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NDA 50-817-N-000-AZ ‘ Microbiology Review # 2

Product Quality Microbiology Data Sheet

A. 1. TYPE OF SUBMISSION: Original NDA

2. SUBMISSION PROVIDES FOR: New Drug product

3. MANUFACTURING SITE: Baxter Healthcare Corporation
Round Lake, Illinois Facility
"Route 120 and Wilson Rd.
Round Lake, IL 60073
CFN # 1416980

4, DOSAGE FORM, ROUTE OF ADMINISTRATION AND
STRENGTH/POTENCY:

Injection

Intravenous and intramuscular

1g/50 mL and 2g/100 mL

GALAXY flexible plastic

containers

— b(4)
0. PHARMACOLOGICAL CATEGORY: Antibiotic

5. METHOD(S) OF STERILIZATION:

B. SUPPORTING/RELATED DOCUMENTS: DMF 6344

C. REMARKS: NDA 50-817 was submitted electronically and arranged in CTD
format. An Initial Quality Assessment was entered into DFS on 4/19/07. The
applicant states in the cover letter that a Microbiology Review Copy (white
binders) was submitted to facilitate the microbiology review. These binders were
not provided for review and the submission was not available for review in the
EDR. However, a CD containing the entire submission was provided by the
project manager.

The initial product quality microbiology review was completed on December 18,
2007. The microbiology deficiencies were conveyed to the applicant in an
apProvable letter dated December 21, 2007.

filename: N050817R2.doc
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NDA 50-817-N-000-AZ Microbiology Review # 2

Executive Summary

1. Recommendations

A.

Recommendation on Approvability -
NDA 50-817 is recommended for approval from the standpoint of
product quality microbiology.

Recommendations on Phase 4 Commitments and/or
Agreements, if Approvable -
Not applicable.

II. Summary of Microbiology Assessments

A.

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

The drug product will be - ~— - ‘in b(4) v
GALAXY containers using a orocess. Filling will '
take place within a

Brief Description of Microbiology Deficiencies -
No deficiencies were identified based upon the information
provided. '

Assessment of Risk Due to Microbiology Deficiencies -
Not applicable

ML  Administrative

A.

73

Reviewer's Signature

Stephen E. Langille, Ph.D.

Endorsement Block
James McVey
Team Leader
CC Block
N/A
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Stephen Langille
2/29/2008 08:41:58 AM
MICROBIOLOGIST

James McVey
3/3/2008 10:46:39 AM
MICROBIOLOGIST
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MEMORANDUM

4»,3‘ SEBVICEs -
L,

f )/ DEPARTMENT OF HEALTH AND HUMAN SERVICES -
g , PUBLIC HEALTH SERVICE
% ‘ FOOD AND DRUG ADMINISTRATION
. ‘5 CENTER FOR DRUG EVALUATION AND RESEARCH
“Avazg
DATE: 12/28/07
TO: DFS file for NDA 50-817

FROM: Stephen E. Langille, Ph.D.
THROUGH: N/A

cc: Kyong Hyon

_SUBJECT: - NDA 50-817 Product Quality Microbiology Review

)(M ™

The product Quality Microbiology review for NDA 50-817 (completed on December, 21,
2007) contains a typographical error in section ILB. of the Executive Summary. This section
states that microbiology deficiencies in “DMF 6433 should be addressed prior to approval of
the application”. The statement should state that microbiology deficiencies in “DMF 6344
should be addressed prior to approval of the application”.



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Stephen Langille
12/28/2007 12:10:46 PM
MICROBIOLOGIST
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Product Quality Microbiology Review

18-DEC-2007
NDA: 50-817
Drug Product Name
Proprietary: Cefepime Injection in GALAXY Container
Non-proprietary: Cefepime Injection

Drug Product Priority Classification: Standard
Review Number: 1

Dates of Submission(s) Covered by this Review

Letter Stamp Review Assigned to Reviewer
Request
2/28/07 3/1/07 5/17/07 5/18/07

Submission History (for amendments only): Not applicable
Applicant/Sponsor
Name: Baxter Healthcare Corporation
Address: 1620 Waukeegan Rd.
McGaw Park, IL, 60085

Representative: Vicki Drews
Telephone: 847-473-6296

Name of Reviewer: Stephen E. Langille, Ph.D.

1
Conclusio¥i: Approvable Pending Revision



NDA 50-817

Microbiology Review # 1

Product Quality Microbiology Data Sheet

A. 1.

2.

5.

6.

TYPE OF SUBMISSION: Original NDA

SUBMISSION PROVIDES FOR: New Drug product

MANUFACTURING SITE: Baxter Healthcare Corporation
Round Lake, Illinois Facility
‘Route 120 and Wilson Rd.
Round Lake, IL 60073
CFN # 1416980

DOSAGE FORM, ROUTE OF ADMINISTRATION AND
STRENGTH/POTENCY:

' Injection

Intravenous and intramuscular
1g/50 mL and 2g/100 mL
GALAXY flexible plastic
containers

METHOD(S) OF STERILIZATION: ———  b(4)

PHARMACOLOGICAL CATEGORY: Antibiotic

B. SUPPORTING/RELATED DOCUMENTS: DMF 6344

C. REMARKS: NDA 50-817 was submitted electronically and arranged in CTD
format. An Initial Quality Assessment was entered into DFS on 4/19/07. The
applicant states in the cover letter that a Microbiology Review Copy (white
binders) was submitted to facilitate the microbiology review. These binders were

" not provided for review the submission was not available for review in the EDR.
However, a CD containing the entire submission was provided by the project
manager.

filename: NQSOS 17R1 .‘doc
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NDA 50-817 Microbiology Review # 1

Executive Summary

I. Recommendations

A. Recommendation on Approvability -
NDA 50-817 is approvable pending the resolution of product
quality microbiology deficiencies.

B. Recommendations on Phase 4 Commitments and/or
Agreements, if Approvable -
Not applicable.

I1. Summary of Microbiology Assessments

A. Brief Description of the Manufacturing Processes that relate to
Product Quality Microbiology -
The drug product will be «— in
GALAXY containers using 8 ————~ process. Filling will
take place within a *

b(4)

B. Brief Description of Microbiology Deficiencies -
The applicant failed to:

PN
!’ *,
[

Identify the equipment to be used for - -, of the b@)
drug product and its location within the manufacturing facility

* Provide the methodology and acceptance criteria for filter integrity
testing.

In addition, the microbiology deficiencies identified during the
review of DMF 6433 should be addressed prior to the approval of
this application.

C. Assessment of Risk Due to Microbiology Deficiencies -
Failure to address the product quality microbiology deficiencies
could result in microbial contamination of the drug product.

Page3of 12 -



NDA 50-817 _ Microbiology Review # 1

III.  Administrative

A. Reviewer's Signature

Stephen E. Langille, Ph.D.

B. Endorsement Block

David Hussong, Ph.D.
- Associate Director —
New Drug Microbiology Staff

C. CC Block
N/A
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This is a representation of an electronic record that was signed electronically and
{ this page is the manifestation of the electronic signature.

Stephen Langille
12/21/2007 09:34:27 AM
MICROBIOLOGIST

Baxter application for Cefepime injection in GALAXY conainers. Linked
to DMF 6344.

David Hussong
12/21/2007 09:42:01 AM
MICROBIOLOGIST

I concur with the reviewer’s recommendation of Approvable. Deficiencies
were provided.

-




DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07

Date Company Submitted: March 19" 2007
Date received by CDER: March 19" 2007
Date Assigned: March 19“‘, 2007

Reviewer: Avery Goodwin, Ph.D

NAME AND ADDRESS OF APPLICANT:
Baxter Healthcare Corporation
. Global Regulatory A ffairs

1620 Waukegan Rd. : o
McGraw Park, Illinois 60085 E
CONTACT PERSON:

Vicki L. Drews
Tel No: 847-473-6296
Fax No: 847-785-5107

DRUG PRODUCT NAMES:
Proprietary Name: Cefepime Hydrochloride
Established Name: Maxipime, Cefepime

Chemical Name: Pyrrolidinium,

~
b(4)

(_, -t

r -

C )

Structural Formula:
— .
4
b(4)

L J

L g

Molecular Formula:
Ci9Ha5CINgO5S,-HCI-H,O

Molecular Mass:
571.50



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07

PROPOSED DOSAGE FORM AND STRENGTH:

Baxter’s proposed 1 g/50 mL and 2 g/100 mL premixed products are for IV use only and
are stored frozen (at or below -20°C) for long-term storage and thawed prior to
intravenous administration.

ROUTE OF ADMINISTRATION AND DURATION OF TREATMENT:

The proposed indications, route of administration, and dosage regimen (dose, frequency,
and duration) for Baxter’s 1 g/50 mL and 2 /100 mL Cefepime Injection products will
be identical to the approved indications, route of administration, and dosage regimen
(dose, frequency, and duration) for the 1 gand 2 g IV doses of MAXIPIME.

INDICATION:

Cefepime is a fourth-generation cephalosporin antibacterial agent indicated for use in the
treatment of pneumonia, chemotherapy-induced febrile neutropenia, urinary tract
infections, uncomplicated skin infections, and complicated intra-abdominal infections.

RELATED SUBMISSION REVIEWED:
NDA 50-679

TYPE OF SUBMISSION:
505(b)(2).

PURPOSE OF SUBMISSION:

Due to the difference in dosage form and formulation composition, this application is
being submitted under Section 505(b)(2) of the FD&C Act. Baxter is relying on the
Agency’s previous finding of safety and effectiveness of MAXIPIME to support the
safety and effectiveness of Baxter’s premixed drug products, precluding the need to
conduct any clinical trials to support this application. Baxter has conducted nonclinical
studies to qualify the safety of the impurity profile of the premixed drug products.

REMARKS:

- MICROBIOLOGY SUBSECTION OF THE LABEL:

The microbiology section of the label was revised to reflect the current CLSI guidelines. b( 4)

Additionally, the organism - was omitted from the second list since the
genus Enterobacter is present in the first list. Disk diffusion testing of S. pneumoniae can
be unreliable when conducted with a — . therefore, disk diffusion
susceptibility testing should be done with an oxacillin disk.

SUMMARY AND RECOMMENDATIONS:

From the microbiology perspective, based on analysis of the information provided by the
applicant, the Reviewer recommends approval of this NDA under Section 505(b)(2) of
the FD&C Act. The Agency recommends that that Applicant update the microbiology
section of the label to reflect the current CLSI guidelines.

3
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- DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
' CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07

INTRODUCTION AND BACKGROUND:

Baxter Healthcare Corporation has submitted a New Drug Application for the approval of

cefepime injection in Galaxy Container. They are not proposing to change the
microbiology section of the label. However, the Applicant has proposed to change the
formulation of the product proposes two presentations: 1 g/50 mL (1 g of cefepime in a
50 mL container) and g/100 mL (2 g of cefepime in a 100 mL container). The
formulation of the two presentations is identical; only the container volume (50 mL or
100 mL) is dlfferent The formulation contains~————————————"and the.

: . Approximately 725 mg of L-Arginine is added
per gram of cefepime as a pH adjuster. The pH may be adjusted with hydrochloric acid
and/or additional LArginine. The pH is 4.0 — 6.0.

According to the Applicants description, Cefepime Injection is a premixed IV
formulation of the Reference Listed Drug, MAXIPIME (Cefepime Hydrochloride) for
Injection (NDA 50-679, held by Bristol-Myers Squibb, approved on 01/18/96).
MAXIPIME is for IV or IM use and must be reconstituted with a suitable diluent prior to
use. Baxter’s proposed 1 g/50 mL and 2 g/100 mL premixed products are for IV use only
and are stored frozen (at or below -20°C) for long-term storage and thawed prior to
intravenous administration. The proposed indications, route of administration, and
dosage regimen (dose, frequency, and duration) for Baxter’s 1 g/50 mL and 2 g/100 mL
Cefepime Injection products will be identical to the approved indications, route of
administration, and dosage regimen (dose, frequency, and duration) for the 1 gand 2 g IV
doses of MAXIPIME.

Cephalosporins are known to inhibit the penicillin binding proteins (PBPs), enzymes
involved in bacterial cell wall synthesis, resulting in abnormal cell wall thereby
promoting cell lysis. However, the development of bacterial resistance to antibiotics is a
major issue throughout the healthcare system; and resistant organism may emerge due to
a myriad of factors some of which involves widespread usage of antibiotics. There are
three ways in which bacteria avoid the bactericidal effect of B-lactams':

* (a) Production of beta-lactamases. Beta-lactamases are bacterial enzymes that hydrolyze
the beta-lactam ring and render the antibiotic inactive before it reaches the PBP target.
The underlying structural kinship that beta-lactamases share with PBPs allows these
enzymes to bind, acylate, and use a strategically located water molecule to hydrolyze and
thereby inactivate the beta-lactam?.

(b) Altered PBPs that exhibit low affinity for beta-lactam antibiotics. Examples are PBP
2x of Streptococcus pneumoniae and PBP 2' (PBP2a) of Staphylococcus aureus™. These
PBPs are relatively resistant to inactivation by penicillins and are able to assume the
functions of other PBPs when the latter are inactivated.

b{4)



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07

(¢) Lack or diminished expression of outer membrane proteins (OMPs) in gram-negative
bacteria. The loss of OMPs restricts the entry of certain beta-lactams into the periplasmic
space of gram-negative bacteria and hence access to PBPs on the inner membrane.
Imipenem resistance in Pseudomonas aeruginosa and Klebsiella pneumoniae can arise
from the loss of OMP D2 and of OmpK36, respectively™>*.

Cefepime is a semi-synthetic, forth generation broad-spectrum cephalosporin that is
active against a variety of Gram negative and Gram positive bacteria due to improved 3-
lactamase stability; thereby resulting in increase antibacterial stability”. o

Antimicrobial_ Spectrum of Activity:

The Applicant has not proposed any changes to the microbiology section of the label.
The current interpretive criteria for MAXIPIME® are listed in Table 1. Standardized
procedures are based on a dilution method ! (broth or agar) or equivalent with
standardized inoculum concentrations and standardized concentrations of cefepime
powder. The minimum inhibitory concentration-against control microorganisms are listed
in Table 2. :

Table 1: The current interpretive criteria for MAXIPIME®

[ I _ : MIC (ug/mL) 1
IMicroorganism — ‘I Susceptible (S) “ Intermediate (I) ;[ Resistant (R) j
Microorganiims other than Ha.emophilus | <=8 16 ‘ ;l >/=32
spp. * and S. pneumoniae .
L_.._._ _ Haemophilus spp. * J I </=2 “ - * [ - * ,f
[‘ ____Streptococcus pneumoniae * ,i </=0.5 “ 1 [ >/=2 .

*NOTE: Isolates from these species should be tested for susceptibility using specialized dilution testing methods. ! Also, strains of
Haemophilus spp. with MICs greater than 2 pg/mL should be considered equivocal and should be further evaluated.

Table 2: The minimum inhibitory concentration range against control microorganisms.

. Microorganism I arcc | miC@gmy) |
] Escherichia coli i 25922 . i 0.016-0.12 's
iﬁ o Staphylococcus aureus §L 29213 H 14 3
L Pseudomonas aeruginosa i [ 27853 ;l " 14 ;
I Haemaophilus influenzae “ 49247 1[ 052 M..._.Mm..-.i
| Streptococcus pneumoniae H 49619 §| 0.06-0.25

This review will attempt to analyze susceptibility/resistance rates of cefepime since its
approval. In 2005, Bijie et al. conducted a literature review of the in vitro activity of
ceftriaxone compared to third and fourth generation cephalosporins (including cefepime).
It is unclear if all MIC studies were conducted in accordance with the CLSI guidelines.
Table 3 shows the result of the study that compared the in vitro activity of third

10



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07

generation cephalosporins (ceftriaxone, cefoperazone/sulbactam (sulpreazone) with
cephalosporins (cefpriome and cefepime)’.

Table 3: Comparative in vitro activity (MIC50 and MIC90)* of third generation cephalosporins and 4™ generation
cephalosporins.

Coftim et ;
W MiCor Micw  Mich Men Mk TMc,  McoTPROmE

Gram-posttive bacteria

Methicilin-susceptible

Staphylococcus aureus 4 4 2 32 2 q 0.51 0.5-1

Ci d hyt 1 28 6532 1.52 38 14 1.5516 0.5 2 ‘
f-haemolytic streptococet £0.25° <0.25 €05 <5 £0.12 £0.12 Ry
Virkdans group streptococct D025 1 s0.12 1 ¥
Streptococcus pneumoniae 0.120.5 1 <1 <1 <0.12-0.5 1-2 0.03 0.25

$. preumoniae Pen-St 0.03 0.06 <0.12 s0.12  0.016-0.032 0.03-0.125

S. pneumoniae Pen-B 0.120.25 1 0.25 1 0.06 0.5

8. pneumoniae Pen-R™ 1 2 1 2 0.5 0.5-1

Anaerabic coccl 1 8 1 3z

Clostridium spp. 0.5 64 2 16

Entercbacteriaceae

Cttrobacter spp. 2. | 1664 <4 232 <1 16 0.25 1 0.032 0.063

Klebsigiia spp. £0.06<2 <0.25-52 x4 8 <1 <4 <0.06<0.12 0.25 0.03 0.03-0.063

Enterobacter spp. 0.12-<2 1264 < =32 2 232 <0.06 1 0.063 4

Escherichia cofi 5006-Sg £0.0652 <4 232 <i 2 <0.06 0.12 0.032 0.063

Morganella spp. £0.06-s2 0.58 <4 16 st <4 <0.06 $0.06 0.032 0.125

Protous spp. $0.06<2 <0.06>64 54 232 sI <1 <0.06 0.12 0.125-0.25 0.125-1

Serratio spp. 0252 0.25<2 <4 8 <1 2 0.12 0.25

Other Gram-negative bacteria -

Haemophilus influenzae $0.25 s0.25 <0.12 £0.12 0.008 0.01

Psaudomonas ceruginosa 232 >32->256 4 32-64 34 16-64 a 16

Acinetobacter spp. 16 »16->256 2 64 416 >16-96

Fusobacterium spp. 0.12 4 4q 16

Prevotella spp. 0.5 - 32 1 32

Bacteroldes fragilis 8 64 8 63 25 >200

*Minimum inhibition concentration; tbold values indicate MIC’s >8ug/ml; tPenicillin susceptible (MIC<0.06 pug/ml); §Penicillin
intermediate (MIC 0.012-1 pg/ml); **Penicillin resistant (MIC >2ug/ml).

Cefpirome MICy values were 4-8 folds lower than cefepime against S. aureus and 8 fold
lower against coagulase-negative staphylococci (Table 3). Against penicillin resistant S.
preumoniae isolates, cefpirome demonstrated MICo, values that were 2-4 folds better
than cefepime. Generally, the 4% generation cephalosporins (especially cefpirome)
exhibited lower MIC activity against the Gram negative and Gram positive isolates
examined in the study.

- Since approval of cefepime, the SENTRY Antimicrobial Surveillance (established in
1997 to monitor the occurrence of pathogens and antimicrobial resistance patterns of
nosocomial and community-acquired infections via a network of hospitals distributed by
geographic locations) evaluated the in vitro activity of cefepime against a large 6-year
collection (1998-2003) of clinical isolates in North America.

A total of 65,746 clinical bacterial isolates were analyzed (Table 4)%. All isolates were
identified by the participating laboratories and confirmed by the monitoring facility (JMI
Laboratories, North Liberty, IA). Each isolate was tested by a reference broth
microdilution method against more than 30 antimicrobial agents. All quantitative MIC
results were done in accordance with Clinical and Laboratory Standards Institute (CLSI,
2005) methods and criteria. Quality control testing was performed using the following
organisms: Streptococcus pneumoniae ATCC 49619, Staphylococcus aureus ATCC

11



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07 , __ }

29213, Escherichia coli ATCC 25923, and Pseudomonas aeruginosa ATCC 27853. All
quality control results were within published ranges as those reported by CLSI, 2005.

Table 4: Frequency of occurrence for bacterial isolates in the SENTRY Antimicrobial
Surveillance Program medical centers in North America for the years 1998-2003 (65746 strains)

Organism or group No. of % of all
occurrences isolates
1. Oxacillin-susceptible S. aureus 10 835 16.5
© 2.E. coli . 10 361 15.8
3. Streptococcus pneumoniae 9244 14.1 LY
4. H. influenzae 7975 12.1 I
5. P. aeruginosa 5517 84
6. Klebsiella spp. 5166 19
7. M. catarrhalis 3565 54
8. Enterobacter spp. 2836 43
9. B-Hemolytic streptococci 2703 4.1
10. Serratia spp. ' 1412 22
11. Proteus mirabilis 1225 1.9
12. Oxacillin-susceptible 1177 1.8
coagulase-negative staphylococci
13. Acinetobacter spp. 1046 1.6
14. Viridans group streptococci 783 1.2
15. Citrobacter spp. - 717 1.1
16. Indole-positive Proteus spp. 433 0.7
17. Salmonella spp. 405 0.6
18. Shigella spp. 106 0.2
19. Other species 240 04 )

Oxacillin-resistant Staphylococcus spp. and Enterococcus spp. isolates were not included.
Tables 5-9 shows a comparative analysis of the in vitro activity of antibacterial agents

currently ugsed in the hospital environment. The data was taken from studies published by
Sader et al”.

12



DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS
CLINICAL MICROBIOLOGY REVIEW

NDA: 50-817

DATE REVIEW COMPLETED: 11/26/07

Table 5: In vitro activity of cefepime and.selected comparators against Enterobacteriaceae collected in North America

(SENTRY Program, 1998-2003)

Organism/antimicrobial agent (no. tested)

MIC (rg/ral)

Category*
50% 0% Range % Susceptible % Resistant
Citrobacter spp. (17)°
Cefepime <0.12 03 50.12 to >16 9.6 03
Ceftaxidime 52 >i6 <2to >16 84.1 134
Ceftriaxone 5025 32 %025 to >32 86.5 64
Aztreonam <0.12 >i6 <012 to >16 854 110
Piperacittintazobactany 2 32 £0.5t0 128 879 42
Tmipenem 0.25 1 =<0.5 to >3 99.9 0.1
Ciprofloxacin 012 0s <0.016 to >4 923 5.7
Gatiffoxacin =003 1 <0.03 10 >4 9.7 43
Amikacin 1 2 <0.25 to 32 99.7 Q.0 ‘
Gentamicin <2 < S2t0 >16 94.1 46
Enterobacter spp. (2836)°
Cefepime %0.12 2 <0.1210 =16 99.0 04
Ceftazidime 52 >16 $2t0 >16 79.2 175
Cefiriavone <025 32 02510 >32 823 9.3
Aztreonam 50.12 >16 =012 to >16 81.1 146
Piperacillin‘tazobactam 2 64 0.25 to0 256 830 65
Imipenem 035 1 <0.5t0 >8 938 (1R}
Ciprofloxacis 0.06 0.5 <0.016 to >4 93.6 46
Gatifloxacin <0.03 0.5 <003 to >4 9535 29
Amikacin 2 4 <0.25 to >32 99.2 02
Gentamicin <2 <2 s2to >16 93.7 5.0
E coli (10361)
Cefepime =0.12 <0.12 <0.12to >16 997 02
Ceflazidime =2 =2 <2t0 >16 985 10
Cefiriaxone £0.25 =0.25 £0.2510 >32 98.9 04
Aztreoasm <0.12 0.25 =0.1210 >16 989 0.7
Piperacillinitazobactam 2 4 $0.12 to >256 96.6 1.1
Imipenen - <05 <05 =0S5104 100.0 0.0
Ciprofloxacin <025 =025 <0.25to >4 93.1 6.7
Gatifloxacin <003 0.12 =003 to >4 93.4 52
Amikacin 2 4 <025 to »32 99.7 0.0
Gentamicin <2 =2 =2t0 >16 95.8 33
E coli (ESBL-producing, 386}
Cefepime 025 4 =0.12 to >16 93.8 4.1
Ceflazidime 8 =16 <2to >i6 60.6 272
Cefiriaxone 1 >32 <025 to »32 71.8 114
Cefoxitin >32 =32 <0.25 to >32 29.8 56.7
Aztrsonam 4 ~16 <0.12 10 >16 71.2 19.4
Piperaciltintazobactam 4 64 <0510 >64 86.2 6.5
Inipenem <0.5 0.5 205104 100.0 0.0
Ciprofioxacin =0.25 »>2 5025 te »2 68.7 293
Gatifloxacin 0.06 >4 <003 to >4 71.2 244
Amikacin 2 8 05t >32 9722 0.3
Gentamicin =2 >8 <2to >8 728 212
Klebsiefla spp. {5166
Cefepime 5012 0.25 =0.12 ta >16 933 03
Ceftaziditne 52 =2 =2to =16 94.6 49
Cefiriaxone =025 =0.25 <0.25 to >32 96.1 1.2
Aztreonam <0.12 0.5 $0.12 to >16 9435 5.0
Piperacillin'tazobactam 2 8 £0.12 to >256 94.0 34
{mipenem =05 =05 0.5 to >8 9.9 0.1
Ciprofloxacin 0.06 05 <0016 10 >4 94.0 47
Gatiffoxacin 0.06 05 =0.03 10 >4 935 28
Amikacin 1 2 <025 10 >32 . Y84 0.9
Gentamicin <2 <2 <2to »16 94.4 42
Klebsiella spp. (ESBL-producing, 442)
Cefepime 1 8 <012 10 >16 92.5 3.6
Ceftazktime >16 >16 =210 >16 369 370
Cefiriaxone 8 >32 <025 10 >32 53.8 138
Cefoxitin 16 >32 =025 to >32 49.5 351
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DIVISION OF ANTI-INFECTIVE AND OPTHALMOLOGY PRODUCTS

NDA: 50-817

Table 5 (continued)

CLINICAL MICROBIOLOGY REVIEW

DATE REVIEW COMPLETED: 11/26/07

Organism/antimicrobial agent (no. tested) MIC (g/mL) Category®
- 50% 90% Range % Susceptible % Resistant
Klebsiella spp. (ESBL-producing, 442)
Aztreonam >16 =16 <0.12 10 > 16 357 58.6
Piperacillin/tazobactam i6 >64 50510 >64 S1.2 286
Imipenem =0.5 <05 <0510 >8 03 0.5
Ciprofloxacin 1 >2 02510 >2 602 321
Gatifioxacin 1 >4 <0.03 10 >4 69.0 204
Amkacin 2 >32 <0.25 0 >32 814 111
Gentamicin <2 >§ =2t0 >8 473 40.5
Profeus mirabilis (1225)
Cefepime =0.12 <0.12 <0.1210 >16 99.5 03
Ceftazidime =2 52 =<2t0 >16 99.2 035
Cefiriaxone <025 =025 <025 10 >32 99.3 04
Aztreonam =0.12 =012 <0.1210 > 16 9.2 0.6
Piperacillin/tazobactam <05 1 <0.12t0 >~64 99.6 02
imipenem 1 2 <0060 3 995 090
Ciprofloxacin  * 0.12 >2 <0.016 10 =2 86.0 113
Gatifloxacin 0.12 4 00310 >4 86.0 9.7
Amtikacin 4 8 05t >32 9.7 02
Gentamicin =2 4 =210 >16 93.7 5.1
indole-positive Proteae spp. (433)
Cefepime €0.12 025 <0.12t0 > 16 98.6 0.5
Ceflazidime =2 16 <21t >16 89.1 53
Cefiriaxone =025 2 <025t0 >32 96.1 14
Axtreonam <012 2 <0121 >16 96.1 25
Piperacillin/tazobactam =05 4 <0510 >64 96.8 0.9
Imipencm 2 4 <0508 98.6 00
Cigrofloxacin <0.25 >2 03510 >2 74.1 229
Gatifloxacin 012 >4 %003 10 >4 76.2 20.1
Amikacin 2 4 <0.2510 >32 98.4 05
Gentamicin =2 8 <2t >8 85.9 92
Salmonella spp. (405)°
Cefepime =0.12 <0.12 012102 100.0 0o
Ceflazidime =2 <2 s210 >16 96.0 25
Ceftriaxone <0.25 =0.35 02510 32 96.8 0.0
Aztreotam 0,12 025 <012 10 > 16 973 07
Piperacillintazobactam 2 4 <0510 >64 98.3 .7
Imipenem <0.5 <03 205102 100.0 0.0
Ciprofioxacin =0.25 <025 %025102 9.8 0.0
Guiifloxacin <0.03 0.06 5003102 100.0 0.0
Amikacin 2 2 £0.2510 16 100.0 0.0
Gentamicin <2 =2 <21t >16 93.0 1.0
Serratia spp. (1412 straing)’
Cefepime =012 025 =0.1210 > 16 99.3 04
Ceftazidime =2 =2 <210 °>16 975 1.7
Cefiriaxone €025 1 £0.25 1o >32 96.4 0.8
Azirconam =0.12 0.5 =0.12to > 16 97.7 2.1
Piperacillin‘tazobactan 2 4 <05 to > 256 95.5 0.6
Imipenem 0.5 2 <05t >8 9.6 0.2
Ciprofloxacin =0.25 1 =025t >4 928 4.1
Gatifloxacin 025 2 003 0 >4 9244 29
Amikacin 2 4 £0.25 10 >32 998 0.1
Gentamicin <2 =2 <2to >16 96.3 23
Shigella spp. (106)%
Cefepimne =0.12 0.25 2012101 100.0 09
Cefazidime 2 <2 22104 100.0 00
Cefiriaxone 025 =0.25 =025 05 100.0 0.0
Aztreonany =0.12 =0.12 01210025 100.0 00
Piperacilin’tazobactam 2 4 <05 10 >64 9.1 09
Imipenem =0.5 =03 <05 100.0 [1XH]
Ciprofloxacin <0.03 <0.03 =0.03 10 0.5 100.0 0.0
Gatifloxacin <003 =<0.03 <003t 05 100.0 0.0
Amikacin 4 8 2108 100.0 00
Gentamicin <2 52 =2 100.0 0.0

Q!U‘
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Organism/antimicrobial agent (no. tested) MIC (ug/mL) Category”
30% 9% Range % Susceptible % Resistant
Alf entesic bacilli (22 360)
Cefepime =012 0625 <0.12t0 >16 9.5 03
Ceftazidime <2 =2 s2to 16 94.5 45
Cefirtaxone 2025 0.5 £0.25 to >32 95.6 19
Aztreonam <012 a3 <0.12t0 >16 95.1 39
Piperacillin/tazobactam 2 8 ' <0.12 10 >256 942 23
Imipenem 025 i <006 t0 >§ 99.9 0.0
Ciprofloxacin 0.06 0.5 <0016 to >4 28 6.1
Gatifloxacin =0.03 05 <0.03 1o >4 93.7 46
Amikacin 2 4 %025 t0 >32 94 03
Gentamicin <2 <2 <210 >16 95.0 38
* According to the criteria published by the CLSI (2005).
® Includes Ctrob lonaticus (27 stmins), C. braaki (25 siraing), C. diversus (4 strains), C. farmert (4 strains), C. freundit (382 strains), C. kosert ’
(232 straing), and Citrobacter spp. (43 strains). ’ B
¢ nch Enterol s (719 strains), K. amnigenus (4 strains), £ asburice (5 steains), E. cancerogenus (6 sisins), E cloacae (1975 steains),
E. gergoviae (12 steains), E. hormaechei (3 siming), £ intermedium (3 strains), E sakozakii (13 strains), & taplorae (6 straing), and Enterobacter spp.
(90 strains).
< Includes Klebsiella omithinolytica (11 steains), K. exptoca (801 strains), K. (8 strains), K. p e (4249 steaing), K. terrigena (1 strain),

and Klebsiella spp. (96 strains).

© Includes Salmonella agona (4 sieains), S. arizonae (1 strain), § berwilly (1 strain), S. enterica {4 straing), S. enteritidis (23 strains), Sal lla group B
(61 strains), Salmonella group C(20 sirains), Salmonella group D (44 strains), S hadar (2 strains), S heidelberg; (19 strains), S. infantis (2 stmins), §. lechfleld
(1 strain), S. montevideo (1 urain), 5. muerichen (3 steains), S. newport (5 steains) . panama (1 strain), §. paratyphi (11 steain), S. schwarsergrund (1 strain),
& stanley (2 strains), S. StPauf (1 straim), S. thompsort (1 strain), 8. (yphi (15 strains), S typhimurium (28 steains), 5. virchow (1 strain), and Salmonella spp.
{133 sraing).

f bcludes Servatia fonticola (9 sirains), Serratia liguifaclens (27 strains), Serratia marcescens (1345 strains), Serrutia odorifera (3 staing), Serratia
plymuthica (3 steains), Serratia rubidaca (13 steains), and Serratia sp. (12 steains).

& Includes Shigefla boydif (5 strains), . dysenteriae (4 straing), 8. flemeri (18 Steains), 5. sonnei (65 strains), and Shigella spp. (14 straing).

Table 6 shows the in vitro activity of cefepime and selected comparators against non-
fermentative Gram negative bacilli collected in North America (SENTRY program,
1998-2003).

Table 6: In vitro activity of cefepime and selected comparators against nonfermentative Gram-negative

bacilli

Organismaatimicrobial MIC (ug/mik.) Category*
agent (no. lested) 0% %% Range % Suxceptible % Resistant
P geruginasa (3517)
Cefepime. 4 16 <0.1210 > 16 852 53
Ceflazidime 2 >16 210 >16 828 128
Aztreonam 8 >16 201210 >16 637 215
Fiperacilliniazobactam 8 >64 50510 >64 89.0 110
tmipeniem ! 3 50510 >8 869 16
Ciprofloxacin 0.25 2 <£0.25 10 >2 752 190
Gatifloxacin | >4 <0.03 10 >4 69.1 216
Amikacin 4 8 <0.2510 »32 96.2 20
Gentamicin <2 b3 210216 859 94

Acingtobacter spp. (1046)°
Cefepiime 4 >16 50.1210 >16 63.0 227
Ceflzidime 8 >16 <20 >16 62.0 22
Ceftriaxone i6 »32 =0.25 10 >32 322 293
Aztreonam >16 »16 <0.1210 16 9.6 731
Piperacitlinftazobactam 8 >64 %0510 >64 6.7 203
Imipenem 0.3 4 s03to>8 923 46
Ciprofloxacin 0.35 >4 <025 to >4 60.6 319
Gatifloxacin 0.12 >4 <0.03 to >4 64.6 288
Amikacin 4 32 <025 10 >32 852 96
Gentamicin <2 >8 <210 >8 64.} 311

* Criteria a5 published by the CLSI (2005).
® Includes Acinetobacter haemolyticus (3 sins), A anitratus (59 straing), 4. calconcetions (80 simins) 4. baumannii (747 swains), A feoffi
{113 strains), 4. junii (3 strains), and Acinetobactir spp. (41 strains).

Table 7 shows the in vitro activity of cefepime and selected comparators against Gram-
negative bacilli collected from community-acquired respiratory tract infections in North
America (SENTRY Program, 1998-2003).
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Table 7: In vitro activity of cefepime and selected comparators against Gram-negative bacilli collected from
community-acquired respiratory tract infections in North America

Organismantimicrobial agent (no. tested) MIC (ug/mL) Category”
50% 90% Range % Susceptible % Resigtant

H. influensae (1975)
Cefepime <0.06 0.12 <0.06 t0 2 100.0 -
Ceftriaxone <025 =025 <025 t0 2 100.0 -
Cefuroxime 1 2 <0.06 to >16 987 02
Ampicillin =05 >4 <05 to >4 68.5° 3L.5°
Amovicillin‘clnulanate <2 <2 =210 >8 99.9 0.1
Azithromycin 1 2 <0.06 10 >16 86.8 -
Levofloxacin <05 0.5 =05to 2 100.0 -
Gatiftoxacin =003 <003 . S003t01 1000 -
Tetracycline : <4 <4 <410 >16 ° 869 0.5
Trimethoprim/sulfanieth i =05 >4 €0.510 >4 79.5 159 &

M. catarrhdlis (3565) A
Cefepime 05 2 00610 8 - -~ ®
Ceflriaxone 025 0.5 <0.008 to 8 - -
Cefuroxime 1 2 00610 8 - -
Ampicillin <2 4 <2 to 16 4.4° 95.6°
Amoxiciltin/clavulanate <023 05 2025108 - -
Azithromycin $0.12 <012 <0.1210 1 - -
Levofloxacin <0.5 =05 =05 ta >4 - -
Gatiffoxacin <0.03 <$0.03 50.03 to >4 - -
Tetracycline 52 =2 =2to 16 - -
‘Trimethopri Haneth i =0.5 =05 05t 8 - -

“ Criteria as published by the CLSI (2003) for Haemophilus spp.
b - = no criteria have boen established by tbe CLSI (2005).
° Isolates were ¢ zed es plible or resh to ampicillin based on the p-lactamase test result (CLSI, 2005)
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Table 8: In vitro activity of cefepime and selected comparators against Gram-positive cocci collected in North America (SENTRY
Program, 1998-2003)

Orgastism/antimicrobial agent (0. tested) MIC (ug/mL) Category”
50% €% Range % Susceptible % Resistant

Staphylococcus aureus (10835) .

Cefepime 2 4 5012t08 1000 0.0
Ceflzidime 8 16 <0.12 to >16 864 04
Ceftriaxone 4 4 <03510 16 97 00
PigeracillinAazobactam 1 2 501210 64 998 02
mipenem <05 <05 50510 >8 1000 00
Ciprofloxacin 025 1 <0016 ta >4 932 34
Gatiffoxaci 006 012 00310 >4 95.0 " e
Clindamyein 0.12 028 <006 10 >3 958 40 5
Trimethoprim/sulfamethoxazobe =05 <05 <65 1o >2 98.7 13
Vancomycin i 1 012104 1000 a0

Coagut gative staphylocoesi (1177

Cefepime 035 2 <0.12t0 8 100.0 0.0
Ceftazidime 4 8 425 >16 94.1 0.6
Cefiriaxone 2 4 <025t0 >32 992 0.1
Piperacillinfazobactam 0.5 H 2035108 100.0 00
Imipenem 0.3 <05 50310 >8 98 02
Ciprofloxacin =025 32 00610 >2 86.5 124
Gatifloxacin o 2 <0.03 to >4 873 10.7
Clindam yein 0.12 023 <0.06 10 »8 90.7 90
TrmethoprimSulfametboxazols <05 >2 20510 »2 89.7 103
Vancomycin 1 2 <0.12104 100.0 00

Steeptococcus preumoniae (9244)

Cefepinte <0.06 1 %006 to >8 974 03
Ceflriaxone - 0.06 i <0.008 to >16 96.5 14
Penicillin =0.03 2 200308 69.9 152
Amoxicillindiavutanate <025 2 <02510 >16 952 5
Brythromycin =0.25 8 <025 10 »32 76.6 25
Clindzmycin <0.25 <025 %0251 ~16 92 76
Levoftoxacin i 1 =003 to >4 99.2 0.7
Gatiffoxasin 025 03 5003 t0 >4 992 0.7
Tetracyciime <1 >16 5210 >16 670 141
Trnwethoprir'sulianwethoxazole <63 4 <03 t0 >8 700 225

{-Hemolytic streptococci (2703)°

Cefepime <012 <012 <0.1210 0.3 100.0 -
Cefiriaxone 0.06 0.06 <0.008 to 0.3 1000 -
Penicillin 003 0.06 <0.016 to 0.25 >999 -
Amoxicillind svulanate 2 2 <2104 - -
Erythromycin <0.06 2 £0.06 to >32 803 88
Clindamycin : =0.06 =006 %0.06t0 >8 93.2 6.6
Levofloxachn Tooes 1 <003 10 >4 96 03
Gatifloxacin 025 0.25 <0.03 10 >4 9.7 0.1
Tetracycline >8 =8 <2t0>8 32 54.1
Trimethoptiovsutfamethoxazole <0.5 <03 <0510 >8 - -

' Viridans group streptococci (783)

Cefepinte . =0.12 1 =0.1210 >8 941 23
Cefiriaxone 012 a3 <0.008 10 16 936 27
Penicillin 0.06 1 0016 to 8 5.7 42
Amoricillin/clavutanate <2 <2 <2te 16 - - -
Erythromycin 5025 8 03510 >32 38.0 382
Clindamycin £0.06 0.12 2006 to >3 922 78
Levofloxacin 3 2 <0.03 to >4 96.9 21
Gatifloxacin 025 a3 <0.03 to >4 912 24
Tetracycline ) <4 >3 <410 >§ 683 37
Tnrthoprimsulfamethoxazrole 0.5 2 =0510 >8 - -

* Criteria 5 published by the CLSI (2005).

® Includes only oxacillin-susceptible staphylococci.

© Inchudes Staphylococcus auricularis (9 sirains), S, capitis (30 steaing), 5. caprae {1 strain), coapulase-negative staphylococci (745 strains), §. cohnli
(1 sain), 5. epidermidis (267 steains), S. haeviolyticus (20 strains), S hominds (46 swraing), S. Intermedius (7 steains), 5. lugdunensis (6 Sirsing),
8. saprophyticus (1 strain), S seiurd (2 sicaing), & sirualans (17 stexins), §. warnerti (14 strains), and Siaphylococcus spp. {11 straing).

# Includes p-hemolytic streptococci (52 strains), 8. dysgalactiae (1 sirain), 5. equisimilis {2 strains), group A f-hemalytic streptococst (900 steaing), grop
B p-hremolytic streptococci (1328 straing), gmonp C p-hemolytic streptocoeci (77 stiains), group F B-hemelytic streptacocci (31 strains), gioup G p-hemolytic
streplacooci (301 simins), and Streptocaccus gpp. {11 straing).

© ~ = no breakpoint has been established by the CLSI (2005).
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Table 9: Antimicrobial spectrum of cefepime and selected comparators by year

Organism % Susoxptiblefredistant by year (no. of isolates tested)

1998 1999 2000 2001 2002 2003
P, aeruginosa (1099) (1041) (1107) 815) (1058) @97
Cefepime 85.6/4.6 34.5/6.1 84.4/58 34.9/6.3 $5.1/5.6 88.4/3.5
Ceftazidime . L1135 79.5/14.8 825126 834134 86.0111.4 87.2/8.3
Piperacillin/tazobactam 29.9/100 88.4/11.6 883116 88.6/11.4 88.87112 9L.4/8.6
Imipenem 84.7102 £8.4/72 87.777.0 86.6/3.5 86.4/5.7 29.4/6.5
Ciprofloxacin 773172 76.1/17.1 738211 757189 7331200 75.3/202
Gentamicin 86,6188 86.7/9.1 3341113 85.0/9.6 85.9/3.9 90.4/73
Klebslella spp. ©18) (876) (944) (757 915) 756)
Cefepime 9.303 99.2/02 99.702 99.6/0.4 99.20.2 98.9/0.7
Ceflazidime 95.8/4.0 . 86.1/33 96.43.3 94.2/50 2012 9227,
Piperacillin/tazobactam 93.03.2 95.9/2.6 932021 94.5/33 934554 94.043.
Lnipenem 99.900.1 100.0/0.0 100.00.0 99.7/0.0 99.9/0.1 99.90.1
Ciprofloxacin 95.1/4.0 95.3/3.4 95.83.4 23.5/5.0 93.4/4.0 39.8/9.1
Gentamicin 95.1/2.7 96.3/22 96.372.6 93.9/4.4 91.611.7 93.0/5.3
Enterobacter spp. 1) (526) (520) @79) 75) (329)
Cefepime 99.4002 98.71.0 99.40.0 99.2/0.6 99.2/0.6 97.3/0.3
Ceftazidime 771198 73.8/219 808167 78INTS 7891175 £3.6/14.0
Piperaciflin/tazobactam 79.5/82 7971105 821448 84.4/4.8 34.4/48 87.8/4.9
Imipenem 100.00.0 99.8/0.0 100.0/0.0 99.4/0.6 99.4/0.6 99.7/0.0
Cigrofloxacin 93.98.9 94.5/32 95433 92.4/6.5 924565 90.9/7.3
Gentamicin 94145 93.3/53 952135 93.5/5.9 93.5/5.9 91.5/5.%
Al enteric bacilli (a307) (3751) (4138) (3518) (3682) 3a14)
‘Cefepime 99.40.3 99.4/0.3 99.8/0.1 99.5/0.3 99.50.3 99.3/03
Cefazidime 94.6/4.6 94.1/4.8 954739 93.9/4.7 93.855.0 95.1/3.7
Piperacillin/tazobactam 92725 94.4/2.6 92.9/1.6 94.8/2.1 95.02.7 95.7/2.3
fmipenem 99.7/0.0 100.0/0.0 100.00.0 99.3/0.1 9%.9/0.1 99.9/0.1
Ciptofloxacin 95.13.9 94.3/4.6 94,646 0764 90.977.5 28.2/108
Gentamicin 95,632 95.7/33 96.32.8 94939 93.4/53 93.9/4.9

The results of the SENTRY study found that all Enterobacteriaceae species evaluated
were highly susceptible to cefepime, with susceptibility rates ranging from 98.6%
(indole-positive Proteae) to 100.0% (Salmonella and Shigella). Cefepime was also very
active against ESBL-producing E. coli (MICq = 4 ng/mL, 93.8% susceptible at < 8
pg/mL) (CLSI, 2005) and Klebsiella pneumoniae (MICqo = 8 png/mL, 92.5%
susceptibility). However, cefepime demonstrated relatively low activity against
Acinetobacter spp., with susceptibility rates of 63% (MIC range <0.12 to >16 ug/mL. All
H. influenzae isolates tested (7975) were susceptible to cefepime (MICgy = 0.12 pg/mL);
and of the 7975 H. influenzae tested, 31.5% were B-lactamase produces and all were
reported to be susceptible to cefepime.

Cefepime continues to demonstrated activity against methicillin susceptible S. aureus
 (MSSA) (MICsp = 2 pg/mL; MICgo = 4 ng/mL) with 100% of isolates being susceptible
(Table 8). Cefepime was slightly more active against methicillin susceptible CoNS
(MICso = 0.5 pg/mL; MICq = 2 ng/mL) when compared with the MSSA results. Against
Streptococcus pneumoniae, 97.4% of the isolates were susceptible to cefepime (MICoy =
1 pg/mL. The data showed that only 0.3% of Streptococcus pneumoniae isolates were
resistant to cefepime (MIC > 4 ng /mL). Cefepime continues to show good activity
against f-hemolytic (MIC90 < 0.12 pg/ml) and viridans group streptococci (MIC90 = 1
pg/mL).

Table 6 shows the susceptibility and resistance rates for P. aeruginosa, Klebsiella spp.,

Enterobacter spp., and the entire Enterobacteriaceae group when tested against the major
representatives for antimicrobial agent classes evaluated. Cefepime activity remained
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constant between 1998-2003. Against P. aeruginosa, susceptibility/resistance rates
varied from 85.6%/4.6% in 1998 to 88.4%/3.5% in 2003. Against Enterobacteriaceae,
susceptibility/resistance rates remained basically unchanged. The results from the 1998-
2003 SENTRY analysis showed that cefepime continues to demonstrate activity against
Enterobacteriaceae, P. aeruginosa, and the most prevalent Gram-positive cocci (except
methicillin-resistant staphylococci and enterococci) isolated in North American medical
centers.

In a similar study, the activity of cefepime was tested against isolates from pedaatric
patientsg, the results of which were published in 2007. The study examined 12737
isolates from pediatric patients (< 18 years of age) isolated over a 7-year period (1998-
2004) from 52 hospitals in North America. All isolates were identified by the
participating laboratories and confirmed by the monitoring facility (JMI Laboratories,
North Liberty, IA). The strains were predominantly isolated from blood (4876, 38.3%),
community-acquired respiratory tract infections (4223, 33.2%), respiratory tract
specimens of patients with nosocomial pneumonia (1609, 12.6%), documented skin and
soft tissue infections (589, 4.6%), and urine (472, 3.7%).

MIC:s of 14 antimicrobials were determined according to CLSI broth microdilution
methods, and interpretive criteria. §-Lactamase characterization was determined using
nitrocefin disks (Remel, Lenexa, KS). Extended spectrum B -lactamase production was
screened and confirmed in accordance with CLSI methods. Concurrent quality control
testing was performed using the following organisms: Escherichia coli ATCC 25922, P.
aeruginosa ATCC 27853, H. influenzae ATCC 49247, Staphylococcus aureus ATCC
29213, Enterococcus faecalis ATCC 29212, and S. pneumoniae ATCC 49619. Table 10
shows the antimicrobial activity of cefepime and selected comparators tested against
isolated pathogens.
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Table 10: Antimicrobial activity of cefepime and selected comparator agents tested against the 11 most frequently isolated pathogens
(excluding Enterococcus spp.) from pediatric patients (SENTRY Antimicrobial Surveillance Program, 1998-2004)

Organism/antimicrobial agent (no. fested) MIC (ug/mL) % Catwgory®
30% 0% Range Susceptible Regigtant
§. pnewmortiaé (1975)
Cefepime =0.12 1 012108 99 09
Cefiriaxone <025 1 02510 16 907 31
Penicillin <0.03 2 <003 108 56.6" 242°
Erythromycin $025 32 20250 >32 66.2 333
Clindamaycin <025 >2 <0251t »2 834 104
L.evofloxacin 1 1 <003 10 >4 99 0.1
Tetracycline s2 >16 22 to >16 T4 ' 189
Trimethoprim-sulfamethoxazole =05 >4 <0510 >4 57.4 N 339 .
. &

H. influenzae (1862)
Cefepime =0.06 0.12 =0.06 o 2 100.0 -°
Cefiriaxone <0,008 0016 =0.008 to 0.5 100.0 -
Ceftazidime <025 <023 <0238 999 -
Ampicillin? <2 >4 - =1 to >4 66.0 340
Clarithromycin 8 16 %025 to >32° 87.0 0s
Levofloxacin <05 =05 <05 100.0 -
Tetrcycline =2 <2 <2t >16 94.0 04
Trimethoprim-sil famethoxazote <035 >4 05w >4 791 16.1
8. aureus, oxacillin-suscepaible (1313}
Cefepime 2 4 025t0 8 100.0 0.0
Cefiriaxone 4 4 2025w 16 998 0.0
Cefazidime 8 i6 025t0 > 16 867 0.5
Erythromycin 03 =8 <006 1o >8 75 255
Clindamycin 0.12 023 =006t >8 972 23
Levofloxacin 0.12 0.25 <003t >4 984 14
Tetracycline <4 =<4 =4 o >8 93.7 36
Trimethoprim-sutfamethoxazole =05 =0.5 505t >2 9.5 03
M. catarrhalls (1022)
Cefepime 05 2 <0.06 to 4 - -
Cefiriaxone 0235 1 =0.008 10 2 - -
Ceftzidime =025 0.3 <025t 8 - -
Ampicitlin? 2 >4 <110 >4 0.8 $9.2
Clarithromycin <025 <025 02510 05 - -
Levofloxacin <03 <0.5 =03 - -
Tetracycline <2 <2 =2 to 16 - -
Trimethoprim-sulfamethoxazole <05 <0.5 <05t 8 - -
E. coli (958)
Cefepime <0.12 <0.12 =0.12 10 >16 9.6 03
Cefiriaxone =023 <025 =025 10 >32 989 0.7
Cefizidime =2 <2 <2 o >16 9%.6 0.7
Piperaciilin-tazobactam 3 4 <0.12t0 >64 971 1.3
Imipenem =05 <03 <05w4 100.0 0.0
Levefloxacin =03 <0.5 <0.5to >4 974 20

- Ciprofloxacin <025 =0.25 =023t >4 97.3 27
Gentamicin =2 =<2 =2 to =16 9.7 32
P aeruginosa (661}
Cefepie 2 3 =0.12t0 >16 90.8 23
Cefiriaxone >3 >32 031 >32 110 62.8
Cefinzidime 2 16 035w >16 873 88.
Piperacillin-tazobactam 4 64 =05 w >64 933 6.7
Imipenem 1 2 205w >8 94.4 14
Levofloxacin 03 2 <0.5 to >4 914 39
Ciprofloxacin <025 1 <025 t0 >4 929 42
Gentamicin <2 4 =2 to >16 914 44
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NDA: 50-817

Table 10 (continued)

DATE REVIEW COMPLETED: 11/26/07

Organism/antimicrobial agent (no. tested) MIC (ug/ml) % Category™

50% Na Range Susceptible Resistant
Kiebsiella spp. (615) :
Cefepime : =0.12 025 <0.12 to > 16 990 035
Ceftriaxone =025 =025 <025 to >32 264 16
Ceftazidime =2 <2 2 to =16 95.1 4.1
Piperacittin-tazobactam 2 & <0.5 to 256 94.6 26
Imipenem =0.5 =05 <0510 >8 99.7 02
Levofloxacin <05 <05 <0510 >4 %90 ®_ 02
Cipmfloxacin <025 =025 <025 t0 >4 98.7 5 1.0
Gentamicin <2 =2 s2to 16 %4.1 39
B-hemolytic streptococci® (556}
Cefepime =0.12 <0.12 %012 t0 03 100.0 -
Ceftriaxone <0.25 =025 0251003 1000 -~
Penicillin <0.016 0.06 0,016 w0 0.12 100.0 -
Erythromycin <0.06 2 <0.06 to >32 844 155
Clindamycin =<0.25 =025 <0250 =8 937 6.1
Levofloxacin 0.3 1 £0.03 10 >4 9.8 02
Tetracycline =4 >8 s4to =8 93 428
Enterobacter spp. (439)
Cefepime £0.12 2 =0.1210 > 16 93 04
Ceftriaxone =0.25 >32 <02510 >32 81.0 10.7
Ceftazidime <1 =16 <lto>16 78.4 18.1
Piperacillin-tazobactam 2 64 <0.5 to 128 815 84
Imipenem =0.5 1 =035104 1000 0.0
Levotloxacin <05 - <05 <05 to >4 993 04
Ciprofloxacin =025 =0.25 <0251t0 >4 9.9 0.7
Gentamicin <2 =2 <210 > 16 93.7 50
CoNS, axaciflin-susceptible (182)
Cefepime 1 2 012104 100.0 0.0
Cefiriaxone 2 4 =025t0 >32 98.3 0.6
Ceftazidime 8 8 <1to >16 94.0 11
Bryihromycin =8 =8 s4t0>8 473 311
Clindamycin 0.i2 =8 =0.06 to > § 86.8 12.6
Levotloxacin 012 0.25 0.06 0 >4 98.3 0.8
Tetracycline : =4 >8 =4to =8 £6.8 132
Trimethoprim~suliamethoxazole <05 <05’ <05to >2 94.5 55

* Criteria as published by the CLSI (2006a, 2006b).

" Penicillin resufts used to predict susceptibility to cefiazidime.

® ~ = no breakpoints have been established by the CLS! (2006a, 20061).

4 Susceptibitity and resistance rates based on B-lactamase test resulis,

¢ Inciudes P-hemolytic streptococci (2 strains), group A swreprococci (300 strains), group B streptococei (228), group C streptococci (6 strains),
group F streptococci (5 strains), and group G streptocooci {135 strains).
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The trend shows a slight increase in the frequency of resistant isolates. H. influenzae
isolates showed absolute susceptibility (100.0%) to cefepime (MICq,, <0.12 pg/ml), and
ceftriaxone (MICyy, 0.016 ng/ml). Cefepime also demonstrated excellent activity against
Klebsiella spp. (MICyp, <0.5 ng/ml; 99.0% susceptible); these results were similar to
those published by Sader et al®, Overall, there were no significant changes obsgrved for
S. aureus and E. coli with respect to antimicrobial susceptibility between the pediatric

Streptococcus pneumonige is the leading cause of community-acquired respiratory tract
infection and the medica] community has been faced with reduced penicillin
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NDA: 50-817 DATE REVIEW COMPLETED: 11/26/07
Table 11: Activity of selected cephalosporins tested by reference methods against MDR §. pneumoniae phenotypes
MDR phenotype {no. wsed)® Antimicrobial agent MIC (g/mL) Percentige by eategory® .
Mode 90% Susorptible Intermediate. Revistant
PEN (6907) Cefepime b 2 38.1 107 1.2
Ceftriaxone 1 2 39.1 82 27
Cefpodoxime 2 3 350 125 528
Cefuroxime 4 8 334 89 51.7
PEN, ER (3798) Cefepime 1 2 850 137 13
Ceftrizmcons ] 2 3.9 oo - 3o
Cefpodoxime 2 4 n? 123 650
Cefumoxime 4 8 212 &5 702
PEN, ER, CM {1863) Cefepime 1 2 3.8 s LE
Cefiriaxone 1 b4 85.0 1Lé 34
Cefpodoxime 2 4 45 138 644
Cefurmsime 4 8 30 % 4
PEN, ER, CM, TET (1633) Cefepime: 1 2 8.0 1435 15
Ceftriaxone 1 2 852 . 1.2 16 Q
Cefpodoxime 2 4 i %1 1038 644 N
- Cefuroxime 4 8 B 71 693 »
PEN, ER, CM, TS (1410) Cefepime 1 2 20.8 LT3 t9
Ceftriaons 1 2 824 134 42
Cefpodaxime 2 4 156 103 4.1
Cefuroxime 4 E3 139 10 9.1
PEN, ER, CM, TET, TS (1232) Cefepime 1 4 0.8 1723 19
Ceftriaxence [} 2 82.7 129 44
Cefpodoxime 2 4 16.1 103 736
Cefuroxime 45 g 4.5 61 78.8
All straine (21 605) Cefepime =0.12 1 96.2 s 0.3
Ceftriaxone £0.2% t 96.5 26 a9
Cefpodoxime £0.03 2 e 44 18.0
Ceftroxime 20.06 4 7.3 32 19.5
* PEN, penicillin-resistam (MIC = 0.12 #y/mL); ER, ayhromycin-resishnt (MIC > 0.5 pg/mL) OM, dindamycin-resistant (MIC = 05 Hg/mLY,
TET, tetmeyclme-tesistant (MIC > 4 g/mlL); TS, tmi priny sistant (MIC 2 149 pg/ml} (NCCLS, 2004).

b Intempretive eriteria of the NCCLS (2004) for espirstory tract infoction isolates of S pretmoniae.

The data showed that while overall susceptibility rates were lower for cefpodoxime and
cefuroxime, high susceptibility rates were observed for cefepime and ceftriaxone (96.2
and 96.5 %, respectively). Similar trends were also observed with isolates that were
resistant to 4-5 drugs. This is consistent with other SENTRY findings reported above in
that cefepime demonstrated good in vitro compared when tested against Gram-positive
and Gram-negative bacteria.

Summary:

Based on the studies reviewed, the data indicated that cefepime continue to have broad
coverage in both a pediatric and none pediatric environments. Cefepime was shown to
“have good activity against some multi drug resistance pneumococci isolates associated
with respiratory tract infections. Cefepime continues to demonstrate good activity against
methicillin susceptible S. aureus isolates and coagulase negative staphylococci.
- Cefepime also demonstrated good activity some Gram negative isolates. No significant
shift in the MIC was observed for Gram negative and Gram positive isolates. However,
like with other antimicrobial of its class, the potential for a shift in the susceptibility
patterns remains with the increasing use of Cefepime.

Pharmacokinetics/Pharmacodynamics:

In another study, the activity of cefepime, ceftriaxone, and ceftazidime was assessed by
CLSI broth microdilution methods against 41,644 oxacillin-susceptible S. aureus and
14,266 oxacillin-susceptible coagulase negative staphylococci isolates. Briefly, the
authors used the data obtained from SENTRY' program MIC database from 1998-2004 to
assess the effectiveness of cefepime, ceftriaxone, and ceftazidime. They also used PK/PD
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relationships for staphylococci, normal volunteer PK data and Monte Carlo simulation to
evaluate probabilities of target attainment for the three agents and different dosing

regimens'’.

Serum pharmacokinetic parameters for intravenous dosing of cefepime, ceftriaxone, and
ceftazidime were obtained from the medical literature. The fraction of unbound drug for
cefepime, ceftazidime and ceftriaxone was assumed to be 84%, 84%, and 7%,
respectively. Using a linear intermittent intravenous infusion model and Monte Carlo
simulation, PK-PD target attainment analyses were carried out. Dosing regimgQs
modeled included cefepime (1 g i.v. Administered every 8 hours and every 1Zhours),
ceftazidime (1 g i.v. administered every 8 hours) and ceftriaxone (1 g i.v. administered
every 24 hours). Ten thousand patient simulations were carried out in order to estimate
the probability of attaining free drug % T > MIC targets of > 40% by fixed MIC values
ranging from 0.12-32 mg/L for each drug regimen-organism combination.

The probabilities for attaining the PK-PD target of free-drug % T > MIC of > 40%
stratified by dosing regimen, and overlaid by MIC distributions of either S. aureus or
CoNS strains, are presented in Figures 1 and 2.

Figure 1 - Probability of PK-i’D target attainment for three cephalosporins versus S. aureus. Panel A, cefepime at 1 gi.v. every 8 h;
Panel B, cefepime at 1 g every 12 h; Panel C, ceftazidime at 1 g i.v. every 8 h; Panel D, ceftriaxone at 1g i.v. every 24 hours. A total
of 41,_644 S. aureus strains (26,339 oxacillin-susceptible) were included in the analysis.
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. Figure 2 - Probablllty of PK-PD target attainment for three cephalosporins versus coagulase-negative étaphylococct (CoNS). Panel A,
cefepime at 1 g i.v. every 8 h; Pannel B, cefepime at | gi.v. every 12 h; Panel C, ceftazidime at I g i.v. every 8 h; Panel D, ceﬁnaxone
at | gi.v. every 24 h. A total of 14,266 CoNS strams (3,166 oxacillin-susceptible) were included in the anatysis.
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The authors showed that when examined using Monte Carlo simulation, the probabilities
of attaining a PK-PD target of free drug %T>MIC of > 40% were higher for cefeplme
and ceftazidime compared to ceftriaxone.

This is due to the inherently high protein binding characteristics of ceftriaxone (Figures 1
and 2).

In summary, the data presented in the simulation PK/PD study does not appear to support
a change in staphylococcal breakpoint for cefepime at the time the study was published.
Please note that this summation was not based on clinical data.
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REMARKS:

MICROBIOLOGY SUBSECTION OF THE LABEL:

The microbiology section of the label was revised to reflect the current CLSI guidelines.
Additionally, the organism ‘ vas omitted from the second list since the
genus Enterobacter is present in the first list. Disk diffusion testing of S. preumoniae can
be unreliable when conducted witha —— therefore, disk diffusion
susceptibility testing should be done with an oxacillin disk.

«Q
»

SUMMARY AND RECOMMENDATIONS: ,

From the microbiology perspective, based on analysis of the information provided by the

applicant, the Reviewer recommends approval of this NDA under Section 505(b)(2) of

the FD&C Act. The Agency recommends that that Applicant update the microbiology

section of the label to reflect the current CLSI guidelines.

PACKAGE INSERT:
The package insert that was submitted to the Applicant contained the updated version of
the microbiology section of the label.
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Avery Goodwin, Ph.D. Fred Marsik, Ph.D.
Microbiology Reviewer Microbiology Team Leader
HFD-520 HFD-520
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CLINICAL Microbiology: 45-Day Meeting Checklist
NDA 50-817 (formally NDA 22-133) Cefepime injection

Sponsor: Baxter

Date Submitted: March 19, 2007

On initial overview of the NDA application for RTF:

No.

Item

Yes

Comments

1

Is the clinical microbiology information
(preclinical/nonclinical and clinical) described in
different sections of the NDA organized in a manner
to allow substantive review to begin?

Not Applicable

Is the clinical microbiology information
(preclinical/nonclinical and clinical) described in
different sections of the NDA indexed, paginated,
and/or linked in a manner to allow substantive review
to begin?

Not Applicable

Is the clinical microbiology information
(preclinical/nonclinical and clinical) in different
sections of the NDA legible so that substantive review
can begin?

Not Applicable

On its face, has the applicant submitted in vitro data in
necessary quantity, using necessary clinical and non-
clinical strains/ isolates, and using necessary numbers
of approved current divisional standard of
approvability of the submitted draft labeling?

Not Applicable

Has the applicant submitted draft provisional
breakpoint and interpretive criteria, along with quality
control (QC) parameters, if applicable, in a manner
consistent with contemporary standards, which
attempt to correlate criteria with clinical results of
NDA studies, and in a manner to allow substantive
review to begin?

Not Applicable

Has the applicant submitted any required animal
model studies necessary for approvability of the
product based on the submitted draft labeling?

Not Applicable

Has the applicant submitted all special/critical
studies/data requested by the Division during pre-
submission discussions?

Not Applicable

Has the applicant submitted the clinical microbiology
datasets in a format which intents to correlate baseline
pathogen with clinical and microbiologic outcomes
exhibited by relevant pathogens isolated from test of
cure or end of treatment?

Not Applicable

Has the applicant submitted a clinical microbiology
dataset in a format which intents to determine
resistance development by correlating changes in the
phenotype (such as in vitro susceptibility) and/or
genotype (such as mutations) of the baseline relevant

Not Applicable
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CLINICAL Microbiology: 45-Day Meeting Checklist
NDA 50-817 (formally NDA 22-133) Cefepime injection
Sponsor: Baxter
Date Submitted: March 19, 2007

pathogen with clinical and microbiologic outcome as
exhibited by relevant pathogens isolated from test of
cure or end of treatment?

10

Has the applicant used standardized or X Not Applicable
nonstandardized methods for measuring microbiologic
outcome? If nonstandardized methods were used has
the applicant included full details of the method, the
name of the laboratory where actual testing was done
and performance characteristics of the assay in the
laboratory where the actual testing was done?

11

Is the clinical microbiology draft labeling consistent X Not Applicable
with 201.56 and 201.57 of the CFR, current Divisional
policy.

12

FROM A CLINICAL MICROBIOLOGY X See comments
PERSPECTIVE, IS THIS NDA FILEABLE? IF NO, below
GIVE REASONS BELOW.

Any Additional Clinical Microbiology Comments:

Baxter proposes to make a new drug product, cefepime injection in GALAXY container. The two
proposed presentations are 1g of cefepime in a 50 ml container and 2g of cefepime in a 100 ml
container. The proposed products will be premixed and ready to use in flexible plastic containers for
IV use only. The products will be kept frozen and thawed prior to use; no reconstitution is necessary.

The Applicant is not proposing any changes to the microbiology section of the package insert.

Avery Goodwin, Ph.D. Name: Fred Marsik, Ph.D.

Name HFD-520

Reviewing Clinical Microbiologist Team Leader Clinical Microbiology
16Apr07 FIN FIM
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