completed: 09/27/2010

Subjects in ¢SSSI Studies P903-06 and P903-07 Combined

Organism N Cefraroline MI I_'_' [ ugﬁu 1)
Range 50% Q0%
S aureuws PVL-positive 167 0.12-2 0.5 0.5
S aureus PVL-negative 209 0.06-2 0.25 0.5
S aureus (PFGE type) USA100 4 05-1 NA NA
5. aureus (PEGE type) USA200 16 0.12-0.25 0.12 0.25
5. aureus (PFGE type) USA300 112 0.12-05 0.5 0.5
S aureus (PFGE type) USA400 14 0.12-0.25 0.25 0.25
5. aureus (PFGE type) USAG00 23 0.06-0.25 0.12 0.25
S aureus (PFGE type) USA700 1 0.25 NA NA
5. aureus (PFGE type) USAB00 3 0.25-05 NA NA
5. aureus SCCmecl 3 2 NA NA
5 aureus SCCmecll 5 05-2 NA NA
5 aureus SCCmeclll 8 05-2 NA NA
5 aureus SCCmeclV 122 025-1 0.5 0.5

Abbreviations: ¢5551 = complicated skin and skin structure infection; MIC = mummally inhibitory concentration;
PFGE = pulsed-field gel electrophoresis; PVL = Panton-Valentine leukocidin toxin: USA = United States of
Amernica.

There were no significant differences in terms of rates of eradication with respect to the pvl status of the
isolates. An eradication rate of 94.5% was observed for the 91 pvl negative isolates in the ceftaroline treatment
group in Study P903-06 (Table 76). Table 77 shows the eradication rates by pvl status for Study P903-07.

Table 76 Clinical and Microbiological Success Rates for Ceftaroline and Vancomycin by MIC for PVL-negative
Staphylococcus aureus from Skin Infections in ¢SSSI Study P903-06

N Clinical Success n/N (%) (Eradic a;ﬁgziis:szgr:;;iiz; AN (%)

Ceftaroline MIC (png/mL)

0.06 2 2/2 (100%) 2/2 (100%)

0.12 24 22/24 (91.7%) 23/24 (95.8%)

0.25 40 37/40 (92.5%) 37/40 (92.5%)

0.5 17 17/17 (100%) 17/17 (100%)

1 [+] 6/6 (100%) 6/6 (100%)

2 2 1/2 (50.0%) 1/2 (50.0%)

Total 91 85/91 (93.4%) 86/91 (94.5%)

Table 77 Clinical and Microbiological Success Rates for Ceftaroline and Vancomycin by MIC for PVL-negative
Staphylococcus aureus from Skin Infections in ¢SSSI Study P903-07

Microbiological Success
o Clinical Success n/IV (%) (Eradicarted/Presnumed Eradicated
N (%)
Ceftaroline MIC (pug/mL)
0.06 1 1/1 (100%%) 1/1 (100%5)
0.12 41 37/41 (90.3%0) 37/41 (90.3%%)
0.25 59 58/59 (98.3%) 58/59 (98.3%)
0.5 8 7/8 (87.5%) 7/% (87.5%)
1 2 202 (100%:) 2/2 {100%)
2 1 071 {0%a) /1 (0%a)
Total 112 105/112 (93 .8%) 105/112 (93 .8%:)
Vancomycin MIC (ug/mL)
0.5 56 53/56 (94.6%) 54/56 (96.4%)
1 50 45/50 (90.0%) 45/50 (90.0%6)
Total 106 98/106 (92.5%) 99/106 (93.4%)

Abbreviations: cS5SI = complicated skin and skin structure infection; MIC = minimum inhibitory concentration;
PVL = Panton-Valentine leukocidin toxin.

Source: Table 4.3 and Table 4.4
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Table 78 shows the clinical and microbiological eradication rates my MIC values for ceftaroline and
vancomycin for USA 300 isolates for the Study P903-06 and P903-07.

Table 78 Integrated Clinical and Microbiological Success Rates for Ceftaroline and Vancomycin by MIC for Staphylococcus
aureus USA300 from Skin Infections in cSSSI Studies P903-06 and P903-07 Combined

‘ ~ ‘ Clinical Success Microbiological Success
N (%) (Eradicated- Presnmed Eradicared nN (%)

Ceftaroline MIC (ug/mL)

012 5 5/5 (100%) 5/5 (100%)

025 27 25/27 (92.6%) 24/27 (88.9%%)

0.5 75 68/75 (90.7%) 68/75 (90.7%%)

Total 107 98/107 (91.5%) 97/107 (90.7%)

Vancomycin MIC (pg/mL)

L) 39 38/39 (97.4%) 38/39 (97 4%%)

1 41 35/41 (85.4%0) 35/41 (85.4%%)

Total 80 73/80 (91.3%0) 73/80 (91 .3%)

Abbreviations: ¢S55I = complicated skin and skin structure infection: MIC = minimally inhibitory concentration;
USA = United States of America.

Table 79 shows the success rates for ceftaroline and vancomycin against S pyogenes. The Applicant reported a
success rate of 100% among the 56 baseline isolates among the ceftaroline treated subjects. However, there
were two clinical and microbiological failures associated with isolates with vancomycin MICs of 0.25 mcg/mL.

Table 79 Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against Streptococcus pyogenes
from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined.

N Clinical Success Microbiological Success
nN (%) ({Eradicated/Presumed Eradicated n/N (%)

Ceftaroline MIC (pg/mL)
= 0.004 35 35/55 (100%) 55/55 (100%)
0.008 1 1/1 (100%) 1/1 (100%)
Total 56 56/56 (100%) 56/56 (100%)
Vancomycin MIC (pg/mL)
0.25 45 43/45 (95.6%) 43/45 (95.6%)
0.5 11 11/11 (100%) 11/11 (100%)
1 2 2/2 (100%) 2/2 (100%)
Total 58 56/58 (96.6%) 56/58 (96.6%)

Abbreviations: ¢5551 = complicated skin and skin structure infection; MIC = minimally inhibitory concentration.

Ceftaroline demonstrated antibacterial activity against S pyogenes with MICs that ranged from < 0.004 to 0.008
mcg/mL and a MICy of < 0.004 mcg/mL. All other Streptococcus species were also susceptible to ceftaroline
with all isolates being inhibited by concentrations that were < 0.03 mcg/mL (Table 80-85).
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Table 80 Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against Streptococcus
agalactiae from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Micrabiological Success (Eradicated/Presumed
N (%) Eradicated n/IN (%)
Ceftaroline MIC (pg/mL)
0.008 9 8/9 (88.9%) 8/9 (88.9%)
0.015 11 11/11 (100%) 10/11 (90.9%)
Total 20 19/20 (95.0%) 18/20 (90.0%)
Vancomycin MIC (pg/mL)
0.25 2 2/2 (100%) 2/2 (100%)
0.5 15 15/15 (100%) 15/15 (100%)
Total 17 17/17 (100%) 17/17 (100%)

Abbreviations: ¢SSSI = complicated skin and skin structure infection: MIC = mummally inhibitory concentration.

Table 81 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against
Streptococcus dysgalactiae Clinical Isolates from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Microbiological Success
N (%) (Eradicated/Presumed Eradicated n/IN (%)

Ceftaroline MIC (ug/mL)
=0.004 6 6/6 (100%) 6/6 (100%)
0.008 6 6/6 (100%) 6/6 (100%)
Total 12 12/12 (100%) 12/12 (100%)
Vancomycin MIC (pg/mL)
0.25 15 14/15 (93.3%) 14/15 (93.3%)
05 1 1/1 (100%) 1/1 (100%)
Total 16 15/16 (93.8%%) 15/16 (93.8%)

Abbreviations: ¢S55I = complicated skin and skin structure infection; MIC = nummally inhibitory concentration.

Table 82 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin Against
Streptococcus anginosus Group Clinical Isolates from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

‘ ~ ‘ Clinical Success J!i;rab.r'o!og}'rﬂ! Success 7
N (%) (Eradicated/ Presumed Eradicated n/IV (%)

Ceftaroline MIC (png/mL)

= 0.004 3 3/3 (100%) 3/3 (100.0%)

0.008 3 3/3 (100%%) 3/3 (100%)

0.015 1 1/1 (100%) 1/1 (100%)

0.03 = 5/5 (100%) 5/5 (100%)

Total 12 12/12 (100%) 12/12 (100%)

Table 83 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against
Streptococcus anginosus Group Clinical Isolates from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success _‘I’!r';mbi elegical Stuccess )
N (%) (Eradicated/Presumed Eradicated n/IN (%)
Vancomycin MIC (pg/mL)
0.5 10 10/10 (100%) 10/10 (100%)
1 4 5/6 (83.3%) 5/6(83.3%)
Total 16 15/16 (93.8%) 15/16 (93.8%)

Abbreviations: cS5SI = complicated skin and skin structure infection: MIC = minimally inhibitorv concentration.
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Table 84 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin Against Other
Streptococci from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success | Microbiological Success (Eradicated/Presumed
: n/IN (%) Eradicared n/IV (%)
Ceftaroline MIC (pg/mL)
Group G f-hemolytic streptococci
=0.004 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus equisimilis
<0.004 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus mitis
0.03 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus oralis
0.015 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus sanguis
0.008 | 1 | 1/1 (100%) | 1/1 (100%)

Table 85 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin Against Other
Streptococci from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

N Clinical Success Microbiological Success (Eradicated/Presumed
N (%) Eradicated n/IN (%)

Vancomycin MIC (pg/mL)
Streptococcus miris group
0.5 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus equisimilis
0.5 | 1 | 1/1 (100%) | 1/1 (100%)
Streptacoccus oralis
0.5 | 2 | 12(50.0%) | 2/2 (100%)
Streprococcus parasanguis
0.25 | 1 | 1/1 (100%) | 1/1 (100%)
Streptococcus sanguis
0.5 | 1 | 1/1 (100%) | 1/1 (100%)

Abbreviations: ¢SS5I = complicated skin and skin structure infection: MIC = minimally inhibitory concentration.

Ceftaroline and vancomycin success rates for E. faecalis are shown in Table 86. Among the 25 baseline isolates
from ceftaroline-treated subjects, the ceftaroline MICs ranged from 0.25 to 16 mcg/mL. The clinical success
rate was 80% and the microbiological success rate was 84%. One microbiological failure occurred at 0.5
mcg/mL and 3 at I mcg/mL. Among the E. faecalis from vancomycin-treated subjects, the vancomycin MICs
ranged from 0.5 to 2 mcg/mL. The clinical success rate and the microbiological success rate were 91.7 %.

Table 86 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Vancomycin against
Enterococcus faecalis Clinical Isolates from Skin Infections in ¢cSSSI Studies P903-06 and P903-07 Combined

N Clinical Success Microbiological Success (Eradicated/Presumed
N (%) Eradicated n/N (%)

Ceftaroline MIC (pug/mL)

0.25 1 1/1 (100%) 1/1 (100%)

0.5 7 6/7 (85.7%) 6/7 (85.7%)

1 14 10/14 (71.4%) 11/14 (78.6%)

4 1 1/1 (100%) 1/1 (100%)

8 1 1/1 (100%) 1/1 (100%)

16 1 1/1 (100%) 1/1 (100%)

Total 25 20/25 (80.0%) 21/25 (84.0%)
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- Clinical Success | Microbiological Success (Eradicated/Presumed
i N (%) Eradicated n/N (%)
Vancomycin MIC (pg/mL)
0.5 5 4/5 (80.0%) 4/5 (80.0%)
1 12 11/12 (91.7%) 12/12 (100%)
2 7 7/7 (100%) 7/7 (100%)
Total 24 22/24 (91.7%) 23/24 (95.8%)

Abbreviations: cSSSI = complicated skin and skin structure infection; MIC = minimally inhibitory concentration.

Among the Gram-negative pathogens, ceftaroline MICys for E. coli, K. oxytoca, and K. pneumoniae were 1,
0.25 and > 16 mcg/mL, respectively (Table 87). Among the 21 isolates of E. cali, the ceftaroline MICs ranged
from 0.015 to > 16 mcg/mL, with 1 clinical and microbiological failure at 2 mcg/mL. There were 18 baseline
isolates of K. pneumoniae with ceftaroline MICs that ranged from 0.03 to > 16 mcg/mL with 1 clinical and
microbiological failure at 0.03 mcg/mL. There were 15 baseline isolates of P. mirabilis with ceftaroline MICs
that ranged from < 0.008 to > 16 mcg/mL and 4 total microbiological failures being associated with 2 isolates
with MICs of 0.06 mcg/mL, 1 isolate at 0.12 mcg/mL, and 1 isolate at > 16 mcg/mL. The MICygs for aztreonam
and E. coli and K. pneumoniae were 0.12 mcg/mL and > 32 mcg/mL, respectively.

Table 87 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Gram-negative Organisms
from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

Ceftaroline MIC ~ Clinical Success Microbiological Success
frg/mi) AN (%a) (Eradicaied/Presumed Eradicated n/N (%)
Citrobacter fireundii complex

0.06 1 1/1 (100%) 1/1 (100%)

0.25 1 1/1 (100%) 1/1 (100%)

=16 1 1/1 (100%a) 1/1 (100%3)
Citrobacter koseri

0.12 | 1 | /1 (100%) | 1/1 (100%)
Enterobacter aerogenes

0.12 | 1 | /1 (100%) | 1/1 (100%)
Entercbacter cloacae

0.06 1 1/1 (100%) 1/1 (100%)

0.12 1 1/1 (100%) 1/1 (100%)

025 1 1/1 (100%) 0/1 (0%)

1 2 1/2 (50.0%) 1/2 (50.0%)
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Cefrarolitnne MIC ‘ A ‘ Clinical Success Microbiological Snccess
(gl ) - N (26) (Eradicared/Presumed Eradicated nNN (%)
Escherichia coli
0.015 1 1/1 (100%a) 1/1 {100%%)
0.03 2 2/2 (100%) 2/2 (100%)
0.06 8 8/8 (100%) 8/8 (100%2)
0.12 4 4/4 (100%) 4/4 (100%)
0.25 1 1/1 (100%&) 1/1 (100%)
0.5 2 2/2 (100%) 2/2 (100%)
1 1 1/1 (100%a) 1/1 (100%s)
2 1 0/1 (0%) 0/1 (D%)
=16 1 1/1 (100%a) 1/1 (100%s)
Klebsielia exvtoca
0.03 1 1/1 (100%&) 1/1 (100%)
0.06 4 3/4 (75.0%) 4/4 (100%)
0.12 1 1/1 (100%&) 1/1 (100%)
0.25 5 5/5 (100%) 5 (100%)
Klebsiella pneumoniae
0.03 2 1/2 (50.0%) 1/2 (50.0%)
0.06 7 T/T (100%:) F/IT(100%%)
0.12 (5] 6/6 (100%) 6/6 (100%%)
0.25 1 1/1 (100%a) 1/1 (100%z)
=16 2 2/2 {100%) 2/2 (100%)
Morganella morganii
0.06 2 2/2 (100%) 2/2 (100%)
0.25 2 2/2 (100%) 2/2 (100%)
0.5 1 1/1 (100%a) 1/1 (100%)
1 1 0/1 (0%a) 0/1 (0%)
4 1 1/1 (100%a) 1/1 (100%z)
16 1 1/1 (100%a) 1/1 (100%s)
=16 3 3/3 (100%:) 3/3 (100%%)
Cefraroline MIC ‘ ~ ‘ Clinical Success Microbiological Success
(rgsmi) IV (%) (Eradicared Presumed Eradicared mV (%)
Proteus mirabilis
= 0008 1 1/1 (100%:) 1/1 (100%%)
0.06 s 3/6 (50.0%) 4/6 {(66.7%)
012 4 3/4 (75.0%%) 3/4 (75.0%)
0.5 1 1/1 (100%a) 1/1 (100%%)
=16 3 273 (66.7%) 2/3 {(66.7%)
Proteus penneri
16 1 1/1 (100%a) 1/1 (100%%)
Proteus vuigaris group
0.12 1 1/1 (100%4) 1/1 (100%%)
0.5 1 1/1 (100%a) 1/1 (100%)
4 1 171 {(100%3) 1/1 (100%%)
Providencia stuartii

| 1 | 1/1 (100%%) | 1/1 (100%%)

| 1 | 1/1 (100%) [ 1/1 (100%)

. [ 1 [ 1/1 (100%) [ 1/1 (100%)

S fa marcescens
0.25 1 1/1 (100%5) 1/1 (100%)
0.5 2 2/2 (100%:) 1/2 (50.0%3)
Total 96 86/96 (8B9.6%) BG6/96 (89.6%)

Abbreviations: cSSS5I = complicated skin and skin structure infection: MIC = minimally inhibitory concentration.

The clinical and microbiological success rates as a function of ceftaroline or aztreonam
MIC is shown in Table 88.
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Table 88 Integrated Cinical and Microbiological Response Rates by MIC for Aztreonam against Gram-negative Organisms
from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

_Azireonam MIC ~ Clinical Success Microbiological Swccess
(gL} N (26) (Eradicared/Presumed Eradicared n-N (%)
Cirrobacter fireundii complex
0.06 1 1/1 (10025) 1/1 (100%3)
0.12 3 3/3 (100%) 373 (100%)
Cimrobacrer kosert
=0.03 | 1 | 1/1 (100%) | 1/1 (100%)
Enterobacter aerogenes
0.06 | 1 | 141 (100°&) | 1/1 (100%&)
Enterobacter cloacae
= 0.03 2 2/2 (100%%) 2/2 (100%)
0.06 3 3/3 (100%%) 3/3 (100%)
0.12 2 2/2 (100%) 272 (100%)
0.25 1 1/1 (100%a) 1/1 (100%)
0.5 1 1/1 (100%a) 1/1 (100%3)
16 1 0/1 (0%) 1/1 (100%%)
=32 1 1/1 (100%a) 1/1 (100%)
Escherichia coli
= 0.03 7 577 (71.4%) 5iT (71.4%)
0.06 8 8/8 (100%:) 8/8 (100%)
0.12 3 3/3 (100%%6) 3/3 (100%)
0.25 1 1/1 (100%3a) 1/1 (100%)
0.5 1 1/1 (100%a) 1/1 (100%)
Klebsiella oxyvtoca
= 0.03 1 1/1 (100%) 0/1 (02%)
0.06 1 1/1 (100%5) 1/1 (100%a)
0.12 2 2/2 (100%%6) 2/2 (100%)
0.25 2 2/2 (100%%6) 2/2 (100%)
A ztreornam MIC ‘ ~ ‘ Clinical Success Microbiological Success
frrg/mL) IV (%) (Eradicated Presumed Eradicated N (%)
Klebsi, Dreumoniag
=0.03 3 3/3 (100%) 3/3 (100%)
006 3 2/3 (66.7%) 2/3 (66.7%)
025 2 2/2 (100%45) 2/2 (100%)
g 1 1/1 (100%%) 1/1 (100%)
16 1 1/1 (100%a) 1/1 (100%)
32 1 1/1 (100%3) 1/1 (10025)
~ 32 3 3/3 (100%) 3/3 (100%)
Morganella morganii
=0.03 4 3/4 (75.0%) 474 (100%5)
1 1 1/1 (100%a) 1/1 (100%)
4 1 1/1 (100%4) 1/1 (100%a)
Proteus mirabilis
=0.03 17 16/17 (94.1%%) 15/17 (88.2%2)
0.06 2 2/2 (100%) 2/2 (100%)
025 1 1/1 (100%4) 1/1 (100%a)
16 1 1/1 (100%3) 1/1 (100%5)
Proteus penneri
=0.03 | 1 | 1/1 (100%) | 1/1 (100%%)
Providencia retfigeri
=0.03 | 1 | 1/1 (100%) | 1/1 (100%%)
Protfeus viulgaris group
= 0.03 [ 1 [ 1/1 (100%) [ 1/1 (100%)
Saimonella group D
[ 1 [ 1/1 (100%%) [ 1/1 (100%)
Serratia marcescens
0.06 1 1/1 (100%3) 1/1 (100%6)
012 1 1/1 (100%a) 1/1 (100%)
025 1 1/1 (100%4) 1/1 (100%a)
Total 91 55/91 (93.4%%) 85/91 (93.4%%)

Abbreviations: cSS5I = complicated skin and skin structure infection; MIC = minimally inhibitory concentration.
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The activity of ceftaroline against P. aeruginosa is shown in Table 89.

Table 89 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Aztreonam against
Pseudomonas aeruginosa Clinical Isolates from Skin Infections in ¢SSSI Studies P903-06 and P903-07 Combined

) Clinical Success Microbiological Success
gg?:;’::‘fjﬂff’ MIC N (cefraroline-rreated) (Eradicated/Presumed Eradicated
N (%) N (%)
4 3/4 (75.0%) 3/4(75.0%)
2 7 /T (100%) 6/7 (85.7%)
16 2 2/2 (100%) 2/2 (100%)
=16 3 2/3 (66.7%) 2/3(66.7%)
Total 16 14/16 (87.5%) 13/16 (81.3%)
| Actreomnam MIC Clinical Success (vancomycin _‘I{..’:'c'robiolagica.’ .Sncces_s
r’,;:g"}nL) plus n:rre'fnf (.‘H,! -freated) (Eradic med:?rfsvn Hf ed Eradicated
n/N (%) 1N (%)
1 0/1 (0%) 0/1 (0%a)
[ 6/6 (100%) 6/6 (100%)
2 3 3/3 (100%) 3/3 (100%)
16 3 3/3 (100%) 3/3 (100%)
32 2 2/2 (100%) 2/2 (100%)
- 32 2 2/2 (100%) 2/2 (100%)
Total 17 16/17 (94.1%) 16/17 (54.1%)

Abbreviations: cSS5I = complicated skin and skin structure infection: MIC = minimally inhibitery concentration.

There were very few anaerobes encountered in Study P903-06 and P903-07, the clinical and microbiological
success rates are shown in Table 90. However, due to the small numbers, no conclusions can be made.

Table 90 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Anaerobes from Skin
Infections in ¢SSSI Studies P903-06 and P903-07 Combined

- Microbiological Success
Clinical Snuccess o

f eft tm}jfﬂe MIC N iy (Eradicated/Presumed Eradicated
‘g n/N (%) wN (%)

Gram-positive

Finegoldia magna

0.25 2

2/2 (100%) 2/2 (100%)

Peptostreptococcus micros

0.12 L

1/1 (100%)
1/1 (100%%)

1/1 (100%)
1/1 (100%)

0.25 1

Gram-negative

Bacteriodes fragiiis

8 1 1/1 (100%) 1/1 (100%)
16 1 1/1 (100%) 1/1 (100%)
=132 1 0/1 (0%) 0/1 (0%)

Abbreviations: ¢S551 = complicated skin and skin stmucture mfection: MIC = munimally inhibitory concentration.

Community Acquired Pneumoniae (Study P903-08 and P903-09)

Along with the ¢SSSI studies, ceftaroline was evaluated in two pivotal studies P903-08 (Study P903-08, 2009)
and P903-09 (Study P903-09, 2009) conducted in 1240 subjects with community-acquired bacterial pneumonia
(CABP). The dosage regimen for ceftaroline fosamil in both Phase 3 CABP studies was 600 mg q12h as a 1-
hour IV infusion for treatment duration of 5 to 7 days. TOC was scheduled to occur 8 to 15 days after the last
dose of study medication in the Phase 3 CABP Studies.
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These two pivotal studies are global, multicenter, randomized, double-blinded, well-controlled studies
conducted using identical protocols, with the exception of the use of, and criteria related to the use of,
adjunctive clarithromycin therapy. The visit schedule, subject population, length of therapy, efficacy endpoints,
and statistical considerations in each study are consistent with the US FDA Guidance for Industry for CABP
(US FDA, 1998 July). For both studies, the primary efficacy parameter used was the clinical cure rate at TOC.
The investigator using prospective definitions in the protocols did by-subject clinical outcome assessment.

Treatment Administered

In the ceftaroline group, ceftaroline fosamil 600 mg was administered by IV infusion over 60 minutes q12h.
The dose was split into two consecutive 30-minute infusions to maintain the blind. The dose, on occasion, was
adjusted to 400 mg q12h for subjects with moderate renal impairment as defined by a CrCl of greater that 30
mL/min but less than or equal to 50 mL/min.

In the active-comparator group, ceftriaxone was administered based on the approved Rocephin label
recommendation (Rocephin [ceftriaxone sodium] package insert, 2004), which was 1 g IV infused over 30
minutes q24h. A 30-minute IV saline placebo to maintain the blind followed the dose.

The duration of study treatment was 5 to 7 days. During the initial 24 hours on study, all subjects in both
treatment groups received adjunctive therapy which consisted of two oral doses of clarithromycin, at 500 mg
each. Subjects were evaluated for efficacy at EOT, at TOC and, for those who were clinically cured at TOC, for
persistence of clinical efficacy at LFU. For the purpose of analysis, TOC was defined as 8 to 15 days after EOT,
and LFU was defined as 21 to 35 days after EOT.

Key Inclusion and Exclusion Criteria
Key inclusion criteria included:

» Adults aged 18 years or older with acute onset (= 7 days’ duration) of CABP confirmed by radiograph or
computed tomography (CT) scan

* At least three of seven predefined clinical signs or symptoms consistent with lower respiratory tract infection
* PORT Risk Class III or IV, thus requiring treatment with IV antimicrobials in a hospital, emergency room, or
urgent care setting.

PORT scores were determined and the scores were used to classify subjects into five PORT Risk Classes.
PORT Risk Class I represents subjects with the lowest risk for mortality and PORT Risk Class V represents
subjects with the highest risk for mortality. Subjects with a PORT Risk Class of I or V were excluded in the
original Phase 3 CABP protocols; this criterion was expanded to also exclude subjects in PORT Risk Class II at
protocol Amendment 2. Randomization was stratified according to PORT Risk Class; subjects in PORT Risk
Class III comprised one stratum and subjects in PORT Risk Class IV comprised the other stratum.
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Key exclusion criteria included:

* Respiratory infection with confirmed or suspected to be attributable to sources other than community-acquired
bacterial pathogens including ventilator-associated, hospital-acquired, healthcare-associated

* Noninfectious causes (eg, cancer, aspiration)

» Pathogens that ceftaroline or ceftriaxone were unlikely to effectively treat such as P. aeruginosa, MRSA, or
atypical organisms alone (eg, M. pneumoniae, C. pneumoniae, Legionella spp.)

* CABP that required treatment in an ICU setting

* Receipt of more than a single dose of oral or IV short-acting antimicrobial for the treatment of CABP within
96 hours before randomization, unless there was unequivocal clinical evidence of treatment failure after at least
48 hours of the prior systemic antimicrobial therapy, and isolation of an organism that was resistant to that
therapy.

Microbiology and Laboratory Testing

Sputum specimens (and pleural fluid if medically indicated) were collected by deep expectoration at baseline
and study Days 1 - 6, and at End-of-Therapy (EOT) and Test-of-Cure (TOC) if the subject was deemed a
clinical failure. Sputum induction (eg, via nebulization) was performed by appropriately trained personnel.
Sputum samples were considered adequate and acceptable for processing if the sputum Gram stain revealed the
presence of WBCs and is less than or equal to 10 squamous epithelial cells under low-power magnification. If
the sputum Gram stain revealed greater than or equal to 11 squamous epithelial cells under low-power
magnification, regardless of whether WBCs were present, the investigator was asked to obtain an additional
specimen. All sputum specimens were transported to a local or regional laboratory for culture and antimicrobial
susceptibility testing. All cultured isolates were then shipped to the central laboratory for identification
confirmation (genus and species) and antimicrobial susceptibility testing.

The following organisms were considered sputum contaminants, rather than primary pathogens of CABP, and
were not sent to the central laboratory for confirmation of organism identity and susceptibility: Fungi (yeast and
molds, e.g., Candida spp. and Aspergillus spp.); however, these isolates were sent if there was evidence of a
secondary fungal infection, Enterococcus spp. or Group D streptococci, Viridans streptococci, Coagulase-
negative staphylococci, Micrococcus spp., Neisseria spp. other than N. meningitidis or N. gonorrhoeae,
Corynebacterium spp. and other coryneforms, Lactobacillus spp., Vibrio spp., Capnocytophaga spp.,
Cardiobacterium spp., Flavobacterium spp.

Pleural fluid samples for culture, Gram stain, and susceptibility testing were obtained as medically indicated
during the study (from baseline to EOT). When pleural fluid cultures were required, fluid was collected on one
aerobic blood culture bottle and one anaerobic blood culture bottle, for a total of two bottles. Culture and
susceptibility testing were performed at the local or regional laboratory, as applicable, and all isolates were sent
on to the central laboratory of identification confirmation and antimicrobial susceptibility testing. The
microbiological procedures in this study were performed in concordance with the recommendations of the
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IDSA/ATS Guidelines for hospitalized subjects with CAP (Mandell et al, 2007). All baseline sputum samples
were evaluated from white blood cells and squamous epithelial cells (Table 2.5B and 2.6B).

Antimicrobial susceptibility testing was conducted using the CLSI reference broth microdilution method using
dried Sensititre MIC panels manufactured by Trek Diagnostics (Cleveland, OH). All isolates were tested for
their susceptibility to ceftaroline and comparator agents (ceftriaxone) using the Kirby Bauer disk diffusion
method in accordance with CLSI guidelines.

Blood for culture was also obtained at baseline and as medically indicated during the period of study drug
treatment (Day 1 to TOC). Blood cultures were repeated on receipt of a positive result until sterilization was
confirmed in those subjects with a positive result at baseline (i.e., the baseline blood culture grew an organism
other than those judged to be transient or resident flora). When blood cultures were required, one aerobic bottle
and one anaerobic bottle were obtained from two separate infection sites, for four bottles.

All blood culture specimens were transported to a local or regional laboratory for culture and antimicrobial
susceptibility testing. All cultured isolates were then shipped to the central laboratory for identification
confirmation (genus and species) and antimicrobial susceptibility testing. Antimicrobial susceptibility testing
was conducted using the CLSI reference broth microdilution method using dried Sensititre MIC panels
manufactured by Trek Diagnostics (Cleveland, OH). All isolates were tested for their susceptibility to
ceftaroline and comparator agents (ceftriaxone) using the Kirby Bauer disk diffusion method in accordance with
CLSI guidelines.

Blood samples were also collected at baseline and at Late Follow-up (LFU) for serology testing for atypical
respiratory pathogens. Urine samples were also collected at baseline for Legionella pneumophila serogroup 1
and Streptococcus pneumoniae antigen detection. All results for the Legionella antigen test were available prior
to enrollment since all subjects with a positive Legionella antigen test at baseline were excluded from
enrollment.

Efficacy Results Study P903-09 and -09:

The individual and pooled results of these two pivotal studies show that ceftaroline fosamil administered IV at a
dose of 600 mg every 12 hours (q12h) for 5 to 7 days is noninferior to ceftriaxone administered IV at a dose of
1 g (q24h) for 5 to 7 days for the treatment of CABP. The combined efficacy results for ceftaroline and
ceftriaxone for Study CABP P903-08 and -09 are shown in Table 91. The clinical cure rate at TOC in the CE
Population was 84.3% in the ceftaroline group compared with 77.7% in the ceftriaxone group; in the
Microbiological Evaluable Population, the clinical cure rate was 87.0% in the ceftaroline group and 81.0% in
the ceftriaxone group.
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Table 91 Summary of Integrated Clinical and Microbiological Success of Ceftaroline and Ceftriaxone in Adults with
Pneumonia in Studies CABP P903-08 and P903-09

Clinical Success af Test-of-Cure- Noninferiority (CE and MITT Populations)

Population C.:j,j*arma‘fne C‘ef{?’f’axc.:fze Difference” 0504 CF
N (%5) N (%)

CE 387/459 (84.3%) 349/449 (77.7%) 6.6 1.6,11.8

MITTE 479/580 (82.6%) 439/573 (76.6%) 6.0 14,107

Favorable® Micrabialogical Success at Test-af-Cure(ME and mMITT Populations)
ME 134/154 (87.0%) 119/147 (81.0%) 6.1 -2.3. 146

a  Difference = % cures in the ceftaroline group minus % cures in the cefiriaxone group.

b CIs were calculated using the Miettinen and Nurimen method without adjustment.

¢ Favorable responses included eradication and presumed eradication.

Abbreviations: CABP = community acquired bacterial pneumonia; CE = clinically evaluable; ME = microbiologically
evaluable; MITT = modified intent-to-treat; mMITT = microbiological modified intent-to-treat;
MITTE = modified intent-to-treat efficacy; mMITTE = microbiological modified intent-to-treat efficacy

The combined clinical and microbiological success rates by baseline pathogen from the primary infection site or
blood at TOC are shown in Table 92. For S pneumoniae, the microbiological success rates were 87.3% and
72.9% for ceftaroline and ceftriaxone, respectively. For MDRSP, the clinical success for ceftaroline was 100%
(4/4) and 25% (1/4) for ceftriaxone. For S aureus, the clinical success rates were 72% (18/25) for ceftaroline
and 55.6% (15/27) for ceftriaxone with microbiological success rates of 76% for ceftaroline and 70.4% for
ceftriaxone.

For the Enterobacteriaceae, the microbiological success rates for ceftaroline for key pathogens were E. coli
(83.3%), K. oxytoca (83.3%), and K. pneumoniae (100%). Overall, the success rates for ceftaroline were similar
to those observed for ceftriaxone, suggesting that ceftaroline offers potential as a monotherapy for treating
CABP caused by both gram-positive and gram-negative pathogens. The clinical success rates for ceftaroline and
the nonfermenting gram-negative bacilli were low, 33.3%, for P. aeruginosa with a microbiological success rate
of 66.7%. For H. influenzae, both rates were 83.3% (15/18) for ceftaroline and 85% (17/20) for ceftriaxone. For
Moraxella catarrhalis, the clinical and microbiological success rates were 66.7% (2/3) for ceftaroline and 100%
(2/2) for ceftriaxone.
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Table 92 Clinical and Microbiological Success by Baseline Pathogen at TOC (ME Population) in CABP Studies P903-08 and
P903-09

Microbiological Success at TOC
Visit by Baseline Pathogen
(ME Population)

Clinical Success at TOC
Visit by Baseline Pathogen

Baseline Pathogen (ME Population)

Ceftaroline
N (2a)

Ceftriaxone
N (2e)

Ceftarcline
N (%)

Ceftriaxone
N (%)

Gram-positive aerobes

Streptococcus pneumoniae

54/63 (85.7%)

41/59 (69.5%)

55/63 (87.3%)

43/59 (72.9%)

MDRSP

4/4 (100%)

1/4 (25.0%)

4/4 (100%)

2/4 (50.0%)

Non-MDRSP

28/34 (82.4%)

18/24 (75.0%)

30/34 (88.2%)

18/24 (75.0%)

Pemcillin-suscepiible

31/37 (83.3%)

19/28 (67.9%)

33/37 (89.2%)

20/28 (71.4%)

Penicillin-intermediate

1/1 (100%)

1/1 (100%)

Streptococcus agalactiae

1/1 (100%)

1/1 (100%)

Staphyviococcus aurens

18/25 (72.0%)

15/27 (55.6%)

19/25 (76.0%)

19/27 (70.4%)

MRSA

1/2 (50.0%)

1/2 (50.0%)

MSSA

18/25 (72.0%)

14/25 (56.0%)

19/25 (76.0%)

18/25 (72.0%)

Gram-negative aerobes

Enterobacreriaceae

C'J'rroﬁ‘)a?z‘erﬁ'eundﬁ 1/1 (100%) 1/1 (100%)

complex
Citrobacter kosert 2/2 (100%) 1/1 (100%) 2/2 (100%) 1/1 (100%)
Enterobacier aerogenes 1/2 (50.0%) 2/2 (100%) 2/2 (100%) 2/2 (100%)
Enrerobacrer cloacae 77 (100%) 9/12 (75.0%) 77 (100%) 10/12 (83.3%%)
Escherichia coli 10/12 (83.3%) 9/12 (75.0%) 10/12 (83.3%) 11/12 (91.7%)
Klebsiella oxytoca 5/6 (83.3%) 7/8 (87.5%) 5/6 (83.3%) 8/8 (100%)
Klebsiella pnewmoniae 13/13 (100%:) 10/12 (83.3%) 13/13 (100%:) 10/12 (83.3%)
Proteus mirabifis 2/3 (66.7%) 2/3 (66.7%)
Serratia liguefaciens 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Serraria marcescens 3/3 (100%) 2/3 (66.7%) 3/3 (100%) 273 (66.7%)

Nonfermenting gram-negative bacilli
Pseudomonas aeruginosa | 1/3 (33.3%) | 0/2 (0%) [ 2/3(66.7%) | 0/2 (0%)

Microbiological Success at TOC
Visit by Baseline Pathogen

Clinical Success at TOC
Visit by Baseline Pathogen

Buaseline Pathogen (ME Population) (ME Population)
Ceftaroline Ceftriaxene Ceftaroline Ceftriaxone
nN (%) N (%) n/ (%) nN (%)

Other gram-negatives

Haemophilus influenzae

15/18 (83.3%)

17/20 (85.0%)

15/18 (83.3%)

17/20 (85.0%)

Haemophilus haemolyticus

1/1 (100%)

1/1 (100%)

Haemophilus
parahaemolyticus

2/3 (66.7%)

2/2 (100%)

2/3 (66.7%)

2/2 (100%)

Huaemophilus parainfluenzae

16/16 (100%)

15/17 (88.2%)

16/16 (100%)

16/17 (94.1%)

Movraxella catarvhalis

2/3 (66.7%)

2/2 (100%)

2/3 (66.7%)

2/2 (100%)

Abbreviations: CABP = community acquired bacterial pneumomnia; MDRSP = Mult Drug Resistant 5. preumoniae;
ME = Microbiologically Evaluable; MESA = Methicillin Resistant 5. aurens; MSSA =Methicillin Susceptible
5. aurens: TOC = Test-of-cure.

The integrated clinical and microbiological success by baseline pathogen from subjects with monomicrobial
infections at TOC in the ME population is shown in Table 93. For S. pneumoniae and S. aureus, the ceftaroline
microbiological success rates were 88.6% and 80%, respectively. Among the limited numbers of
Enterobacteriaceae, a 100% ceftaroline success rates were observed for E. coli (8/8) and K. pneumoniae (6/6)
and 75% (3/4) for K. oxytoca. The ceftaroline microbiological success rate was 77.8% (7/9) for H. influenzae
and 100% (10/10) for H. parainfluenzae.
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Table 93 Clinical and Microbiological Success by Baseline Pathogen from Subjects with Monomicrobial Infections at TOC

(ME Population) in CABP Studies P903-08 and P903-09

Baseline Pathogen

Clinical Success aif TOC Visit by
Baseline Pathogen
(ME Poprnlilation)

Microbiological Success af TOC
Visit by Baseline Pathrogen
(ME Popnlation)

Ceftaroline
1N (%a)

Ceftriaxone
/N (Za)

Ceftaroiine
ndN (%a)

Ceftriaxone
niN (2a)

Gram-positive aerobes

Streprococcns pnenmoniae

39/44 (B6.6%)

27/38 (71.1%)

39/44 (88.6%) 28/38 (73.7%)

LDRSP

3/3 (100%)

1/2 (50.0%)

3/3 (100%) 2/2 (100%)

Non-MDRESP

18/20 (90.0%)

13/17 (76.5%)

19/20 (95.0%) 13/17 (76.5%)

Penicillin-susceptible

21723 (91.3%)

14/19 (73 7%)

22/23 (95 7%) 15/19 (78.9%)

Streprococcus agalaciiae

1/1 (100%)

1/1 (100%)

Sraphiyviococcnus anrens

11715 (73.325)

5/12 (41.7%%)

12715 (80.0%&) T/12 (58 3%a)

LMRSA

1/2 (50.0%)

1/2 (50.0%)

MMSSA

11/15 (73.3%)

4/10 (40.0%)

12/15 (80.0%) 6/10 (60.0%)

Gram-negative aerobes

Enterobacteriaceae

Citrobacter koseri 1/1 {100%:) 1/1 {100%35)
Enrerobacier agrogenes 0/1 (0%a) 171 (100%) 1/1 (100%) 171 (100%4)
Enrerobacrer cloacae 474 (100%:) 4/4 (100%) 4/4 (100%:) 4/4 (100%%)
Escherichia coli 8/8 (100%) 6/6 (100%) 8/8 (100%) 6/6 (100%)
Klebsiella oxytoca 3/4 (75.0%) 5/5 (100%) 3/4 (75.0%) 5/5 (100%46)
Kiebsiella pnewmoniae 6/6 (100°%3) 5/6 (83.3%:) 6/6 (100°%3) 5/6 (83.3%:)
Proteus mirabilis 1/1 (100%) 1/1 (100%a)
Serratia marcescens 272 (100%:) 2/2 (100%:)
Nonfermenting gram-negative bacilli
Pseudomonas aeruginosa | 22ae0ee | 1100 | 12(50.0%) | 0/1 (0%)
Other gram-negatives
Haemophilus influenzae T/9 (77.8%) 14/15 (93.3%0) 79 (F7.8%) 14/15 (93 .3%)
Haemaphilus haemolyricus 1/1 {100%:) 1/1 {100%3)
Haemophilus 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)

parahaemolvricus

10/10 (100%:) 10/11 (90.9%%) 10/10 (100%) 10/11 (90.9%)
1/1 (100%) 2/2 (100%) 1/1 {100%:) 2/2 (100%a)
Abbreviations: CABP = community acquired bacterial pneumonia: MIC = minimal inhibitory concentration;
TOC = test-of-cure.

Haemophilus parainfluenzae

Moraxella cartarrhalis

Combined success rates by baseline pathogens from subjects with polymicrobial infections are shown in Table
94. The microbiological success rates for S pneumoniae were 84.2% (16/19) for ceftaroline and 71.4% (15/21)
for ceftriaxone and for S aureus was 70.0% (7/10) for ceftaroline and 80% (12/15) for ceftriaxone.
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Table 94 Clinical and Microbiological Success by Baseline Pathogen from Subjects with Polymicrobial Infections at TOC (ME
Population) in CABP Studies P903-08 and P903-09

Clinical Success at TOC Visit by

Microbielogical Success at TOC

n/N (%a)

N (2a)

n/N (25)

Baseline Pathogen Visir by Baseline Pathogen
Baseline Pathogen (ME Population) (ME Population)
Ceftaroline Cefiriaxone Ceftaraline Ceftriaxone

nN (%)

Gram-positive aerobes

Streptococcus pnenmoniae 15/19 (78.9%) 14/21 (66.7%) 16/19 (84.2%) 15/21 (71.4%)
MDRSP 1/1 (100%) 0/2 (0%) 1/1 (100%) 0/2 (0%)
Non-MDRSP 10/14 (71 4%) 5/7 (71.4%) 11/14 (78.6%) 5/7 (71.4%)
Penicillin-susceptible 10/14 (71.4%) 5/9 (55.6%) 11/14 (78.6%0) 5/9(55.6%)

Staphylococcus aureus 7/10 (70.0%) 10/15 (66/7%) 7/10 (70.0%) 12/15 (80.0%)
MSSA 7/10 (70.0%) 10/15 (66/7%) 7/10 (70.0%) 12/15 (80.0%)

Gram-negative aerobes

Enrerobacteriaceae

C'J’I?o.-’fafz‘erﬁ'eunn’ﬁ 1/1 (100%) 1/1 (100%)

compilex
Citrobacter koseri 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Enterobacter nerogenes 1/1 (100%:) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Enterobacier cloacae 3/3 (100%) 5/8 (62.5%) 3/3 (100%) 6/8 (75.0%)
Escherichia coli 2/4 (50.0%) 3/6 (50.0%) 2/4 (50%) 5/6 (83.3%)
Klebsiella oxytoca 2/2 (100%) 2/3 (66.7%) 2/2 (100%) 3/3 (100%)
Klebsiella pnewmoniae 77 (100%) 5/6 (83.3%) T/7 (100%) 5/6 (83.3%)
Proteus mirabilis 2/2 (100%:) 2/2 {100%)

Serratia liguefaciens 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)
Serratia marcescens 1/1 (100%:) 2/3 (66.7%) 1/1 (100%) 1/1 (100%)
Nonfermenting gram-negative bacilli
Pseudomonas aeruginosa | 1/1(100%) | 0/1 (0%) | 11qo0e) | 0/1 (0%)
Other gram-negatives

Haemoaphilus influenzae 8/9 (88.9%) 3/5 (60.0%) 8/9 (88.9%) 3/5 (60.0%)

ﬁjﬁ:i‘;;:ﬁfnm: 1/2 (50.0%) 1/1 (100%) 1/2 (50.0%) 171 (100%)

Haemophilus parainfluenzae 6/6 (100%) 5/6 (83.3%) 6/6 (100%) 5/6(83.3%)

Moraxella catarrhalis 1/2 (50%) 1/2 (50%)

Abbreviations: CABP = comumumnity acquired bacterial pneumeonia; MDESP = multidmug-resistant Sireprecoccus
preumoniae, Non-MDRSP = non mmltidmug-resistant Strepfococcus pnewmoniae; WE = microbiologically
evaluable; MSSA = methicillin susceptible Srapinilococcus aureus; TOC = test-of-cure.

Correlation of Microbiological and Clinical Response with In Vitro Susceptibility Test Results

The combined clinical and microbiological eradication rates for ceftaroline and ceftriaxone against S
pneumoniae as a function of MIC are shown in Table 95. There were 36 S. pneumoniae isolates in the
ceftaroline treatment arm that had a range in MIC from < 0.015 to 0.12 mcg/mL. The Applicant reported 6
clinical and 5 microbiological failures associated with < 0.015 mcg/mL. There were 4 failures associated with a
MIC of 0.008 mcg/mL and 1 at 0.015 mcg/ml in the ceftriaxone treatment arm, MIC values for S. pneumoniae
ranged from < 0.015 to 2 mcg/mL for the 28 ceftriaxone-treated subjects. There were 9 clinical and 8
microbiological failures, where 5 microbiological failures were associated with <0.015 mcg/mL, 1 at 0.03
mcg/mL, 1 at 0.06 mcg/mL, and 1 at 0.5 mcg/mL.
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Table 95 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

Ceftaroline MIC (ug/mL) N Clinical Success /N (%) (Eradic a;:;;ff:ﬂiﬁf:;gi::;z?{:; AN (%)
= 0.004 4 4/4 (100.0%) 4/4 (100.0%)
0.008 20 16/20 (80.0%) 16/20 (80.0%)
0.015 8 6/8 (75.0%) 7/8 (87.5%)
0.03 2 2/2 (100.0%) 2/2 (100.0%)
0.06 1 1/1 (100.0%) 1/1 (100.0%)
0.25 1 1/1 (100.0%) 1/1 (100.0%)
Total 36 30/36 (83.3%) 31/36 (86.1%)
Ceftriaxone MIC (pug/mL)
=0.015 17 12/17 (70.6%) 12/17 (70.6%)
0.03 3 2/3 (66.7%) 2/3 (66.7%)
0.06 2 2/2 (100%) 2/2 (100%)
0.12 2 1/2 (50.0%) 2/2 (100%)
0.25 1 1/1 (100%) 1/1 (100%3)
0.5 1 0/1 (0%%) 0/1 (0%5)
1 1 1/1 (100%) 1/1 (100%3)
2 1 0/1 (09%) 0/1 (0%)
Total 28 19/28 (67.9%) 20028 (71.4%)

There were 4 isolates that were identified as multi-drug resistant S. pneumoniae (MDRSP). The designation
MDRSP applied to isolates resistant to two or more of the following antibiotics: penicillin (MIC > 2 pg/mL);
second-generation cephalosporins, eg, cefuroxime; macrolides, tetracyclines, chloramphenicol,
fluoroquinolones, and trimethoprim/sulfamethoxazole). Additional information with respect to resistance
concerning these organisms was not found. The MIC ranged from <0.015-0.12 mcg/mL and following
treatment, all were successfully treated with ceftaroline and presumed eradicated. Among the 4 MDR S
pneumoniae isolates in the ceftriaxone treatment group, only 2 were presumed eradicated (Table 96).

Table 96 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against MDR
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

~ Clinical Success N aticatea Premed.
n/N (%) Eradicated n/N (%)

Ceftaroline MIC (pg/mL.)

=0.015 2 2/2 (100%) 2/2 (100%)

0.03 1 1/1 (100%) 1/1 (100%%)

0.12 1 1/1 (100%:) 1/1 (100%)
Total 4 4/4 (100%) 4/4 (100%)
Ceftriaxone MIC (ug/mlL)

0.12 1 0/1 (0%8) 1/1 (100%)

0.5 1 0/1 (0%) 0/1 (0%)

1 1 1/1 (100%:) 1/1 (100%:)

2 1 0/1 (0%a) 0/1 {0%a)
Total 4 1/4 (25.0%%) 2/4 (50.0%)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minimal inhibitory concentration.
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Table 97 shows the combined clinical and microbiological response rate by MIC for ceftaroline and ceftriaxone
against non-MDR S pneumoniae. There were a total of 32 isolates for the ceftaroline-treated group, all with
81.3% (26/32) clinical and 87.5% (28/32) microbiological success. All 4 clinical and microbiological failures
occurred at an MIC < 0.015 mcg/mL. There were 24 isolates for the ceftriaxone-treated group with a clinical
and microbiology success of 75% (18/24). Five ceftriaxone microbiological failures occurred at an MIC of <
0.015 mcg/mL and 1 occurred at 0.03 mcg/mL.

Table 97 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against Non-MDR
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

Clmicar Success | Mirobiotogical Suecess
n/iN (%) Eradicated n-mN (%)

Ceftaroline MIC (ng/mL)

=0.015 32 26/32 (81.3%) 28/32 (B7.5%)
Total 32 26/32 (81.3%) 28/32 (87.5%)
Ceftriaxone MIC (ng/mlL)

=0.015 17 12/17 (70.6%) 12717 (70.6%)

0.03 3 2/3 (66.7%) 2/3 (66.7%)

0.06 2 2/2 (100%) 2/2 (100%:)

0.12 1 1/1 (100%) 1/1 (100%)

0.25 1 1/1 {100%) 1/1 (100%%)
Total 24 18/24 (75.0%) 18/24 (75.0%)

Abbreviations: CABP = community acquired bacterial pneumeonia; MDR = multi-dmg resistant; MIC = minimal
inhibitery concentration.

Table 98 shows the integrated clinical and microbiological response rates by MIC for ceftaroline and
ceftriaxone against penicillin-intermediate S. pneumoniae (PISP). There was only 1 isolate in the ceftaroline-
treated group with a penicillin MIC of 0.12 mcg/mL and 100% clinical and microbiological success. There were
no isolates from the ceftriaxone-treated group.

Table 98 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Penicillin-intermediate
Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

S Microbiological Success
Cl 15
Ceftaroline MIC (ug/mL) N nnrf\: :jcress (Eradicated/Presumed
w/N (%) Eradicated n/N (%)
0.12 1 1/1 (100%) 1/1 (100%)
Total 1 1/1 (100%) 1/1 (100%)

Abbreviations: CABP = community acquired bacterial pnevmonia; MIC = minimal inhibitory concentration.

Table 99 shows the activity of ceftaroline and comparator against penicillin-susceptible S. pneumoniae (PSSP)
isolates. A microbiological success rate of 88.6% (31/35) was reported in the ceftaroline treatment arm
compared with a 71.4 success rate for the comparator.
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Table 99 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against Penicillin-
susceptible Streptococcus pneumoniae in CABP Studies P903-08 and P903-09

Clinical Success Microbiological Success
N . (Eradicated/Presumed
N (%) Eradicared n/IV (%)
Ceftaroline MIC (pg/mL})
=0.015 34 28/34 (B2.4%) 30/34 (B8.2%)
0.03 1 1/1 {(100%a) 1/1 (100%)
Total 35 29/35 (B2.9%) 31/35 (B8.6%)
Ceftrinxone MIC (pg/mL)
=0.015 17 12/17 (70.6%) 12717 (70.6%)
0.03 3 2/3 (66.7%) 2/3 (66.7%)
0.06 2 2/2 (100%) 2/2 (100%)
0.12 2 1/2 (50.0%) 2/2 (100%)
0.25 1 11 {100%:) 1/1 (100%:)
0.5 1 0/1 (0%) 0/1 (0%)
1 1 1/1 {(100%a) 1/1 (100%)
2 1 0/1 (0%%) 0/1 (0%a)
Total 28 19/28 (67.9%) 20028 (71.4%)

Abbreviations: CABP = community acquired bacterial pneumonia: MIC = minimal inhibitory concentration.

Table 100 shows the clinical and microbiological response by MIC for ceftaroline and ceftriaxone against S
aureus. Of the 25 isolates identified in the ceftaroline treatment arm, 19 were eradicated for a success rate of
76%. Please note that all isolates in the ceftaroline treatment group were MSSA; none was identified as MRSA.
A similar success rate was observed in the ceftriaxone treated group.

Table 100 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against
Staphylococcus aureus in CABP Studies P903-08 and P903-09

Clinical Success Microbiological Success
N N (Eradicated/Presumed
N (%) Eradicated n/N (%)
Ceftaroline MIC (pg/mL)
0.12 3 2/3 (66.7%) 2/3 (66.7%)
025 21 16/21 (76.2%) 16/21 (76.2%)
0.5 1 0/1 (0%) 1/1 (100%6)
Total 25 18/25 (72.0%) 19425 (76.0%)
Ceftriaxone MIC (ng/mlL)
2 3 2/3 (66.7%) 2/3 (66.7%)
4 21 12/21 (57.1%) 16/21 (76.2%)
8 1 0/1 (0%) 0/1 (0%:)
3z 1 1/1 (100%) 1/1 {(100%)
Total 26 15/26 (57.7%) 19426 (73.1%%)

Abbreviations: CABP = comimunity acquired bacterial pneumonia; MIC = minimal inhibitory concentration.

Table 101 shows the response rates by MIC for ceftaroline and ceftriaxone against MRSA. There were no
isolates in the ceftaroline-treated group and 2 isolates in the ceftriaxone-treated group with a clinical and
microbiological success of 50% (1/2). The microbiological failure occurred at an MIC of 8§ mcg/mL.
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Table 101 Integrated Clinical and Microbiological Response Rates by MIC for Ceftriaxone against Methicillin-resistant
Staphylococcus aureus in CABP Studies P903-08 and P903-09

) Clinical Success Microbiological Success
Ceftriaxone MIC (ug/mL) N A (%) (Eradicated/Presumed
/N () Eradicated /N (%)
8 1 0/1 (0%) 0/1 (0%)
32 1 1/1 (100%) 1/1 (100%)
Total 2 1/2 (50.0%) 1/2 (50.0%)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minimal inhibitory concentration.

Table 102 shows the integrated clinical and microbiological response rates by MIC for ceftaroline and
ceftriaxone against Pseudomonas aeruginosa. There were only 2 isolates in the ceftaroline-treated group with
50% (1/2) clinical and microbiological success rate. The one ceftaroline microbiological failure occurred at an
MIC <4 mcg/mL. There were a total of 2 isolates for the ceftriaxone-treated group with a clinical and
microbiological success of 0% (0/2). One microbiological failure occurred at 2 mcg/mL and 1 at > 32 mcg/mL.

Table 102 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against
Pseudomonas aeruginosa in CABP Studies P903-08 and P903-09

Clinical Success Microbielogical Success
N (ceftaroline-treared) (Eradicated/Presumed
/N (%) Eradicated n/'N (%)
Ceftaroline MIC (ng/mL)

4 1 0/1 (0%) 0/1 (0%)

16 1 1/1 (100%) 1/1 (100%)
Total 2 1/2 (50.0%) 1/2 (50.0%)
Ceftriaxone MIC (ug/mL)

4 1 0/1 (0%) 0/1 (0%)

=32 1 0/1 (0%) 0/1 (0%)

Total 2 0/2 (0%) 0/2 (0%)

Abbreviations: CABP = commmmunity acquired bacterial pnenmeonia; MIC = minimal inhibitory concentration.

Table 103 and Table 104 show the combined clinical and microbiological response rates by MIC for ceftaroline
and ceftriaxone against Enterobacteriaceae. There were a total of 46 isolates for ceftaroline-treated group with
89.1% (41/46) clinical and 91.3% (42/46) microbiological success. For E. coli, 1 ceftaroline microbiological
failure occurred at an MIC 0.03 mcg/mL and 1 occurred at 0.12 mcg/mL. For P. mirabilis, 1 ceftaroline
microbiological failure occurred at an MIC 0.06 mcg/mL. There were a total of 52 isolates for ceftriaxone-
treated group with 80.8% (42/52) clinical and 88.5% (46/52) microbiological success. For E. cloacae, 1
ceftriaxone microbiological failure occurred at an MIC 0.06 mcg/mL, 1 at 0.25 mcg/mL, and 1 at 0.5 mcg/mL;
for E. coli, 2 ceftriaxone microbiological failures occurred at an MIC 0.06 mcg/mL; for K. pneumoniae, 2
ceftriaxone microbiological failures occurred at 0.06 mcg/mL; and for S marcescens, 1 microbiological failure
occurred at 0.25 mcg/mL.
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Table 103 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline against Enterobacteriaceae in
CABP Studies P903-08 and P903-09

i Climical Success Microbiological Success
Cefraroline MIC (ug/miL) N AN (%) (Errrdr'f:mem‘}’resjm{ed
Eradicated nW (%)
Cirrobacter koseri
0.06 | 1 | 1/1 (100%) | 1/1 (100%)
Entercobacter aerogenes
0.12 [ 1 [ 0/1 (0%) [ 1/1 (100%)
025 | 1 | 1/1 (0%) | 1/1 (0%)
Enterobacter cloacae
0.25 [ 4 [ 4/4 (100%) [ 4/4 (100%)
0.5 | 3 | 3/3 (100%) | 3/3 (100%)
scherichia coli

0.03 4 3/4 (75/0%) 3/4 (75/0%)
0.06 5 5/5 (100%) 5/5 (100%)
0.12 1 0/1 (0%) 0/1 (0%)
0.5 1 1/1 (100%) 1/1 (100%)
1 1 1/1 (100%) 1/1 (100%)
Klebsiella oxyvtoca
0.03 1 0/1 (0%%) 01 (0%)
0.06 3 3/3 (100%) 3/3 (100%)
0.25 2 2/2 (100%) 2/2 (100%)
Klebsiella pneumoniae
0.06 3 3/3 (100%) 3/3 (100%)
012 3 3/3 (100%) 3/3 (100%)
0.25 3 3/3 (100%) 3/3 (100%)
0.5 3 3/3 (100%) 3/3 (100%)
Proteus mirabilis

[ 2 [ 1/2 (50.0%) [ 1/2 (50.0%)

[ 1 [ 1/1 (100%) [ 1/1 (100%)

2 2/2 (100%) 2/2 (100%)

1 1 1/1 (100%) 1/1 (100%)
Total 46 41/46 (89.1%) 42/46 (91.3%)

Abbreviations: CABP = community acquired bacterial pnewmonia: MIC = minimal inhibitory concentration.

Table 104 Integrated Clinical and Microbiological Response Rates by MIC for Ceftriaxone against Enterobacteriaceae in
CABP Studies P903-08 and P903-09

Cefiriaxone MIC (ug mL) hG Clinical Success rE,alf-éﬁifﬁf;ﬁfiﬁﬁﬁgf};md
7N (%8) 2V (26)

Cirrabacter kosert

0.03 | 1 | 1/1 (100%%) | 1/1 (100%&)

Cirrobacter freundii complex

012 [ 1 | 1/1 (100%%) | 1/1 (100%4)

Enterobacier aerogenes

0.06 1 [ 1/1 (100°%%) [ 1/1 (100%%)

0.12 | 1 | 1/1 (100%%) | 1/1 (100%3)

Enrercbacrer cloacae

012 4 3/4 (75 0%) 374 (75 0%)

025 s 4/5 (80 0%) 5/5 (100%%)

0.5 3 2/3 (66 7%%) 2/3 (66.7%%)
scherichia celf

0.03 3 3/3 (100%%) 3/3 (100%a)

006 5/7 (71 4%6) 6/7 (85.7%)

0.12 1 1 (0%%) 1/1 (100%6)
- 32 1 1/1 (100%%) 1/1 (100%4)

Klebsiella oxytoca

=0015 1 1/1 (100%) 1/1 (100%)

0.03 1 1/1 (100%%) 1/1 (100°%)

006 s 5/6 (83 3%) 6/6 (100%)

Klebsiella pneumoniae

003 [ 2 2/2 (100%:) 2/2 (100%)

0.06 \ 10 2/10 (80.0%) 8/10 (80.0%)

Serratia liguafaciens

0.12 ‘ 1 1/1 (100%%) 1/1 {100%:)

Se

o. [ 3 [ 2/3 (66/7%%) [ 2/3 (66/7%%)

Total 52 | 42/52 (80.8%%) | 46/52 (88.5%)

Abbreviations: CABP = community acquired bacterial pneumonia: MIC = minimal inhibitory concentration
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Table 105 and Table 106 show the combined clinical and microbiological response rates by MIC for ceftaroline
and ceftriaxone against Haemophilus spp. The Applicant reported a total of 35 isolates in the ceftaroline-treated
group with 88.6% (31/35) clinical and 88.6% (31/35) microbiological success. Table 100 shows that there were
a total of 16 subjects with H. influenzae in the ceftaroline treatment group. Three ceftaroline microbiological
failures occurred at an MIC of < 0.008 mcg/mL for H. influenzae (Table 100). In the ceftriaxone-treated group,
there were 36 isolates with a clinical success of 91.7% (33/36) and 94.4% (34/36) microbiological success. One
microbiological failure occurred at 2 mcg/mL and 5 at 4 mcg/mL. For Haemophilus parainfluenzae, there were
15 isolates in both CABP study groups (P903-08 and P903-09) of those, 10 were presented as single infection
with a 100% presumed eradication rate. Five H. parainfluenzae isolates were present as mixed infection;
however, following treatment with ceftaroline, all were presumed eradicated.

Table 105 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against
Haemophilus spp. in CABP Studies P903-08 and P903-09

Ceftaroline MIC (ng/mL) N Cﬁ"irﬂ{ Success _‘?grr:(ﬁ;‘f?j;ﬁ:éf: ;f:c:’s
/N (%) Eradicated n/N (%)

Haemophilus influenzae

=0.015 13 10/132 (76.9%%) 10713 (76.9%%)

0.03 3 3/3 (100%) 3/3 (100%)

Haemophilus haemolyticus

=0.015 1 | 1/1 (100%) | 1/1 (100%)

Haemaphilus parahaemalyticus

=0.015 3 | 2/3 (66.7%) | 2/3 (66.7%)

Haemophilus parainfluenzae

=0.015 12 12/12 (100%) 12/12 (100%)

0.06 2 2/2 (100%) 2/2 (100%)

0.12 1 1/1 (100%) 1/1 (100%)

Total 35 31/35 (88.6%) 31/35 (88.6%0)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minimal inhibitory concentration.

- Microbiological Success
. Clinical Success
Ceftriaxone MIC (ug/mL) N N (% (Eradicated/Presumed
W (%) Eradicated n/IV (%)

Haemophilus influenzae

=0.015 17 15/17 (B8.2%) 15/17 (88.2%)
0.03 2 2/2 (100%) 2/2 (100%)
Haemaphilus parahaemolyticus

=0.015 2 2/2 (100%) ‘ 2/2 (100%)
Haemophilus parainfluenzae

=0.015 14 13/14(92.9%) 13/14 (92.9%)
0.06 1 1/2 (50.0%) 2/2 (100%)
Total 36 33/36 (91.7%) 34/36 (94.4%)

Abbreviations: CABP = community acquired bacterial pnevmonia; MIC = minimal inhibitory concentration.
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Table 106 Clinical and Microbiological Success by Ceftaroline MIC against Haemophilus influenzae from CABP Studies
P903-08 and P903-09 Combined

Ceftaroline MIC (ug/mL) N | Clinical Snuccess n/N (%) (Era mrmr:iff::::f:;i::;ﬁi} WN (%)
= 0.008 8 5/8 (62.5%) 5/8 (62.5%)

0.015 5 5/5 (100.0%) 5/5 (100.0%)

0.03 3 3/3 (100.0%) 3/3 (100.0%)

Total 16 13/16 (81.2%) 13/16 (81.2%)

Abbreviations: CABP = communify acquired bacterial pneumonia; MIC = minimal inhibitory concentration.

Table 107 shows the integrated clinical and microbiological response rates by MIC for ceftaroline and
ceftriaxone against M. catarrhalis. There were 3 isolates for the ceftaroline-treated group with 66.7% (31/35)
clinical and microbiological success. One ceftaroline microbiological failure occurred at an MIC < 0.06
mcg/mL.

Table 107 Integrated Clinical and Microbiological Response Rates by MIC for Ceftaroline and Ceftriaxone against Moraxella
catarrhalis in CABP Studies P903-08 and P903-09
Clinical Success

N (ceftaroline-treated)
N (%)

Microbielogical Success
(Eradicated/Presumed
Eradicated n/IN (%)

Ceftaroline MIC (ng/mL)

0.06 1 0/1 (0%) 0/1 (0%a)
012 2 2/2 (100%) 2/2 (100%)
Total 3 2/3 (66.7%%) 2/3 (66.7%)
Ceftriaxone MIC (ng/mL)

0.5 2 2/2 (100%) 2/2 (100%)
Total 2 2/2 (100%) 2/2 (100%)

Abbreviations: CABP = community acquired bacterial pneumonia; MIC = minsmal inhibitory concentration.

Disk diffusion (Combined cSSSI and CABP studies):

All Phase 3 clinical isolates of S aureus were also tested for their susceptibility to ceftaroline using the disk
diffusion method with 30-pg disks. There were 395 isolates with available disk diffusion results; clinical and
microbiological response rates by zone diameter are shown in Table 108. The zone diameters ranged from 7
mm to > 40 mm. The single isolate with a zone diameter of 7 mm was subsequently found to be an aberrant
result that did not repeat in follow-up testing. The results show that clinical and microbiological failures were
associated with zone diameters that were also evenly distributed across the range. Figure 14 shows the zone
diameter distribution histogram for ceftaroline and Phase 3 clinical isolates of S aureus.
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Table 108 Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for all Phase 3 Clinical Isolates of
Staphylococcus aureus

(Zone af Inhibition A Clinical Success Micrebielogical Success:
(mem) - N (%) EradicaredPresnumed Eradicared (%)
7 1 0/1 {0) 0/1 {0}
22 2 12 (500 172 (500
23 7 6/7 (85.7)
24 4 4/4 (100)
25 G 66 (100 6/6 (100}
26 18 16/18 (88.9) 16/18 (88.9)
27 25 25/25 (100) 25/25 (100)
28 20 28/29 (96.6) 28/29 (96.6)
29 30 27/30 (90.0) 28/30 (93.3)
30 30 36/39 (92.3) 36/39 (92.3)
31 31 20731 (93.5) 20/31 (93.5)
32 47 46/47 (97.9) 46/47 (0790
33 35 33/35 (94.3) 33/35 (94.3)
34 37 32/37 (86.5) 33/37 (89.2)
35 30 27730 (90.9) 27730 (90.0)
36 17 15/17 (88.2) 16/17 (94.1)
37 12 11/12 {91.7) 11/12 (91.7)
3s 4 4/4 (100)
3o 10 9/10 (90)
o g 7/8 (87.5)
41 2 2/2 {100}
42 1 1/1 (1000

The disk diffusion zone diameter distributions for ceftaroline and the 37 isolates are shown in Table 109. The
zone diameters ranged from 31 to > 40 mm; clinical failures were associated with isolates with zone diameters
that ranged from 37 to >40 mm. There were four isolates of MDR S pneumoniae that were resistant to multiple
antibiotic classes; [(MDRSP) was defined as resistance to two or more classes of antibiotics, including
penicillin, macrolides, tetracycline, fluoroquinolones, chloramphenicol, trimethoprim/sulfamethoxazole and
second-generation cephalosporins]. The ceftaroline MICs for the MDRSP isolates ranged from < 0.015 to 0.12
mcg/mL, and all four isolates were from subjects who had successful clinical and microbiological outcomes.

Table 109 Combined Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline and All Phase 3
Clinical Isolates of Streptococcus pneumoniae from Ceftaroline-treated Subjects

ﬁf;ﬁ;ﬁﬂ N ('ﬁm’rfﬂ{ .S‘:{cc‘ess Microbiological Sm'c':?ss: En:;h'mrerf.—?resmuerf
(mm) N (%) Eradicated (%)
31 2 2/2(100) 2/2(100)

32 1 171 (100) 1/1 {100}
34 3 3/3 (100) 3/3 (1000
36 3 3/3 (100) 3/3 (100}
37 5 4/5(80) '5 0

38 5 3/5 (80)

30 4 3/4 (7500 3/4(75.00
40 1 /1 (100 171 (100}

41 5 4/5 (B0.0) 5/5 (100}

42 3 2/3 (66.7) 2/3(66.7)
43 2 2/2 (100) 2/2 ({100}
+3 2 2/2 (100) 2/2(100)

45 1 171 (100) 1/1 {100}
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The ceftaroline zone diameter distributions and the 56 isolates of S pyogenes from ceftaroline-treated subjects
are shown in Table 110. The zone diameter for the isolates ranged from 24 to > 40 mm.

Table 110 Integrated Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline and all Phase 3
Clinical Isolates of Streptococcus pyogenes from Ceftaroline-treated Subjects

Zﬂ”.g gf N Clinical § N (%) Microbiological Success:
ﬁ;!:fman : FRHICAl SHCCESS AN (7o) Eradicated/Presumed Eradicated (%)
24 1 1/1 (100) 1/1 (100}

28 2 2/2 (100) 2/2 (100

30 2 2/2 (100} 2/2 {1000

31 2 2/2 (100} 2/2 {1000

32 2 2/2 (100} 2/2 {1000

33 7 7/7 (100) 7/7 (100)

34 6 6/6 (100) 6/6 (1007

35 10 10/10 (100) 10/10 (1000

36 8 8/8 (100} 8/8 (1000

37 5 5/5 (100} 5/5 (100)

3g 7 7/7 (100) 7/7 (100)

30 1 1/1 (100) 1/1 (100}

= 40 4 4/4 (100} 4/4 {1000

The ceftaroline zone diameters for clinical isolates of S. agalactiae ranged from 30 to 39 mm and are shown in
Table 111.

Table 111 Integrated Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline and all Phase 3
Clinical Isolates of Streptococcus agalactiae from Ceftaroline-treated Subjects

ﬁ;:jj;;{;m N Clinical Snccess Microbiolegical Success: Eradicated/Presumed
(mm) : N (%) Eradicated (%)
30 3 3/3 (100) 3/3 (100)

31 P 2/2 (100) 2/2 (100)

32 4 4/4 (100) 3/4 (75)

33 4 4/4 (100) 4/4 (100)
34 2 2/2 (100) 2/2 (100)
35 2 272 (100) 2/2(100)

37 2 172 (50) 2 (50)
38 1 1/1 (100) 1/1 (100)
30 1 1/1 (100) 1/1 (100)

Table 112 shows the zone diameters for ceftaroline and S. dysgalactiae; zone diameters ranged from 25 to 35
mm.
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Table 112 Combined Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline and all Phase 3
Clinical Isolates of Streptococcus dysgalactiae from Ceftaroline-treated Subjects

ZrJr.ile rJf i Clinical Success Microbiological .Sncces_s.' Errfdifa:ed-’?resumerﬁ
Inliibition N . Eradicated)

(mm) N (%) N (%)

25 2 2/2 (100 2/2 (100)

27 2 2/2 {100) 2/2 (100)

28 1 1/1 (100) 171 (100)

31 1 1/1 (100) 171 (100)

32 4 474 (100) 4/4 (100)

34 1 1/1 (100) 171 (100)

35 1 1/1 (100) 171 (100)

142 baseline isolates of Enterobacteriaceae with antimicrobial susceptibility test results were available from
ceftaroline-treated subjects in the four Phase 3 clinical studies. However, the clinical and microbiological
response rates by disk diffusion zone diameter are available for 125 Enterobacteriaceae from ceftaroline treated
subjects (Table (113).

Table 113 Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline Against all Phase 3 Clinical
Isolates of Enterobacteriaceae from Ceftaroline-treated Subjects

Ceftaroline zone N Clinical Success Microbiological Success:
diameter (mimn) N N (%) Eradicated/Presumed Eradicared n/N (%)
Cifrobacter freundii complex

6 1 1/1 (100) 1/1 (100)

27 1 1/1 (100) 1/1 (100)

31 1 1/ (100) 1/1 (100)
Citrobacter koseri

29 1 1/1 (100) 1/1 (100)

34 1 1/1 (100) 1/1 (100)
Ceftaroline zone | e ‘ Clinical Success Microbiological Success:
diamerer (mm) - AN (2a) Eradicared/Presumed Eradicared n/N (%)
| Enterobacrer asrogenas

27 1 1/1 (100}

28 1 1/1 (100}

29 1 1/1 (100}
(Enterobacter cloacae

25 1 1/1 (100}

26 1 1/1 (100}

27 3

28 2

290 2

30 2

31 1 1/1 (100}
| Ezcherichia colf

] 1 1/1 (100}

25 2 1/2 (50)

26 1 1/1 (100}

27 1 1/1 (100}

28 1 1/1 (100}

20 5 4/5 (80)

30 8 8/8 (100)

31 =1 3/5 (100}

3z 4 3/4 (75)

33 3 3/3 (100}

35 2 2/2 {100}
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Ceftaroline zone ‘ IS ‘ Clinical Success Microbiological Success:
diameter (mm) N (%) EradicatedPresumed Eradicated nN (%)
(Klebsiella oxytoca
24 1 1/1 (100}
26 1 1/1 (100}
28 1 1/1 (100}
20 2 2/2 (100}
3o 3 ( ) 3/3 (100}
31 4 3/4(75) 4/4 (100)
32 2 2/2 (100) 2/2 (100}
33 2 1/2 (50 12 (50)
34 1 1/1 (100} 1/1 {100}
(Kiebsielln pnewmoniae
6 1 1/1 (1003 1/1 {100}
11 1 1/1 (100} 1/1 (100}
26 2 2/2 (100) 2/2 (100}
27 4 4/4 (100) 44 (100}
28 5 /5 (100) 5/5 (100)
20 g 8/8 (1000 8/8 (100}
30 7 6/7 (85.7) 6/7(85.7)
3z 2 2/2 (100) 2/2 (100}
(Morganalla morganif
8 1 1/1 (100} 1/1 (100}
10 1 1/1 {1007 1/1 (100}
16 1 1/1 {1007 1/1 (100}
24 1 1/1 (100} 1/1 (100}
28 1 0/1 (0) 0/1 (0
29 1 1/1 (100} 1/1 (100}
30 4 4/4 (100) 44 (100}
31 1 1/1 (1003 1/1 {100}
Ceftaroline zone N Clinical Snccess Microbiological Success:
diamerer (mm) - N (%) EradicaredPresumed Eradicared nN (%)
[Prareus mirabilis
10 1 0/1 (0) 0/1 (0
12 1 1/1 (1003 1/1 {1003
13 1 1/1 (1003 1/1 {1003
20 1 0/1 () 0/1 (00
21 2 172 (30) 1/2 (50)
24 1 1/1 (100} 1/1 {100}
28 1 0/1 (0) 0/1 (0
20 4 3/4(75) 3/4(75)
31 3 2/3(66.7) 3/3 (1007
3z 1 1/1 {100} 1/1 {1003
33 2 2/2 (100) 2/2(100)
(Protfeus penneri
25 1 1/1 {100} 1/1 {1003
[Profeus vulgaris group
20 1 1/1 (1003 1/1 {1003
28 1 1/1 {100} 1/1 {1003
31 1 1/1 (1003 1/1 {1003
(Providencia stuartii
6 1 1/1 (1003 1/1 {1003
3o 1 1/1 (1003 1/1 {1003
Serratia liquefaciens
20 1 1/1 (1003 1/1 {1003
30 1 1/1 (100} 1/1 (100)
Serratia marcescens
26 1 1/1 (1003 1/1 {1003
28 4 44 (100) 3/4(75)
30 1 1/1 (100} 1/1 {100}
Total 142 127/142 (89.4) 128/142(20.1)

Abbreviations: MIC = munimum inhibitory concentration.
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For H. influenzae, zone diameters ranged from 35 mm to > 40 mm; however, there were three isolates of H.
influenzae associated with clinical and microbiological failures and had ceftaroline zone diameters that were >
40 mm. Among the H. parainfluenzae isolates that were all associated with successful outcomes were
susceptible to ceftaroline with zone diameters ranging from 28 to > 40 mm (Table 114).

Table 114 Clinical and Microbiological Response Rates by Disk Diffusion Zone Diameter for Ceftaroline Against all Phase 3 Clinical
Isolates of Haemophilus spp. from Ceftaroline-treated Subjects

Ceftaroline MIC (ug/mL) N Ch’uim{ Su Tcess J{éi?fii??ﬂ?rfef:;:;
n/N (%) Eradicated) n/N (%)
(Haemophilus influenzae
35 2 2/2 {100y 2/2 (100}
36 1 1/1 (100) 1/1 (100)
27 1 1/1 (100) 1/1 (100)
38 2 2/2 {100y 2/2 (1007
=40 10 TA0 (0 710 (70)
(Haemophilus parahaemolyiicus
18 1 1/1 (100) 1/1 (100)
26 1 041 (0 1/1 (100)
30 1 1/1 (100) /1 (0)
(Haoemophilus parainfluenzae
28 2 242 (100) 2/2 (100)
29 3 3/3 (100) 3/3 (100)
33 1 1/1 (100) 1/1 (100)
35 1 1/1 (100) 1/1 (100)
36 1 1/1 (100} 1/1 (100)
30 1 1/1 (100) 1/1 (100)
=40 5 5/3 (100) /5 (100)
Total 33 20/33 (87.8) 29/33 (87.8)

Abbreviations: MIC = mininmun inhibitory concentration.

Clinical trials conclusion:

The Applicant presented data on two ¢SSSI and two CABP trials and data from these trials reveal that
ceftaroline is effective against the target pathogens in the proposed indications. No development of resistance
was reported by the Applicant during the clinical studies. Similar eradication rates were observed between the
two ¢SSSI studies; likewise, similar eradication rates were observed between the two CABP studies. In
addition, the Applicant presented data to show that ceftaroline is efficacious against specific Gram—positive and
—negative isolates encountered in the clinical trials.

Quality Control Analysis for Clinical Studies:

The following QC organisms and ranges were used throughout the susceptibility testing during the Phase 3
clinical studies for ceftaroline (P903-06, P903-07, P903-08, and P903-09) at the O® Table
115 shows the number of times each QC isolate was tested and the percentage of ceftaroline QC results tested
that were in range for all frozen and dried panels and disks used. Nearly all ceftaroline QC results were within
the expected CLSI proposed QC range for both MIC and disk diffusion results.

Page 147 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010
Ceftaroline for Injection

Cerexa Inc.

Table 115: Percent of Clinical Study Aerobic Quality Control Results in CLSI Range

X , MiC Disk diffusion
Quality control strain - - — -
Number tested | % in Range | Number fested | % in Range

(Escherichia coli ATCC 25922 a7 09 43 100
Staphyviococcus aureus ATCC 29213 194 100 NA NA
Staphyviococcus aureus ATCC 25923 NA NA 36 100
Strepfococcus preumoniae ATCC 49619 134 100 49 o8
(Haemophilus influenzae ATCC 49247 13 100 20 100

Abbreviations: ATCC = American type culture collection; CLSI = Clinical and Laboratory Standards Institute;
MIC = minimum inhibitory concentration: NA = not applicable.

Table 116 show the QC data that were evaluated to determine how the results compared to CLSI approved
ranges. All the results were within CLSI approved ranges. Only test with panels and disks that fell within range
of accepted QC results were used for MICs or zone determination.

Table 116: Summary of Quality Control Results for Ceftaroline for Broth Micro Dilution

Expecred | Clinical Trial
N . N , Nrumber CLST QC QC Range | Clinical Trial
QC organism Study Fanel Type Tested range (MIC MITC QC Geomean
in uig/mL) in pgimlL)
Staphylocoeccus cSSSI
aurens P203-06 and Frozen 31 012-025 0.12 -0.25 0.19
ATCC 20213 Po03-07
Staphviococcus CABP
aurens P203-08 and Dried 138 0.12-025 0.12-0.25 0.19
ATCC 29213 Po03-02
Sireptococcus cSSSI
|preumoniae P203-06 and Frozen 66 0.008 -0.03 | 0.008-0.03 0.015
ATCC 49610 Po03-07
Sireprococcus CABP
|[preumoniae P003-08 and Dried 15 0008 -0.03 | 0.008-0.03 0.013
ATCC 49619 Po03-09
Escherichia coli €SSS1
ATCC .}:.'023 “ | P203-06 and Frozen 11 0.03-012 0.06-0.12 0.068
B T Po03-07
Escherichia coli CaBP
-'\1"‘1 C 25022 - P203-08 and Dried 37 0.03-012 006-012 0.0724
i T Po03-00
[FHaemophilis cSSSI
influenzae P203-06 and Frozen L] 0.03-0.12 0.06 0.08
ATCC 49247 Po03-07
(Haemophilus CABP
influenzae P203-08 and Dried 4 0.03-012 006-012 0.06
ATCC 49247 Po03-09

Abbreviations: ATCC = American type culture collection: CABP = community acquired bacterial pnesmonia
CLSI = Clinical and Laboratory Standards Institute; ¢SS5I = comgplicated skin and skin structure infections:
MIC = inhibitory n: QC = guality control.

QC testing was performed during clinical studies for ceftaroline and all comparator drugs. Only tests with
panels and disks that fell within range of accepted QC results were used for determining MICs or zone sizes.
Overall, few failures occurred; these are listed in Table 117 along with actions taken, suggesting that the
susceptibility results obtained had few issues. No additional information was provided.
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Table 117: Susceptibility Clinical Trial Quality Control Testing Failures and Actions Taken

Ceftaroline
(Dare Srudy Merthod QC Organism Expected
Ramnge (ugmL)

Ceftaroline

MIC (ug/mL) Comiments

Streptococcus No values reported,

04/17/07 cSS51 |Frozen BMD| pruemoniae 0.008 -0.03 0.03
subjects reset
40619
Streprococcus
04/19/07 ©SSSI D.g"’l? pruemoniae 31 -41 mm 30 Subject samples
iffusion 40610 reset
QC out for
- ) Escharichia coli ceftazidime, all
05/04/07 c3551 |Frozen BMD| 25072 003-012 0.06 Subject samples
e reset for
ceftazidime
Esch - T l -
06/05/07 cSSSI |Frozen BMD |E5cherichia colil g g3 g 12 0.12 Subject samples
25022 reset
Escherichia coli Subject samples
08/24/07 eSSSI |Frozen BMD |=5°" 25022 - 003 -012 0.12 reset for
e ceftazidime
Amox-clav out, all
P, s
10/05/07 cSSSI |Frozen BMD |Eecherichia colil g g3 g 19 0.06 subject samples
25922 reset for
Ameox-clav
Esch - T l L.
11/14/07 cSSSI |Frozen BMD |E5cherichia colil g g3 g 12 0.25 All subject samples
25022 reset
PR -
11/16/07 cSSSI |Frozen BMD|Escherichia colil 4 g3 g 12 0.12 Subject samples
25022 reset
Esch ¥ T L -
02/01/08 cSSSI |Frozen BMD ‘“”e,”;;ﬁf,a ol 003-0.12 0.06 S“bf‘ef;f;mplﬁ"
Stapinlococcus Out multiple drugs
05/04/07 ¢S551 |Frozen BMD p. C amaa 0.06 - 0.25 0.12 subject samples
aurenus 20213 reset

Out multiple drugs
0.06 - 0.25 012 subject samples
reset

Stapinlococcus

05/11/07 cSSSI [Frozen BMD aurews 20213

Cefraroline
Dare Srudy Method OC Organism Expected
Range (g mlL)

Cefrareline

MIC (ugimL) Comnienis

Imipenem out.
0.06 - 0.25 025 subject samples
reset for imipenem

Staphyviococcus

05/13/07 cS551 |Frozen BMWD arrens 20213

Ampicillin out.
0.06 - 0.25 0.12 subject samples
reset for ampicillin

Sraphyiococcus

05/15/07 cSSSI |Frozen BMD aurens 20213

Ampicillin out,
0.06 - 0.25 012 subject samples
reset for ampicillin

Staphyiococcus

10/30/07 cSS8S1 |Frozen BMD aurens 20213

Ampicillin out,
0.06 - 0.25 012 subject samples
reset for ampicillin

Staphyviococcus

11/09/07 cSS8S1 |Frozen BMD ararens 20313

Imipenem out,
0.06 - 0.25 0.25 subject samples
reset for imipenem

Staphyviococcus

2/01/07
12/01/07 cSSST |Frozen BMD aurens 20213

P Imipenem out,
Staphylococcus

12/04/07 c¢S551 |Frozen BMD aurens 20713 0.06 - 0.25 0.25 subject samples
- reset for imipenem
Stapinlococcris Imipenem out,
12/22/07 cS55T |Frozen BMD | - p. - 2“9”53) 0.06 - 0.25 0.25 subject samples
aurens - reset for imipenem
BT QC
hviococcns
06/04/08 CABP | Driea BMD | Sfapiviococcus | 46 g o5 0.25 incomplete, subject
aureus 20213 samples reset for
T
P/’T QC
hvilococcts i i
06/06/08 CABP | Dried BMD | Sfapiviococcus 0.06- 025 025 incomplete, subject
aureus 29213 samples reset for
PT
Haemophilus. m‘:::]rfxl':t:éa;;JQbicr
0G/06/08 CABP | Dried BMD influenzae 0.03-0.12 0.06 = - 1
40747 samples reset for
Amox/Clav

Abbreviations: Amez-clav — amosxicillin with clavulanate potassium; BMD — broth micre-dilution:
CABP = community acquired bacterial pneumonia: c5SSI = complicated skin and skin structure infections:
MIC — mininum inhibitory conceatration: P/T — piperacillin‘tazobactam: QC — quality control.

Correlation between Phase 3 MIC distributions with recent surveillance study

Ceftaroline MIC distribution for all Phase 3 clinical isolates were compared with those collected in a recent
surveillance study conducted in the US and Europe in 2008 (Study P0903-M-35). For S aureus, the mode MIC
for ceftaroline and the clinical and surveillance isolates was 0.25 mcg/mL (Figure 15). The mode was similar in
both instances. However, there were 4 isolates from Greece in the surveillance with a ceftaroline MIC that was
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16 fold higher than the mode and 2 fold higher than the highest MIC observed. Figure 16 shows the MIC

distribution for ceftaroline and Phase 3 clinical isolates for US isolates only. The surveillance study shows that
the mode for US isolates is 0.25 mcg/mL

Figure 15. MIC Distributions for Ceftaroline and Phase 3 Clinical Isolates and 2008 Surveillance Isolates of Staphylococcus aureus

504 O Phase 3 Clnical Isolates
7 Susceptible S2 ng/mL B 2008 Surveillance Isolates

404 (US + EU)

reent at MIC

Pe

<0.06 012 0.25 0.5 1 2 4
MIC (jig/mL)

Figure 16. MIC Distributions for Ceftaroline and all Phase 3 Clinical Isolates and 2008 US only Surveillance Isolates of
Staphylococcus aureus

50
45+

@ 2008 Surveillance (US Isolates only)
40 “fini ;

B Phase 3 Clinical Isolates
354
304

25+

Percent at MIC

20+

15

<0.06 0.12 0.25 0.5 1 2
MIC (mng/mL)

A comparison between MSSA and MRSA isolates from the Phase 3 clinical studies show that the difference
between ceftaroline modal MIC values is within +/- 1 doubling dilution (Figure 17).
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Figure 17. MIC Distributions for Ceftaroline and Methicillin-susceptible and Methicillin-resistant Phase 3 Isolates of Staphylococcus
aureus

801
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Figure 18 shows the zone diameter distribution histogram for ceftaroline and Phase 3 clinical isolates of S
aureus. Disk diameter ranged from 22 mm to >40 mm. The disk diffusion data has a

Figure 18. Disk Diffusion Zone Diameter Distributions for Ceftaroline and all Phase 3 Clinical Isolates of Staphylococcus aureus
90+ Susceptible M~
80
701 i 1
60|
50
40
30

igi ”H_ﬂﬂﬂ

7 9 11 13 15 18 20 22 24 26 28 30 32 34 36 38 40

Number of lsolates

Zone diamefer (mim)

For S pneumoniae, the ceftaroline MIC distributions for Phase 3 clinical isolates were compared with those
from the 2008 US surveillance study P0903-M-035, 2009 (Figure 19). The mode MIC for ceftaroline against
both clinical and US surveillance isolates was < 0.015 mcg/mL.

Figure 19. MIC Distributions for Ceftaroline and 2008 US Surveillance Isolates of Streptococcus pneumoniae

5 Phase 3 Clinical Isolates
70 B 2008 US Surveillance Isolates

Percent at MIC
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Figure 20 shows the disk diffusion diameter for S. pneumoniae from the Phase 3 clinical studies. Disk diameter
ranged from 28 mm to > 40mm.

Figure 20. Disk Diffusion Zone Diameter Distributions for Ceftaroline and all Phase 3 Clinical Isolates of Streptococcus pneumoniae
257 m
204
151

101

Number of Isolates

28 29 30 31 32 33 34 35 36 37 38 39 >40

Zone diameter (mm)

Figure 21 shows the MIC distribution for all Phase 3 clinical isolates from both treatment groups compared with
2008 US surveillance study for non-pneumococcal streptococci isolates. The mode MIC between the Phase 3
clinical isolates and the US surveillance isolates were similar. Disk diffusion zone diameters ranged from 22
mm to > 40 mm and are shown in Figure 22.

Figure 21. MIC Distributions for Ceftaroline and Phase 3 and 2008 US Surveillance Isolates of Non-pneumococcal Streptococci
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Figure 22. Disk Diffusion Zone Diameter Distributions for Ceftaroline and all Phase 3 Clinical Isolates of Non-pneumococcal
Streptococci
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The MIC distributions for ceftaroline and all Phase 3 clinical isolates for members of the Enterobacteriaceae
encountered were compared to 2008 surveillance isolates are shown in Figure 23. MIC values ranged from <
0.008 mcg/mL to > 16 mcg/mL with a somewhat bimodal appearance at 0.06 mcg/mL and peaking again at 16
mcg/mL. The bimodal disk diffusion zone diameter distributions for ceftaroline and all Phase 3 clinical isolates
of Enterobacteriaceae are shown in Figure 24.

Figure 23. MIC Distributions for Ceftaroline and Phase 3 and 2008 US Surveillance Isolates of Enterobacteriaceae
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Figure 24. Disk Diffusion Zone Diameter Distributions for Ceftaroline and all Phase 3 Clinical Isolates of Enterobacteriaceae
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For H. influenzae isolates, the ceftaroline MIC distributions for Phase 3 clinical isolates were compared with
those for 2008 US surveillance (Figure 25). The MICs for ceftaroline and the Phase 3 clinical isolates ranged
from < 0.015 to 0.5 mcg/mL compared to < 0.015 to 0.12 meg/mL for the surveillance isolates. The mode MIC
for ceftaroline against both isolate collections was < 0.015 mcg/mL. Figure 26 shows the zone diameter, which
ranged from 26 to > 40 mm with the exception of one outlier with a zone diameter of 18 mm.
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Figure 25. MIC Distributions for Ceftaroline and Phase 3 and 2008 US Surveillance Isolates of Haemophilus influenzae
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Figure 26. Disk Diffusion Zone Diameter Distributions for Ceftaroline and all Phase 3 Clinical Isolates of Haemophilus spp.
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Summary and Conclusion:

The MIC data for Enterobacteriaceae at the wild-type distribution and some are above the wild type
distribution this effect may be described as a bimodal distribution where there is a split in the susceptibility data
of the wild-type population. This effect may lead to irreproducible in vitro testing, as replicating results will fall
on either side of the breakpoint of the drug. Breakpoints that fall in the troughs of the bimodal MIC distribution
will probably result in reproducible categorization of susceptibility, breakpoints that fall in the middle of the
distribution will result in poor reproducibility, and it may be necessary to shift breakpoints slightly to reduce the
impact of the problem.

SCATTER PLOTS SHOWING MIC AND DISK DIFFUSION METHODS:
MIC susceptibility and resistance interpretive criteria are established by using three principles. The first is the
MIC distribution patterns from large surveillance studies; second, is the observation of clinical response data

with respect to the prescribed drug dose; third, is the PK/PD characteristics of the drug. The in vitro
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antibacterial effect of ceftaroline has been considered to be time-dependent. Based on information submitted by
the Applicant, an MIC of up to 0.5 meg/mL is supported by PK/PD data.

The error-rate bounded method classification is used to show a correlation between the MIC and zone diameter
of bacteria encountered in the clinical trial. The zone diameters used to classify bacteria as susceptible or
resistant to antibiotics depended on clinically relevant MIC breakpoints from the bacteria encountered in the
clinical trials, as well as reproducible methods with adequate quality controls. Scatter plots with error rates
comparing MIC and disk diffusion methods for isolates encountered in the Phase 3 studies (ME population) are
presented in Figures 27-44.

Breakpoint analysis for Staphylococcus aureus:

The Scatter plots showing MICs and ceftaroline zone diameters for 386 Phase 3 isolates of S. aureus from
ceftaroline-treated subjects, and representing isolates collected in both the skin and respiratory studies, are
shown in Figure 27-31. FDA proposed breakpoints for the Phase 3 ¢SSSI clinical study are shown in
hashed, red lines with the appropriate discrepancy rates. Clinical failures are shown in parenthesis. There
were no isolates with a MIC higher than 2 mcg/mL. One result had a zone diameter of 7 mm that corresponded
with a failure. The testing was subsequently repeated and was shown to be irregular.
Based on the data presented in clinical studies and on surveillance studies, B

There were 2/4 (50%) clinical microbiological failures
associated with MRSA corresponding with an MIC of 2 meg/mL and zone diameter of 22 mm. The failures
occurred in the ¢SSSI studies. One patient, subject 300406679 was enrolled in Study P903-06 for treatment of a
subcutaneous MRSA abscess at the hip replacement surgical site. Blood cultures also revealed MRSA. The
subject began treatment with ceftaroline on Study Day 1 and received ceftaroline for 11 days but ultimately the
1solate was presumed to have persisted. A second patient, subject 300707285 was enrolled in Study P903-07 for
an infected wound with MRSA (with a MIC of 2 meg/mL and a zone diameter of 23 mm) plus E. faecalis. This
subject was a clinical failure and the organisms were presumed to have persisted.

Figure 27. Ceftaroline MICs vs Ceftaroline Zone Diameter (30-pg disks) for Staphylococcus aureus Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07 Combined

Range n M M m

20+2 0 0 (0%) NA 0(0%)
I1+4-1 4 0 (0%) 0 (0%) 0 (0%)
a-2 358 NA 1(0.3%)  0(0%)
Total Joz 0(0%) 1(0.3%) 0(0)%)

MICs (ng/ml)y

405 4T 3]
211 ‘511 s 12 ::ll 27 :oﬂllg[“:oill 7 411] 1 45“ 3
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P Denotes number of clinical fatlures

Page 155 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327
Ceftaroline for Injection
Cerexa Inc.

Date Review Completed: 09/27/2010

MIC Range | n Discrepancy Rates

Very Major Major Minor
>1+2 0 0 0 0
I+1 to I-1 123 0 1 (1%) 20 (16%)
<I-2 239 NA 0 1 (0.4%)
Total 362

Figure 28. Ceftaroline MICs vs Ceftaroline Zone Diameter (30-pg disks) for Methicillin resistant
Staphylococcus aureus Clinical Isolates from Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07 Combined

Range n VAL M m
2T+2 0 0(0%) NA 0 (0%)
| I+-1 4 00%)  0@%)  0(0%)
e | <-2 127 NA 1(0.7%) 0 (0%)
16 - | Total 141 0(0%) 1{07%) 0(0%)
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MIC Range | n Discrepancy Rates

Very Major Major Minor
>1+2 0 0 0 0
I+1 to I-1 123 0 1 (1%) 20 (16%)
<I-2 18 NA 0 1 (5.6%)
Total 141

Figure 29. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Methicillin-susceptible Staphylococcus aureus
Clinical Isolates from Ceftaroline-treated Subjects in cSSSI Studies P903-06 and P903-07 Combined

Range n VM M m
21+2 0 0%  NA  0(0%)
I+-1 0 0 (0%4) 0(0%) 0(0oq)
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Figure 30. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for all Phase 3 Clinical Isolates of Staphylococcus aureus
from Ceftaroline-treated Subjects in the ¢SSSI (P903-06 and P903-07) and CABP (P903-08 and P903-09) Studies Combined

Range n VAL A m
a+1 a 0 {0%) NA 0 (0%)
5 | 1+-1 4 00%) 0%  000%)
o | -2 382 NA o L@3%)  0(0%)
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Abbreviatiens: MIC = minimum inhibitory concentration: I = intermediate ; m = minor; M = major; VM = very

Major e1ret.
MIC Range n Discrepancy Rates
Very Major Major Minor
>1+2 0 0 0 0
I[+1tol-1 125 0 1 (1%) 20 (16%)
<I-2 261 NA 1(0.27%) | 1(0.3%)
Total 386

Figure 31. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Staphylococcus aureus Clinical Isolates from
CABP P903-08 and P903-09 Studies Combined (Isolates from Ceftaroline-treated Subjects)

n VM

Range M m
2+2 0 0(%) NA  0(0%)
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¥l Denotes number of clinical failures

For cSSSI, the Agency suggests setting the MIC susceptible breakpoint at < 0.5 mcg/mL for ceftaroline and a
zone diameter susceptible breakpoint of > 24 mm for S. aureus (including methicillin-resistant isolates) using
the 30 pg disk diffusion methods. FDA modified breakpoint had no significant effect on the discrepancy rates
for S aureus; the major error rate remained at 0.27%. For CABP, the FDA proposed a MIC susceptible
breakpoint at < 0.5 mcg/mL for MSSA (not including MRSA) and a zone diameter susceptible breakpoint of >
24 mm using the 30 ug disk diffusion methods. Please note that based on the Applicant’s exclusion criteria, the
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following pathogens were excluded P. aeruginosa, and MRSA since ceftriaxone is not expected to have an
effect against both isolates and ceftaroline does not have activity against P. aeruginosa. o

Breakpoint analysis for Streptococcus pneumoniae:

Applicant’s Proposed Susceptibility Interpretive Criteria for Ceftaroline and Sfrepfococcus pneumoniae:

Mmic Disk diffusion zone diameter
(ng/mlL) (mm)
3 I R s | 1 | &
S ; (b) (4)
Streptococcus pneumoniae

Abbreviations: MIC = minimum inhibitory concentration: I = intermediate: R = resistant; S = susceptible.

In the Phase 3 clinical trial, the ceftaroline MICs ranged from < 0.015 mcg/mL to 0.12 meg/mL for S.
pneumoniae, the overall microbiological response rate was 86.1%. There were six subjects with clinical failures
that were associated with isolates with ceftaroline MICs < 0.015 mcg/mL which account for a response rate of
82.3% at that MIC. o

The Scatterplot showing MICs and ceftaroline zone
diameters for 36 Phase 3 isolates of S. pneumoniae from ceftaroline-treated subjects in the CABP studies with
available antimicrobial susceptibility 1s shown in Figure 32 and 29. The Applicant has submitted additional data
mn a 26 July 2010 (NDA 200327 - SN 0026) communication to the Agency that supports setting the breakpoint
ceftaroline against S. pneumoniae at 0.008 mcg/mL; the additional data supporting this breakpoint is shown in
Table 89. The data show that there were 20 isolates at an MIC of 0.008 with a microbiological response rate of
80%. However, at a value of 0.015 mcg/mL (1 dilution higher) seven out of 8 isolates were eradicated by
ceftaroline; this equates to a microbiological response rate of 87.5%. Therefore, this Reviewer thinks that it is
not inconceivable to set the breakpoint at this MIC (0.015 mcg/mL). Scatterplots supporting data submitted to
NDA 200327 - SN 0026 were not submitted therefore. Based on the Phase 3 clinical trial, the appropriate
breakpoint should be set on the available data; therefore, the appropriate ceftaroline MIC interpretive criteria
should be 0.008 mcg/mL for ceftaroline; no zone diameter is suggested due to a lack of sufficient data.

Figure 32. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Streptococcus pneumoniae Clinical Isolates from CABP
P903-08 and P903-09 Studies Combined (Isolates from Ceftaroline-treated Subjects)

Range n VM M m
16 21+2 0 0 (0%) NA 0 (0%)
s 1+-1 0 0(0%)  0(0%) 0 (0%)
<12 36 NA 0(0%)  0(0%)
- Total 36 0(0%)  0(0%)  0(0%)
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Breakpoint analysis for Streptococcus spp.:

Proposed Susceptibility Interpretive Criteria for Ceftaroline and Nonpneumococcal Streptococci(b)( ,
4

There were 212 non-pneumococcal clinical isolates between both study groups. The MIC ranged from 0.03 to <
0.004 mcg/mL. Figure 33 shows the scatterplots for the 114 S. pyogenes isolates encountered in the ceftaroline
treatment group and the comparator group. Of those, 56 Sreptococcus pyogenes isolates were identified in the
ceftaroline cSSSI studies; 55/56 isolates had an MIC of < 0.004 mcg/mL with a 100% eradication rate, and one
isolate had an MIC of 0.008 mcg/mL with 100% eradication. Therefore, the antimicrobial susceptibility test
results, microbiological response rates were 100% in the ceftaroline arm and all isolates were considered
susceptible to ceftaroline, with MICs that ranged from < 0.004 to 0.008 mcg/mL; zone diameter for the isolates
ranged from 24 to > 40 mm. In the vancomycin treatment group, there were a total of 58 isolates, 45 of those
isolates had a MIC of 0.25 mcg/mL with a 95.6% eradication rate; 11 isolates with a MIC value of 0.5 mcg/mL
were all eradicated while 2 isolates with a MIC of 1 mcg/mL were all eradicated. For comparison, Figure 34
shows ceftaroline MICs vs. Ceftaroline Zone Diameter for US Clinical Isolates of Nonpneumococcal
Streptococci from study to evaluate provisional interpretive criteria.

Figure 33. Ceftaroline MICs vs. Ceftaroline Zone Diameter for Phase 3 Clinical Isolates of Streptococcus pyogenes from cSSSI
Studies P903-06 and P903-07 Combined (Isolates from both Treatment Groups)

Range n VM M m
2I+2 0 0 (0%) NA 0(0%)
4 I+-1 0 0(0%) 0 (0%) 0(0%)
2 - sI-2 114 NA 0(0%) 0(0%)
1 Total 114 0(0%) 0 (0%) 0(0%)
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S 015
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é 0.06
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Figure 34. Ceftaroline MICs vs. Ceftaroline Zone Diameter for US Clinical Isolates of Nonpneumococcal Streptococci from Study to
Evaluate Provisional Interpretive Criteria
Strepiococcus other than S. prenmoniae  (n=T8)
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Abbreviations: ¢SS5 = complicated skin and skin structure infections: MIC = minimum inhibitory concentration;
I=intermediate; m = minor; M = major: VM = very major error.

Based on the Phase 3 clinical trial, the appropriate breakpoint should be set on the available data; therefore, the
appropriate ceftaroline MIC interpretive criteria for S pyogenes should be < 0.004 mcg/mL based on the
available data. However, no ceftaroline zone diameter is suggested due to lack of sufficient data.

Scatterplots for all Phase 3 clinical isolates of S. agalactiae and S. dysgalactiae are shown in Figure 35 and 36,
respectively. For S dysgalactiae, one isolate had a zone diameter of 22 mm and an MIC < 0.004 mcg/mL
(Figure 36). FDA proposed breakpoints are shown in red hashed lines ceftaroline MIC <0.015 mcg/mL S
agalactiae and at this time, no breakpoint are proposed for S. dysgalactiae due to insufficient data information.
No ceftaroline zone diameter is suggested due to lack of sufficient data.

Figure 35. Ceftaroline MICs vs. Ceftaroline Zone Diameter for Phase 3 Clinical Isolates of Streptococcus agalactiae from ¢SSSI
Studies P903-06 and P903-07 Combined (Isolates from both Treatment Groups)

Range n VM M m
21+2 0 0 (0%) NA 0(0%)
4 I+-1 0 0 (0%) 0 (0%) 0(0%)
2 s1-2 37 NA 0(0%)  0(0%)
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Figure 36. Ceftaroline MICs vs. Ceftaroline Zone Diameter for Phase 3 Clinical Isolates of Strepfococcus dysgalactiae from cSSSI
Studies P903-06 and P903-07 Combined (Isolates from both Treatment Groups)

Range n ™ M m
P 21+ 2 0 0(0%) NA 0(0%)
. T+-1 0 0@%) 00%)  0(0%)
<I-2 28 NA 0(0%) 1(3.6%)
- 1! Toral 18 0@O%)  0@%) 1(3.0%)
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Ceftaroline Zone Diameter (mm) 30 pg Disks

Figure 37 shows the scatterplot for Streptococcus anginosus, a member of the viridians streptococcal group.
There were a total of 12 isolates in the study; 5 isolates with MIC of 0.03mcg/mL, 1 isolate at 0.015 mcg/mL; 3
1solates at a ceftaroline MIC of 0.008 mcg/mL and 3 at <0.004 mcg/mL. Please note that at this time, no
susceptibility breakpoint for ceftaroline is proposed for S. anginosus due to insufficient information.

Figure 37. Ceftaroline MICs vs. Ceftaroline Zone Diameter for Phase 3 Clinical Isolates of Sfrepfococcus anginosus group from c¢SSSI
Studies P903-06 and P903-07 Combined (Isolates from both Treatment Groups)

Range n VM M m
2[+2 0 0(0%) NA 0(0%)
T I+-1 0 0(0%) 0(0%)  0(0%)
, 4 sI-2 30 NA 0(0%)  0(0%)
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Ceftaroline Zone Diameter (mm) 30 ug Disks

Breakpoint analysis for Enterobacteriaceae:

The Applicant presented scatter plots for all clinical isolates of Enterobacteriaceae; in addition, individual
scatter plots for representative members of the group were also submitted. Figure 38-40 shows the scatterplot
for all clinical isolates of Enterobacteriaceae from ceftaroline-treated subjects in all Phase 3 studies. Clinical
failures, indicated in parentheses, show that failures are well scattered across the MIC and zone diameter
ranges. el

The Applicant submitted data
which suggest that ceftaroline is an AmpC inducer, and thus, AmpC produces as well as ESBL producing
organisms will potentially have reduce susceptibility to ceftaroline. AmpC resistance is known to negatively
affect clinical outcome and may result in MICs that is above the breakpoint. As expected with the cephalosporin
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class of antibiotics, Enterobacteriaceae MIC of ceftaroline increased with the presence of AmpC induction or
ESBL. The in vitro study suggest that ceftaroline MIC against the non AmpC and non-ESBL
Enterobacteriaceae are low while the MICy, values for the AmpC and ESBL producers are higher.

Both clinical and surveillance data suggest a bimodal ceftaroline MIC distribution for the Enterobacteriaceae.
The net effect is a split in the susceptibility data and breakpoints that fall in the troughs of the bimodal MIC
distribution will probably result in reproducible categorization of susceptibility and breakpoints that fall in the
middle of the distribution will result in poor reproducibility and it may be necessary to shift breakpoints slightly
to reduce the impact of the problem. Resistance mechanisms are also known to affect clinical outcome and
results in MIC above the chosen breakpoint. In the case of the Enterobacteriaceae, it may be necessary to adjust
the breakpoints to report organisms as intermediate or resistant.

Based on PK/PD values and on the issue regarding ESBL, this Reviewer feels that the data support setting the
susceptible breakpoint to < 0.25 mcg/mL, the intermediate breakpoint to 0.5 mcg/mL and a resistant breakpoint
to > 2 mcg/mL for Enterobacteriaceae. The following disk diffusion zone diameters are recommended:
susceptible > 24; intermediate 20-23 mm; resistant < 19 mm.

The proposed final breakpoint determinations takes into consideration interpretation of MIC data,
pharmacokinetic evaluation, overall discrepancy rates, and clinical verification of breakpoints by clinical and
bacteriological response rates. Proposing these breakpoints are somewhat problematic since they lead to higher
error rates, however, the overall rates were kept relatively low. The CLSI disk diffusion breakpoint for a similar
in class cephalosporin range from sensitive > 20; intermediate 18 — 19; resistant < 17 so the breakpoint
suggested by the Agency appear to be a reasonable compromise. It is also important to note that it is plausible
that higher error rates may lead to the initiation of inadequate antimicrobial therapy. The red lines in figure 38
are the FDA proposed breakpoints.
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Figure 38. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30 -pg disks) for Phase 3 Clinical Isolates of Enterobacteriaceae
from Ceftaroline-treated Subjects in cSSSI Studies P903-06 and P903-07 Combined

Range n VM M m
21+2 13 2(154%) NA 0(0%%
I+-1 T 2(28.6%) 0(0%) 1(143%
-2 76 NA 0(0%) 1(L3%
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MIC Range n Discrepancy Rates
Very Major Major Minor
>]+2 16 5 0 0
I+1tol-1 25 4 0 8
<I-2 55 NA 0 3
Total 96 9 0 11

Figure 39: Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Enterobacteriaceae Clinical Isolates from CABP
P903-08 and P903-09 Studies Combined (Isolates from Ceftaroline-treated Subjects)

Ceftaraline MICs (ug/mL)
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Figure 40. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for all Enterobacteriaceae Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI and CABP Studies Combined

Range n VM M m
21+12 13 2(154%) NA o @%)
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>1+2 16 4 0 0
I+1tol-1 47 6 0 18
<12 79 NA 0 4
Total 142 5 (4%) 0 22

Scatterplots for individual Enterobacteriaceae (by pathogen) for the combined ¢SSSI and CABP ceftaroline-
treated subjects are presented as follows: E. coli (Figures 41-42), K. pneumoniae (Figures 43-44), K. oxytoca
(Figure 45-46), M. morganii (Figure 47), and P. mirabilis (Figure 48). The FDA proposed MIC and disk
diffusion breakpoints are shown in red hatched marks. Proposing these breakpoints leads to higher error rates;
even though the Very Major error rates were kept as low as possible they some were above what the CLSI
considered acceptable limits. The false resistance reporting may be considered a lesser problem compared to
false susceptible. Traditionally, due to the presence of ESBLs and AmpC expression, occasionally, the
Enterobacteriaceae in combination with cephalosporin may result in consistently higher rates of false resistance
and false susceptible reporting leading to higher Major, and Very Major discrepancy values, respectively. The
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Figure 41. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Escherichia coli Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07
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Figure 42. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Escherichia coli Clinical Isolates from CABP
P903-08 and P903-09 Studies Combined (Isolates from Both Treatment Groups)
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Figure 43. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Klebsiella pneumoniae Clinical Isolates from

Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07
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Figure 44. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Klebsiella pneumoniae Clinical Isolates from
CABP P903-08 and P903-09 Studies Combined (Isolates from Ceftaroline-treated Subjects)
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Figure 45. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Klebsiella oxytoca Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07
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Figure 46. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Klebsiella oxytoca clinical isolates from CABP
P903-08 and P903-09 Studies Combined (Isolates from Both Treatment Groups)

Coftarnline MICs (ug/mL)
=
n

Range n VM M m
-2 0 000%) NA 0 (0%)
I+-1 [} 0 (0%) 0 (0%) 0 (0%a)
<I-1 NA 0(0%)  0(0%)
Total 4 0(0%)  0(0%)  0(0%)
1 2
2 1
32
1 1 1
6 7 8 5 10 11 12 13 14 15 16 17 18 19120 21 23 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 35 39 =40
Ceftaroline Zone Diameter (mim)
MIC Range n Discrepancy Rates
Very Major Major Minor
>1+2 0 0 0 0
I+1tol-1 3 0 0 0
<I-2 11 0 0 0
Total 14 0 0 0

Page 167 of 174



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY DRUG PRODUCTS -HFD-520
CLINICAL MICROBIOLOGY REVIEW

NDA: 200-327 Date Review Completed: 09/27/2010

Ceftaroline for Injection
Cerexa Inc.

Figure 47. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Morganella morganii Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07
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Figure 48. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Proteus mirabilis Clinical Isolates from
Ceftaroline-treated Subjects in ¢SSSI Studies P903-06 and P903-07
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Breakpoint analysis for Haemophilus spp.

The disk diffusion zone diameters for ceftaroline all Phase 3 isolates of Haemophilus spp. are shown in Figure
49. The zone diameters ranged from 18 to > 40 mm. The Applicant stated that all isolates were tested for their
ability to produce B-lactamase and that one isolate of A. influenzae was identified from a ceftaroline-treated
subject from Poland in CABP P0903-09 (Pat. no. 661309500). The ceftaroline MIC for the isolate was 0.03
meg/mL and was associated with a subject with a 100% successful clinical and microbiological outcome. ®®

Scatterplots for the 69 1solates of Haemophilus spp. encountered in the clinical
trial are shown in Figure 49. Please note that due to the limited number of isolates and the lack of clinical
experience, the Agency does not recommended setting a breakpoint for H. influenzae at this time due to
insufficient clinical experience at the Applicant’s proposed breakpoint (Table 100).

Figure 49. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30 pg disks) for all Haemophilus spp. Clinical Isolates from CABP P903-
08 and P903-09 Studies Combined (Isolates from Both Treatment Groups)
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Figures 50 and 51 show scatterplots for A. influenzae and H. parainfluenzae, respectively. The combined MIC
data 1s shown in Table 118. For H. parainfluenzae, out a possible 15 isolates reported in the study, only scatter
plots for 14 isolates are shown. Please note that the Agency does not recommended setting a breakpoint for
Haemophilus parainfluenzae at this time

; moreover, the Agency believes that this organism is not a true pathogen and should not be
mncluded in the first list.

(b) (4)
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Figure 50. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Haemophilus influenzae Clinical Isolates from
CABP P903-08 and P903-09 Studies combined (Isolates from Ceftaroline-treated Subjects)
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Figure 51. Ceftaroline MICs vs. Ceftaroline Zone Diameter (30-pg disks) for Haemophilus parainfluenzae Clinical Isolates from
CABP P903-08 and P903-09 Studies Combined (Isolates from Ceftaroline-treated Subjects)
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Table 118 Clinical and Microbiological Success by Ceftaroline MIC against Haemophilus influenzae from CABP Studies P903-
08 and P903-09 Combined

Ceftaroline MIC {ug/ml) N Clinical Success n/IW (%) (Era d'f'r:'ﬂ;:’i:f;ﬁf::::f?gi‘::;;i:; WN (%)
= 0.008 8 5/8 (62.5%) 5/8 (62.5%)

0.015 5 5/5 (100.0%) 5/5 (100.0%)

0.03 3 3/3 (100.0%) 3/3 (100.0%)

Total 16 13/16 (81.2%) 13/16 (81.2%)

Abbreviations: CABP = community acquired bacterial pneumoemnia; MIC = munimal inhibitory concentration.
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Summary and Conclusion:

Based on a detailed analysis of the data which includes in vitro surveillance data, clinical outcome data, and
PK/PD analysis, the Agency proposes the in vitro susceptibility test interpretation criteria as shown in the
“EXECUTIVE SUMMARY?” of this review.

APPLICANT’S AND AGENCY’S PROPOSED MICROBIOLOGY SUBSECTION OF THE
PACKAGE INSERT
See EXECUTIVE SUMMARY
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