CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:
21-821

MICROBIOLOGY REVIEW(S)




DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW

NDA 21-821 Date review completed: 15 Jun 05
Date company submitted: 15 Dec 04 Date received by CDER: 15 Dec 04
Reviewer: Fred Marsik, Ph.D. Date assigned: 15 Dec 04

NAME AND ADDRESS OF APPLICANT

Wyeth Pharmaceuticals Inc.
P.O. Box 8299
Philadelphia, PA 19101-8299

CONTACT PERSON

Randall B Brenner

Associate Director

Worldwide Regulatory Affairs
Phone: 484-865-3792

DRUG PRODUCT NAME
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Fizure 1.0-1: Molecular Structures of Tigecycline, Minocyeline, and Tetracycline
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DRUG CATEGORY': Antibacterial

PROPOSED INDICATIONSAND USAGE

Complicated skin and skin infections caused by Escherichia coli, Enterococcus faecalis
(vancomycin-susceptible isolates only), Staphylococcus aureus (methicillin-susceptible
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and —resistant isolates), Streptococcus agalactiae, Sreptococcus anginosus grp. (includes
S anginosus, S intermedius, and S. constellatus), Streptococcus pyogenes and
Bacteroides fragilis

Complicated intra-abdominal infections caused by Citrobacter freundii, Enterobacter
cloacae, Escherichia cali, Klebsiella oxytoca, Klebsiella pneumoniae, Enterococcus
faecalis (vancomycin-susceptible isolates only), Staphylococcus aureus (methicillin-
susceptible isolates only), Sreptococcus anginosus grp. (includes S. anginosus, S,
intermedius, and S. constellatus), Bacteroides fragilis, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides vulgatus, Clostridium perfringens, and

Peptostr eptococcus micros.

PROPOSED DOSAGE FORM, ROUTE OF ADMINISTRATION, DOSAGE, AND
DURATION OF ADMINISTRATION

Dosage form: Liquid

Route of administration: 1V

Dosage: loading dose of 100 mg tigecycline followed by 50 mg of 1V tigecycline every
12 hours— 1V infusion should be administered over approximately 30 to 60 minutes
every 12 hours.

Duration of administration: The recommended duration of treatment with tigecycline for
complicated skin and skin structure infections or for complicated intra-abdominal
infectionsis5to 14 days. The duration of therapy should be guided by the severity and
site of the infection and the patient’s clinical and bacteriological progress.

DISPENSED: RXx

RELATED DOCUMENTS

IND  ©@ IND 56,518
REMARKS

Thiswill be areview of the clinical microbiology data submitted by the Applicant to
support their desire to market this product for the treatment of “Complicated Skin and
Skin Structure Infections” and “ Complicated Intra-abdominal Infections’. In vitro
susceptibility testing interpretive criteriawill be determined for micro-broth dilution and
disc diffusion testing against appropriate target pathogens.

CONCLUSION

Based on the tigecycline in vitro susceptibility test profile, the
pharmacokinetics/pharmacodynamics of tigecycline and the bacteriological eradication
rates and clinical cure rates the following interpretive criteria are proposed by the Agency
for tigecycline.
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Table 2. Susceptibility Test Result Interpretive Criteria for Tigecycline

Minimum Inhibitory Disk Diffusion

Concentrations (ug/mL) (zone diametersin mm)
Pathogen S | R S | R
Saphylococcus. aureus <0.5% = - >19 - =
(including methicillin-resi stant
i sol ates)
Sreptococcus spp. other than
S. pneumoniae <0.25% - - >19 - -
Enterococcus faecalis <0.25% - - >19 - -
(vancomycin-susceptible isolates
only)
Enterobacteriacea€’ <2 2-4 >8 >19 15-18 <14
Anagerobes’ <4 8 >16 n/a n/a n/a

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

b. Tigecycline has decreased in vitro activity against Morganella spp, Proteus spp. and
Providencia spp.

c. Agar dilution
The in vitro susceptibility test quality control parameters are indicated below.

Acceptable Quality Control Ranges for Susceptibility Testing

Minimum Inhibitory Disk Diffusion
QC organism Concentrations (ug/mL)  (zone diametersin mm)
Saphylococcus aureus ATCC 25923 Not Applicable 20-25
Saphyl ococcus aureus ATCC 29213 0.03-0.25 Not Applicable
Escherichia coli ATCC 25922 0.03-0.25 20-27
Enterococcus faecalis ATCC 29212 0.03-0.12 Not Applicable
Bacteroides fragilis ATCC 25285 0.12-1¢ Not Applicable
Bacter oides thetaiotaomicron ATCC 29741 0.5-2" Not Applicable
Eubacterium lentum ATCC 43055 0.06-0.5° Not Applicable
ATCC = American Type Culture Collection
d. Agar dilution

From a microbiology perspective the following organisms should be included in the
indicated clinical indications for tigecycline.

Complicated skin and skin structure infections caused by Escherichia coli, Enterococcus
faecalis (vancomycin-susceptible strains only), Staphylococcus aureus (methicillin-
susceptible and -resistant isolates), Streptococcus agalactiae, Streptococcus anginosus
grp. (includes S. anginosus, S. intermedius, and S. constellatus), Streptococcus pyogenes
and Bacteroides fragilis.
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Complicated intra-abdominal infections caused by Citrobacter freundii, Enterobacter
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, Enterococcus
faecalis (vancomycin-susceptible isolates only); Staphylococcus aureus (methicillin-
susceptible isolates only), Sreptococcus anginosus grp. (includes S. anginosus, S.
intermedius, and S. constellatus), Bacteroides fragilis, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides vulgatus, Clostridium perfringens, and
Peptostreptococcus micros.

Second list of organisms
The organisms in the tigecycline package insert list would include the following:
Aerobic and facultative Gram-positive microorganisms

Enterococcus avium

Enterococcus cassdliflavus

Enterococcus faecalis (vancomycin-resistant isolates)

Enterococcus faecium (vancomycin-susceptible and -resistant isolates)
Enterococcus gallinarum

Listeria monocyctogenes

Saphylococcus epidermidis (methicillin-susceptible and -resistant isolates)
Saphylococcus haemolyticus

Aerobic and facultative Gram-negative microorganisms

Acinetobacter baumanni
Aeromonas hydrophila
Citrobacter koseri
Enterobacter aerogenes
Pasteurella multocida
Serratia marcescens

Anaerobic microorganisms

Bacteroides distasonis
Bacteroides ovatus
Peptostreptococcus spp.
Porphyromonas spp.
Prevotella spp.

Other microorganisms

Mycobacterium abscessus
Mycobacterium chelonae
Mycobacterium fortuitum
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From a microbiology perspective the following organisms would not appear in the second
list for the reasons stated.

1. Because these organisms have recently been recognized as being associated with sever
community-acquired skin infections and pneumonia and the disease is not well
understood or the treatment for such infections clearly defined these organisms can only
be included in the package insert after clinical studies have demonstrated that the
antimicrobial, in this case tigecycline, can effectively treat the infection.

2. The following organisms will not be included in the second list because there is not
sufficient clinical experience treating these infections with tigecycline or other
antimicrobials.
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3. Thisorganism is not relevant to the indications being sought.

4. Whilethese organisms are membersofthe. @@ theyarethe
cause of specific gastrointestinal illness and very rarely associated with clAl.

5. Thisorganism is not associated with clAl.
Clinical studies are required to show that an antimicrobial can
effectively treat the infection caused by this organism.

6. Tigecycline in vitro susceptibility data on less than 100 isolates provided by Applicant
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Following isthe Agency’ s proposed section of the microbiology section of the
tigecycline package insert.

6 Pageof Draft LabelingHaveBeenWithheldIn Full As b4 (CCI/TS)ImmediatelyFollowing This Page
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EXECUTIVE SUMMARY

Tigecycline, also known as GAR-936, is an analogue of the tetracycline minocycline.
Tigecycline belongs to the class of tetracycline called the glycylcyclines. 1t has been
shown that certain substitutions at the 9 position of the tetracycline molecule restored
activity against bacteria harboring resistance genes encoding either or both efflux and
ribosomal protection. In the case of tigecycline 9-t-butylglycylamido was placed at the 9
position.

Fizure 1.0-1: Molecular Structures of Tigecycline, Minocyeline, and Tetracycline

[ [

Minncveling

Spectrum of Activity

Tigecycline has been shown to have activity against a wide spectrum of gram-positive
and —negative aerobic, facultative anaerobes and anaerobes. This activity extends to those
organisms harboring classical tetracycline resistance mechanisms.

Staphylococci are inhibited by 2 pg/mL of tigecycline or less. Against methicillin-
susceptible S, aureus (MSSA) and MRSA (methicillin-resistant S. aureus), the
tigecycline M1Cqo (MIC at which 90% of isolates were inhibited) is 0.12 and 0.25 pg/mL,
respectively. Against methicillin-susceptible and resistant Staphylococcus epidermidis,
tigecycline M1Cy value is 0.5 pg/mL for both groups. The activity of tigecycline is
consistent against penicillin-susceptible (PRSP), intermediate (PISP), and resistant
(PRSP) S pneumoniaeisolates, with M1Cgqg values of 0.06 pg/mL for all three categories
of S. pneumoniae. The tigecycline MICqy values for beta-hemolytic streptococci,
including Streptococcus pyogenes, and Streptococcus agalactiae are 0.06 pg/mL.
Tigecycline is active against erythromycin-resistant S. pneumoniae, S pyogenes and S.
agalactiae. Against Enterococcus faecalis and Enterococcus faecium, MICgy value is
0.12 pg/mL for both vancomycin-susceptible (VS) and —resistant isolates (VR).

For members of the Enterobacteriaceae the tigecycline M1Cgyos range from 0.5 pg/mL to

8 ng/mL with the highest M1Cgs being for Morganella morganii (4 pg/mL) and for
Proteus mirabilis (8 pg/mL). Tigecycline does not exhibit significant in vitro activity
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against Pseudomonas aeruginosa, and demonstrates only moderate activity against
Proteus species, Morganella species and Providencia species. The Applicant has not
included either M. morganii, P. mirabilisor Providencia spp. in any of the indications
that they are requesting in this submission.

In the case of E. coli the tigecycline M1Cq for ESBL producing isolates and those not
producing ESBLsis 0.5 pg/mL. For K. pneumoniae the tigecycline M1Cy, for non-ESBL
producing isolates is 1 pg/mL and for the ESBL and AmpC producing K. pneumoniae
isolates the tigecycline MICgyos is 2 pg/mL. During clinical trials there was very limited
experience treating infections caused by ESBL producing isolates or AmpC resistant
isolates with tigecycline.

For anaerobic bacteria the tigecycline MICgos range from 0.25 pg/mL to 4 pg/mL, with
Bacteroides fragilis having the higher MIC.

M echanism of Action

Tetracycline acts by inhibiting protein translation in bacteria by binding to the 30S
ribosomal subunit and blocking entry of amino-acy! transfer RNA molecules into the A
site of the ribosome. This prevents incorporation of amino acid residues into the
elongating peptide chains. Current evidence suggeststhat tigecycline binds more avidly
to the ribosome such that the product of the tet(M) gene is unable to disrupt the tight
glycylcycline-ribosome bond or that the product of the tet(M) gene is unable to interact
with the ribosome to allow protein synthesis to occur. The activity of tigecycline against
isolates of bacteria that have efflux mechanisms of resistance likely results either from
the inability of tigecycline to induce tetracycline efflux proteins or simply because the
efflux pump is ineffective in transporting glycylclines out of the cell. In general
tigecycline is considered bacteriostatic as are other tetracyclines.

M echanism(s) of Resistance

Mutations in the interdomain loop region of the tet(A) tetracycline resistance gene that
increases the efflux of minocycline and glycylcyclines has been reported in veterinary
isolates of Salmonella choleraesuis and Salmonella typhimurium isolates. These
mutations were shown to reduce susceptibility to the glycylcycline class of antibiotics.
This reduced susceptibility was more pronounced for the glycylcyclines DMG-MINO
and DMG-DMOT than GAR-936 (TBG-MINO) (8to 16 ug/mL vs. 2 ug/mL
respectively). The novel tet(A) gene caries two mutations in the largest cytoplasmic loop
of the efflux pump, which causes a double frameshift in codons 201, 202 and 203. This
“interdomain region” of the efflux pump. Mutants of the tet(B) class with decreased
susceptibility to the glycylcyclines have also been generated in vitro. It has been
suggested that it will be the interdomain region of the pump that is likely to be the loci of
future glycylcycline resistance mutations as these compounds enter clinical use. How,
commonly this resistance will occur asthe glycylcyclines are used is unclear at thistime.
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Synergism/Antagonism

Synergy/antagonism studies showed that there were no consistent trends for synergy and
no antagonism between tigecycline and awide variety of antibiotic.

Tigecycline Pharmacodynamics

Information from the mouse thigh model of infection indicates that the time above some
fraction of the MIC (e.g. 1.2) or the AUC correlates best with the efficacy of tigecycline,

Clinical Trial Results
Staphylococcus aureus (methicillin-susceptible and -resistant isolates)

Complicated skin and skin structure infections (cSSSI) and complicated intraabdominal
infections (clAl) clinical studies showed that there was an 87% (143/165) bacteriological
eradication rate and clinical cure rate for S aureus (methicillin-susceptible and —resistant
isolates) with atigecycline MIC of <0.5 pg/mL. There was minimal experience during
clinical trials with using tigecycline to treat S aureus infections where the tigecycline
MIC for S aureus (methicillin-susceptible and —resistant) >0.25 pg/mL. The
bacteriological eradication rate and clinical cure rate for S. aureus (methicillin-
susceptible and —resistant) with atigecycline MIC of <0.5 pg/mL isolated from patients
inthe cl Al studies was 91% (29/32).
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Table 4.2.1.1-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated ¢SSSI Trials for S. aureus lsolates

Cumulative % of

isolates associated % of 1solates % o0 1solates
Microbiological with associated with  associated with
Tigecycline response microbiological microbiological microbiological
Susceptibility MIC N eradications/N Cumulative % of eradications at  eradication at  persistence at
{(pg/mL) total total isolates each MIC each MIC each MIC
ME-all infections
0.06 22 1.2 1.4 100 0
0.12 110/128° TR3 778 859 14.1
0.25 30/34 98.8 98.6 88.2 11.8
0.5 1/1 99.4 993 100 0
1 /1 100.0 100 100 0
Total 144/166 86.7 13.3
ME-monomicrobic
0.06 0 0 0 0 0
0.12 T4/88 80.7 79.6 84.1 15.9
0.25 18/20 99.1 98.9 90.0 10.0
0.5 1/1 100 100 100 0
Total 93/109 85.3 14.7
ME-polyvmicrobic
0.06 22 3.5 3.9 1000 0
0.12 36/40 737 74.5 100 10.0
0.25 12/14 98.2 98.0 90.0 14.3
0.5 0 98.2 98.0 0 0
1 1/1 100 100 100 0
Total 51/57 89.5 10.5

* The clinical response at 0.12 pg/mL was 113/128. For all other MICs the clinical response was the same as the
microbiological response.

Table 4.2.1.1-3: Microbiological Response and MIC Distribution for the ME Population
from the Integrated el Al Trials for 8. aureus Isolates

Cumulative % of
isolates associated % of 1solates % of 1solates

Microbiological with associated with associated with
Tigecycline response microbiological microbiological microbiological
Susceptibility MIC N eradications/N Cumulative % of eradications at  eradication at  persistence at
(pg/ml) total® total 1solates each MIC each MIC each MIC
ME-all infections
0.12 1717 53.1 58.6 100 ]
0.25 11/14 96.9 96.6 78.6 214
0.5 1/1 100 100 100 ]
Total 29/32 91.0 13.3

* For all MICs the clinical response identical to the microbiological response.

Streptococci
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cSSSl clinical studies showed that there was a 94% (30/32) bacteriological eradication
rate for S. pyogenes with atigecycline MIC of <0.25 pg/mL with asimilar clinical cure
rate. Thereforeit isfelt that it is appropriate to include in the package insert aMIC
interpretive breakpoint for S pyogenes of <0.25 pg/mL. The clinical experience with
cSSSl infections due to S. agalactiae was too small to correlate an MIC with a
meaningful bacteriologic eradication or clinical cure rate. For S anginosus, with a
tigecycline MIC of <0.25 pg/mL, there was 88 % (15/17) bacteriological eradication rate.
The experience of treating infections due to other members of the S anginosus grp. (S
congtellatus and S. intermedius) wastoo limited to correlate atigecycline MIC with a
bacteriological eradication rate.

Table 4.2.1.2-2: Distribution of Individual Streptococcus Species Associated with
Microbiological Eradication as Defined by the ME Population for Integrated ¢S551
Tigecveline Susceptibility
MIC (pe /mL)

& pyogenes 8 agalactice S angimosus 8 constellatus 8 infermeding

0,008 11
0.015
0.03 11
0.06 22/23 33 i 12"
0.12 TEE 212 77
0.25 1/1 23° 11
0.5
Total 3032 T8 15/17 12 11

* The clinical response for 8 constellatus at 0.06 pg/mL was 0/2,
" The clinical response for 8 pyogenes ar 0,12 pp/ml was 88,
© The clinical response for 8 agalactice at 0.25 pg/mL was 373,

clAl clinical studies showed that for the S. anginosus group of streptococci atigecycline

MIC of <0.25 pg/mL correlated with a 86% (102/118) bacteriological eradication rate
with asimilar clinical cure rate.
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Table 4.2.1.2-4: Microbiological Response and MIC Distribution for the ME population
from the cIAl Trials for Streptococcus anginosus group.

Cumulative # of
isolates associated 9% of isolates % of isolates

with associated with  associated with
Tigecycline Microbiological microbiological  microbiological microbiological
Susceptibility MIC response Cumulative % eradications at  eradicationat  persistence at
{pmi) N eradications'™ wotal of wotal isolates each MIC each MIC each MIC
ME-all infections
0.008 1/ 0.8 1.0 100 ]
0.0135 22 2.3 19 100 ]
0.03 44 59 6.9 100
0.06 7991° §3.1 84.3 86.8 13.2
0.12 15/18 983 99.0 B33
0.25 112 104 104 30 50
Total 102/118 86.4 13.6

* The clinical response at 0.03 pg/ml was 3/4,
™ The clinical response at 0.06 pg/mL was T8/91. For all other MICs the clinical response was identical the
microbiological response.

Enterococci

The Applicant only presented clinical data for Enterococcus faecalis (vancomycin-
susceptible). Thisisthe only Enterococcus spp. that they are asking for in the indications
and usage section of the package insert. In vitro the tigecycline MICqo ranges from 0.12
pg/mL to 0.25ug/mL for both vancomycin-resistant E. faecalis and vancomycin-
susceptible and —resistant Enterococcus faecium.

cSSSl clinical studies showed that for vancomycin-susceptible E. faecalis atigecycline
MIC of <0.25 pg/mL correlated with an 88% (14/16) bacteriological eradication rate and
a75% (12/14) clinical cure rate.

clAl clinical studies showed that for vancomycin-susceptible E. faecalis atigecycline
MIC of <0.25 pg/mL correlated with a 81% (26/32) bacteriological eradication rate and a
similar clinical curerate. For vancomycin-susceptible E. faecalis atigecycline MIC of
<0.25 pug/mL correlated with a bacteriological eradication rate of 81% (26/32) with a
similar clinical curerate.

Page 21 of 135



DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW
NDA 21-821 Date review completed: 15 Jun 05

Table 4.2.1.3-3: Microbiological Response and MIC Distribution for the ME Population
from the Integrated ¢SS51 Trials for E. faecalis Isolates

Cumulative %6 of % of isolates % of isolates

Microbiological iznlates associated with  associated with
[ EsponsEe associated with  microbiological microbiological
Tigeeycline Susceptibility N eradications/™ Cumulative % of microbiological eradication at each persistence at
MIC { pg/mL) total total isolates eradications MIC each MIC
ME-all infections
0.12 10/12° 735 714 B33 16.7
0.25 44" 100 100 100 0
Taotal 1416 B7.5 12.5
ME-polvmicrobic
0.12 911 TH.6 75 #1.8 18.2
0.25 33 100 100 1040 1]
Total 12/14 #3.7 14.3

* The clinical response at 0.12 pg/mL was 912,
" The clinical response at 0.25 pg/ml was 3/4. For all other MICs the clinical response was identical to the
microbiological response.

Table 4.2.1.3-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated cIAl Trials for E. faecalis Isolates

Cumulative %o of

isolates %o of isolates %o of isolates

Microbiological associated with  associated with  associated with

I ESPONEE microbiological microbiological microbiological

Tigecyeling Susceptibility N eradications™ Cumulative % of eradications st eradication at  persistence at

MIC ( pu/ml) total total isolates each MIC each MIC each MIC
ME-all infections
0.06 22 6.3 A 100 0

0.12 13/17 9.4 57.7 76.5 23.5
0.25 11/13" 100 100 Hd.6 15.4
Total 26032 nl.3 18.4

* The clinical response at 0.25 pg/ml was 10013, For all other MICs the clinical response was identical to the
microbiological response,

Enterobacteriaceae

The Applicant only proved clinical study data for the following members of the
Enterobacteriaceae: Escherichia coli, Enterobacter cloacae, Citrobacter freundii,
Klebsiella oxytoca and Klebsiella pneumoniae. The Applicant is asking for the inclusion
of E. coli incSSSI indication and all of the indicated organisms in the cl Al indication.
Tigecycline does not have good in vitro activity against al Enterobacteriaceae (e.g.
Morganella spp., Proteus spp., and Providencia spp.).

During the clinical trials (Phase 2 and 3) there were incidences of the development of
decreased susceptibility (MIC >4 pg/mL) to tigecycline while the patient was receiving
tigecycline. In total there were six organisms from five patients that had decreased
susceptibility. All of the isolates were documented to be identical to the baseline isolate
by ribotyping. There were two patients with K. pneumoniae, and one patient each that
had E. aerogenes, Acinetobacter cal coaceticus/baumanni, and M. morganii. In addition,
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there was one patient that had an E. coli isolate for which the tigecycline MIC increased
from 0.5to 2 pg/mL.

cSSSl clinical studies showed that for all infections there was a 83% (24/29) correlation
with bacteriological eradication with asimilar clinical cure rate for E. coli with a
tigecycline MIC of < 1 pg/mL. During cSSSI clinical trials there was very limited
experience with E. coli that had atigecycline MIC >0.25 pg/mL.

Table 4.2.1.4-5: Microbiological Response and MIC Distribution for the ME
Population from the Integrated ¢SS51 Trials for E coli lsolates

Microbicl Cumulative %o of
opical isolates %o of isolates % of isolates
FESPONSE mssociated with  asseciated with associated with
Tigecyeline N microbiological microbiological — microbiological
Susceptibility  eradicatio Cumulative % of eradicationsat  eradication at  persistence at each
MIC (pe/mL) na'N total  total isolates each MIC each MIC MIC
ME-all
0.12 56 20.7 B5.9 BH.3 16.7
0.25 14/16" 7509 H4.2 B7.5 12.5
0.5 4/6 6.6 66.7 66.7 333
1 111 100 100 1040 0
Taotal 2429 H2.8 17.2
ME-
NG i ok
0.12 34 40 37.5 75 25
0.25 22 60 62.5 1040 0
0.5 23 90 B7.5 66.7 33.3
1.0 1040 1040 10 0
Total B/10 500 20
ME-
palymicrobic
0.12 22 10.5 12.5 10 0
025 12/14 B4.2 B7.5 83.7 14.3
0.5 23 1040 1040 66.7 333
Total 16/19 H4.2 15.8

* The clinical response at 0.25 pe/ml was 15/16. For all other MICs the clinical response was
identical to the microbiological response.

clAl clinical studies showed that there was a 86% (370/428) correlation of atigecycline
MIC of <2 ug/mL with bacteriological eradication for infections caused by C. freundii, E.
coli, E. cloacae and K. pneumoniae as sole agents of infection. For all infections
monomicrobic + polymicrobic) involving all Enterobacteriaceae isolated during cl Al
clinical trials the bacteriological eradication rate where the tigecycline MIC of <2 pg/mL
was 86% (370/428). There was a similar clinical cure rate.
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Table 4.2.1.4-3: Distribution of Individual Enterobaciteriaceae Associated with
Microbiological Eradication as Defined by the ME Population for Integrated clAl

Tlgec}.dl_m Emj.wpnblm}' il E clogeae K oxyioca E. coli K .
MIC (pug /mL) preumoniae

0.06 213

0.12 nar

0.25 33 g 188/217 11

0.5 5T 94 12/13 34/63 23/16

1 2/4 57 5/5 16/19

2 22 5/5

4 11
Total 12/16 14/16 1920 2BV325 46/52

* The clinical response for E. coli at 0.12 pg/mL was 30/37.
" The clinical response for £ coli ar0.23 pg/mL was 187217,

Table 4.2.1.4-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated cIAl Trials for Enterobacteriaceae 1solates

Cumulative®s of

isolates associated 96 of isolates % of isolates

Microbiological with associated with  associated with
Tigecycline response microbiological microbiclogical microbiological
Susceptibility MIC N eradications/™ Cumulative % of  eradications at eradication at  persistence at
(pg/mL}) total total isolates each MIC each MIC each MIC
ME-all infections
0.06 23 0.7 0.3 66.7 333
0.12 31a7e 9.3 LAY LR 16.2
0.25 194,228 " 62.5 62.5 L] 12.7
0.5 103/118 90.0 903 L] 12.7
1 2835 G1.1 978 800 2000
2 T 998 a7 104 0
4 1/1 100 100 100 o
Total 370429 100 B6.5 13.5
ME-monomicrobic
0.06 0 o o o o
0.12 13/14 12.0 12.0 929 7.1
0.25 6670 71.8 73.1 943 57
0.5 23025 G93.2 G944 92.0 8.0
1 46 G983 8.1 66,7 333
2 212 104 1040 104 T
Total 108/117 923
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l'able 4.2.1.4-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated clAl Trials for Enferobacteriaceae Isolates

Cumulative™ of
isolates associated %% of isolates %o of isolates

Microbiological with associated with  associated with
ligecveline FesponsciN microbiological  microbiological microbiological
Sl.l.‘i':i.'lﬂil‘lilit} MIC cradications'™  Cumulative %  eradications at  eradication at persistence at
(pg/ml) total of total isolates cach MIC cach MIC cach MIC
ME-polymicrobic
0.06 23 1.0 0.8 66.7 333
0.12 1823 B3 7.6 783 21.7
0,25 133/158 500 58.2 Bd.2 15.8
0.5 B0/93 LR a8.6 86.0 14.0
1 2429 98.1 977 B2 17.2
2 5/5 99,7 096 100 0
4 141 100 100 10Wd 1]
Total 263/312 Bd.3

fad

Clinical response is given for each pathogen in Table £2.1.4-3.

Anaerobes

The Applicant is proposing that ®® be included as the target pathogen in
the cSSSI indication. In the clAl indication they are proposing that the following
anaerobic bacteria be included as target pathogens. B. fragilis, Bacteroides
thetaiotaomicron, Bacteroides uniformis, Bacteroides vulgatus, Clostridium perfringens,
and Peptostreptococcus micros.

(b) (4)

The clAl clinical trials noted
below provide some additional information on the efficacy of tigecycline against B.
fragilis. clAl clinical studies showed that there was a bacteriological eradication rate of
78% (65/83) when the tigecycline MIC was < 4 pg/mL for B. fragilis.

Page 25 of 135



DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)
CLINICAL MICROBIOLOGY REVIEW
NDA 21-821 Date review completed: 15 Jun 05

clAl clinical studies showed that there was a bacteriological eradication rate of 84%
(158/189) when the tigecycline MIC was < 4 pg/mL for B. fragilis, B. thetaiotaomicron,
B. uniformis, B. vulgatus, C. perfringens, and P. micros. The overall clinical cure rate
was similar to the bacteriological eradication rate for all the mentioned organisms.

Table 4.2.1.5-3: Distribution of Individual Anaerobes Associated with Microbiological
Eradication as Defined by the ME Population for Integrated clAl

Tigecyvcline
Susceptibility B fragilis B. *‘j“”"m B owulgams B ouniformis O perfringens P micros
MIC (pg /mL) mieran

0.06 5/5 23 6/6 12116
0.12 21 Ll 22 4/4 45 11
0.25 14/16 &7 33 3/4* 22

0.5 19/24 10/10 345 4/4 22

1 2131° 2% 212

2 T8 4/4° 272

4 272 111 111 11*

" 212 111

16 2/2° b)) 1t
Total 6987 3741 14/16 15/17 1819 1317

* The clinical response for B fragilis at 1.0 pg/ml was 20/31.

* The clinical response for B. fragilis at 16 pg/mL was 1/2.

© The clinical response for B. thetaio taomicron at 2.0 pp/ml was 3/4.
£ The clinical response for B uniformis at 0.25 pg/mL was 2/4,

® The clinical response for 8. wnfformis at £.0 pg/mL was /1.

£ The clinical response for B. uniformis at 16.0 pg/mL was 0/1,

In Vitro Susceptibility Testing
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Disc diffusion and micro broth dilution susceptibility testing of bacteria against
tigecycline is done by currently recognized Clinical and Laboratory Standard Institute
(CLSI) methods. Broth dilution susceptibility testing requires the use of fresh media
because tigecycline can be oxidatively degraded. Disc diffusion testing is done with a 15
Mg disc. Susceptibility testing of anaerobic bacteria is done by agar dilution not by micro
broth dilution.

In vitro susceptibility testing interpretive criteria

The Applicant is proposing the following in vitro susceptibility test interpretive
criteria.

Table 4.2.1-1: Proposed Interpretive Criteria For Tigecyceline
MIC (ug/ml) Zone (mm)
Grouping S | | ‘ R S | 1 | R
®) (4)
Streptococcus spp. not ey - - =19 - -
S. preumoniae
®@

Enterobacteriaceae <2 4 | >8 >19 | 15-18 <14
Anaerobes <4 gf @@ O® [ A NA NA

Based on areview or the tigecycline in vitro susceptibility test datafor preclinical and
clinical isolates, its pharmacokinetics/pharmacodynamics parameters, the bacteriological
eradication and clinical outcome results from the cSSSI and cl Al studies, and correlation
of MIC test results with agar disc diffusion test results the Agency is proposing the
following in vitro susceptibility test interpretive criteria. Because tigecycline does not
have good activity against all Enterobacteriaceae (e.g. Morganella spp., Proteus spp.,
Providencia spp.) thisis noted in a footnote to susceptibility test interpretive criteria for
Enterobacteriaceae. Intermediate and resistant interpretive criteria are not noted for S,
aureus, Sreptococcus species other than Sreptococcus pneumoniae and E. faecalis
because there is none or very limited clinical experience with isolates of these organisms
above the proposed MIC indicating susceptibility to tigecycline.
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Susceptibility Test Result Interpretive Criteriafor Tigecycline
Minimum Inhibitory Disk Diffusion
Concentrations (ug/mL) (zone diametersin mm)
Pathogen S | R S | R
Staphylococcus. aureus <0.5% - - >19
(including methicillin-resi stant
isol ates)
Streptococcus spp. other than
Sreptococcus pneumoniae <0.25° - - >19
Enterococcus faecalis <0.25% - = >19
(vancomycin-susceptible isolates
only)
Enterobacteriacea€” <2 4 >8 >19 15-18 <14
Anaerobes’ <4 8 >16 n/a n/a n/a

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

b. Tigecycline has reduced activity against Morganella spp., Proteus spp. and
Providencia spp.

c. Agar dilution

Clinical Indications and Usage

From aclinical microbiology perspective the target pathogens that should be included for
the two proposed indications are indicated below.

Complicated skin and skin structure infections caused by Escherichia coli, Enterococcus
faecalis (vancomycin-susceptible strains only), Staphylococcus aureus (methicillin-
susceptible and -resistant isolates), Streptococcus agalactiae, Streptococcus anginosus
grp. (includes S. anginosus, S. intermedius, and S. constellatus), Streptococcus pyogenes
and Bacteroides fragilis.

Complicated intra-abdominal infections caused by Citrobacter freundii, Enterobacter
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, Enterococcus
faecalis (vancomycin-susceptible isolates only); Staphylococcus aureus (methicillin-
susceptible isolates only), Sreptococcus anginosus grp. (includes S. anginosus, S,
intermedius, and S. constellatus),Bacteroides fragilis, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides vulgatus,Clostridium perfringens, and
Peptostreptococcus micros.

Organisms proposed for second list by the Agency
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In order for organismsto be included in the second list of the microbiology section of a
package insert certain criteria must be met. These criteriaare: 1) they must be relevant to
the indications for which the drug is proposed, 2) the MICq for the organisms must be
within the therapeutic concentration of the antimicrobial that can be achieved with the
proposed dosing regimen. The organisms being proposed for the second list of the
tigecycline package insert by the Agency are provided below. The organisms that are not
felt appropriate for the second list are indicated and the reason for their exclusion is
provided

The organisms in the tigecycline package insert list would include the following:

Aerobic and facultative Gram-positive microorganisms

Enterococcus avium

Enterococcus cassdliflavus

Enterococcus faecalis (vancomycin-resistant isolates)

Enterococcus faecium (vancomycin-susceptible and -resistant isolates)
Enterococcus gallinarum

Listeria monocytogenes

Saphylococcus epidermidis (methicillin-susceptible and -resistant isolates)

Aerobic and facultative Gram-negative microorganisms

Acinetobacter baumanni
Aeromonas hydrophila
Citrobacter koseri
Enterobacter aerogenes
Pasteurella multocida
Serratia marcescens
Senotrophomonas maltophilia

Anaerobic microorganisms

Bacteroides distasonis
Bacteroides ovatus
Peptostreptococcus spp.
Porphyromonas spp.
Prevotella spp.

Other microorganisms
Mycobacterium abscessus
Mycobacterium chelonae

Mycobacterium fortuitum
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From a microbiology perspective the following organisms would not appear in the second
list for the reasons stated.

(b) (4)

1. Because these organisms have recently been recognized as being associated with sever
community-acquired skin infections and pneumonia and the disease is not well
understood or the treatment for such infections clearly defined these organisms can only
be included in the package insert after clinical studies have demonstrated that the
antimicrobial, in this case tigecycline, can effectively treat the infection.

2. The following organisms will not be included in the second list because there is not
sufficient clinical experience treating these infections with tigecycline or other
antimicrobials. These organisms also represent a special set of bacteriathat contain

specific resistance mechanisms. ) (4)
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3. Thisorganism is not relevant to the indications being sought.

4. While these organisms are members of the they are the
cause of specific gastrointestinal illness and very rarely associated with clAl.

5. Thisorganism is not associated with clAl. It produces atoxin related infection of the
gastrointestinal tract. Clinical studies are required to show that an antimicrobial can
effectively treat the infection caused by this organism.
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6. Tigecycline in vitro susceptibility data on less than 100 isolates provided by Applicant

AGENCY’'SPROPOSED MICROBIOLOGY SECTION OF THE TIGECYCLINE
PACKAGE INSERT
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Tigecycline, also known as GAR-936, is an analogue of the tetracycline minocycline.
Tigecycline belongs to the class of tetracyclines called the glycylcyclines. It has been
shown that certain substitutions at the 9 position of the tetracycline molecule restored
activity against bacteria harboring resistance genes encoding either or both efflux and
ribosomal protection. In the case of tigecycline 9-t-butylglycylamido was placed at the 9

position.

IN VITRO

Tigecycline has been shown to have activity against a wide spectrum of gram-positive
and —negative aerobic, facultative anaerobic and anaerobic bacteria.

Spectrum of Activity

Table 1 shows the MICsgs and MICqos Of tigecycline published in the literature against the
pathogens included in the clinical indications that the Applicant is requesting (1,2,3). As
can be seen the tigecycline MICs are low and below the concentration of tigecycline that
can be achieved in the blood (See Pharmacokinetcs portion of review). Tigecycline does
not have significant in vitro activity against Pseudomonas aeruginosa, and demonstrates
only moderate activity against Proteus species, Morganella species and Providencia

Species.

Table 1. In vitro activity of tigecycline against various

bacteria.

Organism

Staphylococcus aureus
Methicillin-susceptible
Methicillin-resistant

(b) (4

Number

of MICso pa/mL MICgo pa/mL MIC Range pg/mL
Isolates

40 0.25 0.25 0.12-0.25

40 0.25 0.25 <0.06 - 0.5
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® @
Citrobacter freundii 20 0.5 2 0.25-4
®)@
Escherichia coli 40 0.25 0.25 0.12-0.25

Klebsiella oxytoca 10 0.25 1 0.25-1

Klebsiella pneumoniae 20 0.5 1 05-4
)@
Bacteroides fragilis 30 2 16 1-32

(b) (4)

Table 2 shows the MICs of tigecycline against a variety of clinical isolates collected
between 1997 — 2004 (data obtained from Wyeth Laboratories). The MICswere
determined using NCCL S [now known as the Clinical and Laboratory Standards I nstitute
(CLSI)] methods for in vitro susceptibility testing (4).

All of the staphylococci tested were inhibited by 2 pg/mL of tigecycline or less. Against
methicillin-susceptible S aureus (MSSA) and MRSA (methicillin-resistant S aureus —
including community-acquired isolates)), the tigecycline M1Cgy (MIC at which 90% of
isolates were inhibited) was 0.12 and 0.25 pg/mL, respectively. Against methicillin-
susceptible and resistant Staphyl ococcus epidermidis, tigecycline MICgqg values were 0.5
pg/mL, for both groups. The activity of tigecycline was consistent against penicillin-
susceptible (PRSP), intermediate (PISP), and resistant (PRSP) S. pneumoniae isolates,
with MICy values of 0.06 pg/mL for all three categories of S. pneumoniae. The
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tigecycline M1Cy values for beta-hemolytic streptococci, including Streptococcus
pyogenes, and Streptococcus agalactiae, were 0.06 pg/mL. Against Enterococcus
faecalis and Enterococcus faecium, M1Cy values were 0.12 pg/mL for both vancomycin-
susceptible (VS) and —resistant isolates (VR).

For members of the Enterobacteriaceae in Table 2 the tigecycline M1 Cgys ranged from
0.5 pg/mL to 8 pg/mL with the highest M1Cgos being for Morganella morganii (4 pg/mL)
and for Proteus mirabilis (8 pg/mL). It should be noted that the Applicant has not
included either M. morganii or P. mirabilisin any of the indications that they are
reguesting in this submission. In the case of E. coli the tigecycline M1 Cgys for ESBL
producing isolates and those not producing ESBL s were 0.5 pg/mL while for K.
pneumoniae the tigecycline MICq for non-ESBL producing isolates is 1 pg/mL and for
the ESBL and AmpC producing K. pneumoniae isolates the tigecycline M1 Cgos Were 2
pg/mL.

For the anaerobic bacteria noted in Table 2 the tigecycline M1Cgos ranges from 0.25
pg/mL to 4 pg/mL.
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Table 2.

Tshle 1
Invimo activities of dgecycline against clinical isolates obtained 1007-2004 [15]

Organisms Ihamber of isolates MIC (mg L)

PFanga 5P 0%

Gramy-posiiive aerobic pathogens
Srapiyiococcis aurans

Methicillin-susceptible 160 0.03-0.25 012 0.12

Methicillin-resistant 170 0.03-2 0.12 0.25

Comnnnity-acguired methicillin-resistant 10 0.12-0.25 0.1z 025

Glycopeptide-intermeadiate 12 0.06-1 0.12 0.25
Srapiylococcus apidarmiais

Aethicillin-snsceptible 158 0.03-2 0.12 0.5

Methicillin-resistant 155 0.03-1 0.12 0.5
Staphyiocaccus haemalyticls 166 =0.016-2 0.25 0.5
STEpIeCcOCONS PREUTIONIRE

Penirillin-susceptible 176 =0.03-0.12 =0.03 0.06

Papicillin-inrermediane 303 =0.03-0.03 =0.03 .06

Penicillin-resistant 270 =0.03-0.25 =0.03 0.0
STEpIeCcOrCNs DYOSEnas 176 =0.03-0.05 =0.03 .06
Smeptecoccur agaiacrios 115 =0.03-0.06 =0.03 0.0
Emrerococcus faecaiis

Vancomycin-suscepihble 158 0.03-0.25 006 0.12

VEnComyCin-Tesistan 147 =0.016-40.5 .06 012
Enterococcus faecium

Vancomycin-suscepithle 171 =0.03-0.25 .06 012

Vancomycin-resistant 155 =0.03-0.25 =0.03 0.12

Gram-negative aerobic pathozens

Cimobacter fieundii 160 =0.06-5 0.25 0.5
Enterobacter aarogenas 161 =0.06-4 0.25 1
Enterobactor cloacac 160 0.25-8 0.5 0.5
Ercharichia coli

2oo-ESBL preducing 208 0.06-1 0.12 0.5

ESBL producing 170 0084 025 0.5

Klgbziglla preumonios

MNon-ESBL, non-AmpC producing 180 0254 0.5 1

EZBL producing 171 0124 0.3 2

AmplC praducing &0 0.254 1 2
KEighzigila oxyroca 140 0.12-2 0.25 0.5
Maorganella margamnii 145 0.12-3 1 4
Protens mirabilis 160 0.5-16 4 B
Sarratia marcescans 160 0.25-8 1 2
Saimoneila enterica ser Enteritidis 120 0.12-2 0.5 1
Shigella sonnei 274 0.08-1 0.25 0.5
FPreudamonas agruginasa 160 0.25-32 8 16
Acinetobacier baumannii 158 0.034 0.5 2
_Aeromonaz fyarophila 142 0.06-1 0.25 0.5
Burkholderia cepacia 183 0.06—=32 4 16
Sremomophomonar maitophiiia 160 0.08-14 0.5 2
Huaemophiluz rffvenzae 204 0.06-1 0.25 0.5
Huagmophilus paraigfiencas 157 0.06-2 0.5 1
Moraxgila catarrhalis 240 =0.03-0.25 0.06 012
Pasteurella muliocida 126 =0.015-0.25 0.03 012

Anzerobes

Bacraroide: fragiiz 413 0.015-32 1 4
Provoteila spp. &1 0.015-1 0.12 0.5
Clasmidium difficile 63 =0.06-0.5 0.25 0.3
Closmridium perfringens T0 0034 006 0.5
Eubacrarium lenim 30 =:0.06-1 0.25 025
Paprosmapiococcis spp. oo 0.015-40.25 0.06 025

Susceptibility testing with tigecycline in broth requires the use of fresh mediathat is less
than 12 hours old at the time that the drug is diluted in the broth media. The reason for
thisisthat tigecycline is susceptible to oxidative degradation. MIC tests for aerobic
organisms in fresh media are referred to by the Applicant as the “reference method” for
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tigecycline. This methodology has been approved for use by the Clinical Laboratory and
Standards Institute (formerly known as the National Committee for Clinical Laboratory
Standards) (5,6). The Applicant in this submission has provided in subsection 1.6.1 of
section 2.7.2.4 (Special Studies) of this submission the rational and data to support this
requirement for in vitro susceptibility testing in broth media. The key to this caveat isthe
need to add the drug to broth mediathat is <12 hoursold. If the drug is added to broth
media <12 hours old and the broth media with the drug isimmediately frozen and the
plates used for susceptibility testing with 12 hours of use there is no effect on the MIC of
aerobic bacteria. The Applicant in subsection 1.6.1 of section 2.7.2.4 (Special Studies) of
this submission has provided experimental data to support this fact. Only the testing of
facultative bacteriais effected since anaerobic testing is done under anaerobic conditions
and thus there is no oxygen to oxidatively degrade the tigecycline.

In this submission the Applicant has provided MIC datafor avariety of aerobic and
anaerobic gram-positive and —negative bacteria (subsection 1.1.3 of section 2.7.2.4 —
Special Studies). Table 3 contains the MIC data for the bacteria that the Applicant is
reguesting for inclusion in the Indications and Usage section of the package insert. The
Applicant is not requesting the inclusion of E. coli producing ESBLSs or K. pneumoniae
producing AmpC or ESBLs. Thisdatais provided for information purposes only. The in
vitro susceptibility testing of the facultative bacteriain Table 3 was done by the
“reference method” meaning that the testing was done within 12 hours of adding the
tigecycline to the broth media.

Table 3. In vitro susceptibility of various bacteria listed in the proposed label for
for tigecycline using the "reference" broth dilution method for facultative organisms

Organism Number of MICsy  MICq Range
isolates ya/mL  pa/mL ua/mL

Facultative Bacteria
Enterococcus faecalis

Vancomycin susceptible 159 0.06 0.12 0.03-0.25
® @
Staphylococcus
aureus methicillin
susceptible 160 0.12 0.12 0.03-0.25

S. aureus methicillin

resistant 165 0.12 0.12 0.03-2
Streptococcus
agalactiae 115 <0.03 0.06 <0.03-0.06
Streptococcus
pyogenes 176 <0.03 0.06 <0.03-0.06
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Citrobacter freundii 160 0.25 0.5 0.03-8
Enterobacter cloacae 160 0.5 0.5 0.25-8
Escherichia coli 208 0.12 0.5 0.06-1
Klebsiella oxytoca 140 0.25 0.5 0.12-2
Klebsiella pneumoniae 180 0.5 1 0.25-4

Anaerobic Bacteria
Bacteroides fragilis 905 2 8 0.01-32

Bacteroides

thetaiotaomicron 315 2 8 0.12 - 32
Bacteroides uniformis 57 1 4 0.06 -8
Bacteroides vulgatus 120 1 4 0.12-8

Clostridium perfringens 50 0.12 0.5 0.03-4
Peptostreptococcus
micros 14 0.03 0.5 0.016 - 0.25

Table 4 contains the in vitro MIC datafor avariety of bacteriathat the Applicant is
reguesting to be included in “second” list of bacteriain the “Microbiology” section of the
Package insert. The MICs for facultative bacteria in Table 4 were determined using the
“reference method” . The organisms in the second list in the “Microbiology” portion of
the package insert are placed there on the basis that there is in vitro susceptibility data for
at least 100 isolates of bacteriathat are pertinent to the indications being sought and that
the M1Cy of each organism is at an concentration of the drug that can be achieved in the
blood by routine dosing of the drug. The Applicant is requesting that O
included in the second list. Because this organismis not relevant to
either the “Complicated Skin and Skin Structure Infections’ or the “Complicated Intra-
abdominal Infection” indication it will not be allowed in the second list. The Applicant is
also requesting that a O® he
included in the second list. Because these organisms also are not relevant to either of the
indications being requested by the Applicant they will not be allowed in the second list.
The following organisms are also being requested by the Applicant to be included in the
second list but will not be allowed because there is MIC data on fewer than 100 isolates.
(b) (4)
will not be allowed in the
second list of the package insert because they cause a different type of skin infection then
do other bacteria and they are intracellular pathogens. Well controlled clinical studies
where tigecycline is used to treat infections due to these organisms would need to be
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conducted before they were incorporated into the package insert for tigecycline or any
other antimicrobial.

(b) (4)

Table 4. In vitro susceptibility of various bacteria listed in the proposed label
for the second list in the microbiology section of the package insert using the
“reference method” for in vitro susceptibility testing for facultative bacteria

Number
Organism of MICsg  MICgq Range
isolates  pa/mL pao/mL ua/mL
Facultative Bacteria
Enterococcus avium 140 0.06 0.12 <0.016 - 0.25
Enterococcus casseliflavus 100 0.06 0.12 0.03-0.25
Enterococcus faecalis
vancomycin-resistant 147 0.06 0.12 <0.016 - 0.5
Enterococcus faecium
vancomycin-susceptible 171 0.06 0.12 <0.03-0.25
Enterococcus faecium
vancomycin-resistant 155 <0.03 0.12 <0.03-0.25
Enterococcus gallinarum 164 0.06 0.12 <0.03-0,.25
Listeria monocytogenes 220 0.06 0.12 <0.03-0.12
Staphylococcus
epidermidis
methicillin-susceptible 159 0.12 0.25 0.03-0.12
S. epidermidis
methicillin-resistant 155 0.12 0.5 0.03-1
Staphylococcus
haemolyticus 166 0.25 0.5 <0.016 -2
Acinetobacter baumannii 158 0.5 2 0.03-4
Aeromonas hydrophilia 142 0.25 0.5 0.06-1
Citrobacter koseri 175 0.25 0.5 0.03-8
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Enterobacter aerogenes 161 0.25 1 0.03-4
Y
] H B B I
]
] ] H 1 I
]
I ] 1 1 I
] H B B
" -« s =
"B = = = =
]
I H B B
L mE E Imm
Serratia marcescens 160 1 2 0.25-8
] H B B
] H B B B
. H B B B
I ] ] I
Stenotrophomonas
maltophilia 160 0.5 2 0.06 - 16
Bacteroides distasonis 138 4 8 0.12-16
Bacteroides ovatus 143 2 8 0.03-16
vy H B B
Peptostreptococcus spp. 61 0.12 0.25 0.015-0.5
]
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(b)(4)

Porphyromonas spp. 19 0.06 0.06 0.015-0.125

(b) (4)

Mycobacterium
abscessus 20 <0.12 0.25 <0.06 -1

(b)(4)

Mycobacterium
chelonae 26 <0.06 0.12 <0.06 - 0.25

(b) (4

Mycobacterium fortuitum 26 <0.06 0.12 <0.06 - 0.25

(b) (4)

Tigecycline activity against glycopeptide-intermediate (GI SA) and vancomycin-resi stant
Staphylococcus aureus

Tigecycline has been tested against 19 GI SA isolates obtained from the Network on
Antibiotic Resistance in S. aureus. The Tigecycline MIC range against these 19 isolates
was 0.06 — 1 ug/mL. The GISA phenotype that limits the activity of vancomycin and
teicoplanin had no effect on the MICs of tigecycline.
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Tigecycline activity against Enterococcus faecalis and Enterococcus faecium with
different genetic elements conveying resistance to vancomycin

Tigecycline activity against E. faecalis and E. faecium with different genetic elements
(VanA, VanB and VanA, VanB and VanD respectively) conveying resistance to
vancomycin did not change the tigecycline MIC against these organisms compared to
those E. faecalis and E. faecium isolates without the genetic elements.

Tigecycline activity against erythromycin-resistant Sreptococcus pyogenes and
Streptococcus agalactiae

Table 5 shows the activity of tigecycline against S. pyogenes and S. agal actiae that have
the erythromycin resistance genes mef(A), e'm(A), and e'm(B). Tigecycline was active
against all isolates regardless of the genetic determinant responsible for the
erythromycin-resistance. Of the 107 erythromycin-resistant S. pyogenes, 13 isolates were
determined to possess the ribosomal protection determinant tet(M). Among the 98
isolates of erythromycin-resistant S. agalactiae, 66 isolates possessed tet(M), and 19
isolates possessed tet(O), an other gene conferring tetracycline-resistance via ribosomal
protection. Tigecycline was active against all isolates regardless of the genetic elements
present that were related to either erythromycin or tetracycline resistance or the
combination of erythromycin and tetracycline resistance.

Table5
Tahle | 40151 Dstribution of ey thromycin resis tance genes among ervthromycin
resistunt sireptocecd and susceptibility to Ggeoy dine”
liemels deiemnmant Tage cyclee MIC ipgémal |

TEgaasen Fr R ] | meA A} | cmafi) | cmaing Faae Bl | M
[

& el All 107 el El ikl L0 &0 [ [
Ty w i ]
ML Ed 1 1 &
T L] T 1

& apalsctiae | Al et} 10 =] 33 00 01E L ol
M b &
My b 4 -]
N &7 45

= M detemninad by nomer el e g dluon e

R TR Y] phemaype, el meedoaal fosteos b e Sl ooy, MILSE Ealuchic omoSde- S nude-

slrep g nen B st (LS ) oM LEA- Rduckie me Sde St sl e-sie g e B st
[

Tigecycline activity against gram-positive bacteria with decreased susceptibility or
resistanceto linezolid

Table 6 shows the activity of tigecycline against MRSA and MSSA as well as
vancomycin-susceptible and —resistant E. faeciumthat had decreased susceptibility or

were resistant to linezolid. As can be seen the Tigecycline MICqos for these organisms
was <0.5 pg/mL.

Table6
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Table L4 1.16-1: Activity of tigecyechne agamst hnezohid-resistant S, aurenws and £
faecium.
MIC {pg/mL)*
Organism |N| Antibiotic Range MIC s MIC s
8. aurens, MESA [249] | Tigecveline 0.12-2 025 0.5
Linezolid 05=12 2
S awrens, MSS A [250] | Tigecveline 0.12-1 (.25 025
Linezolid 1-=32 2
E.fascium, VSE [2(4] | Tigecveline 0.12-1 .25 0.5
Linezolid 025264 8 [
E_fascium, VRE [71] Tigecyeline 1L12-05 025 025
Linezolid k] 2 2

* MICs determined by non-re ference broth-diluion tests

In surmmary, no significant differences wens noted betwesen the MIECs of tigecyehine for linesolid-

susceptible and —resistant 8 awreny and £ faecinm i any of the studies,

Tigecycline activity against Enterococcus spp. resistant to quinupristin-dalfopristin

The Applicant in this submission (Section 2.7.2.4 Table 1.4.1.1.7-1) provides datathat
shows that isolates of E. faecalis and E. faecium that have been found to be resistant to
quinupristin-dalfopristin to date maintain their susceptibility to tigecycline (M1Cy <0.25
pg/mL).

Tigecycline activity against bacteria harboring classical tetracycline resistance
determinants

The applicant has provided data (Section 2.7.2.4 Table 1.4.1.1.8-1) on the activity of
tigecycline against bacteria harboring classical mechanisms of resistance to tetracyclines.
This information can be seen in Table 6. As can bee seen tigecycline maintains its
activity against bacteriathat harbor classical mechanisms of resistance to tetracyclines.

Table6

Table 141.1L8-1: In Vitro Activity OF Tigecveline, Minocyveline, and 'I'ctrau_'-'iz.'llm:
Against Sirains With Characterized Tetracveline-Resistance Deterinan s °

- MIC (il e =eemmmmmme mmemees
Urgramsm et errn st Phenatype Tigacyeline Ml miscyeline Teatracyeling
E. coli renfA) Eiflux LS5 4 32
E. coli fef{B) EfMflux LS 1% =32
E. coly renC) Efflux 025 4 >332
E. coli ren{[})y Eiflux 25 B >332
E. coli fef M) Foabistasl Protecton 025 =32 =32
E_ eali ndane Smceptihle 025 1 1
A e ren(B ) Eiflux LS5 h25 >332
. e fef M) Foabistasl Protecton LS 4 =32
. mires ndane Smceptihle 025 LR 012
E. jrecalis fen M) Eihosoana] Prodection 025 14 =32
E. jrecalis nome Suwceptihle 25 1 L]
T

MICs determmed by non-referencs method (spar dilmdon)

Tigecycline activity against extended-spectrum g-lactamase (ESBL) producing strains of
Enterobacteriaceae
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The applicant has provided data on the activity of tigecycline against Enterobacteriaceae
that produce ESBLs (Section 2.7.2.4 Table 1.4.1.1.7.10-1 and 10-2) The datain Table 7
represent isolates collected from blood stream infections in patients from North America
and, Latin America, and Europe. The datain table 8 represent isolates from patientsin
Europe and the Middle East. In both tables it can be seen that there was no significant
differences between MICs for ESBL positive isolates compared to ESBL negative
isolates.

Table 7
Table LALLIOT: The activity of tipeeveline tested spainst 176 E. colf and K
preumoniae isolates, including 96 ESBL producing strain 52
MU (el
Urgansim ESEL” [M] Antimucrobial Agent Range MUy, MLy
E. coli Meg[43] Tigeevelme 062 012 025
Tetrscychne fo I <4 =]
I penem <ih &1 012 02s
Papreriac | bt e tham 0.5->128 2 ]
Ciprofloxacn <2522 <125 w3
Pos [35] Tigecyclme 06015 w1z LI
Tetracyclina =l =k =3 1
I penem < (ha-0.5 012 us
Paprersc | hin i e e 1=12% 128 *124
Ciproflosacm <2522 =125 w3
K. prewmonioe MNag|37] Thges velme LHEL 025 1
Tetrscyclina o B <A =1
lmupenem < (b (&5 012 025
Piperzc lin'ts sobactam L12-125 4 H
Chiprollosxscm =iL25-22 =25 =iLZ5
Pesi [ 61 Tigecyelne 064 038 1
Tetrscychne o B =4 =]
I penem <0 (hh-2 02s s
Piperasc | B oo bese ke 4128 >128 =128
Ciprofloxacn S 2502 =025 =

d. MICs determinad by non-referance hrath merodildion tests

b. ESBL phenostype determned by NOULS recomumended confinmtory s ™
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Table 8
Table L4.1.L10-2: In vitro MIC values of tigecyeline and other antibiotics
apainst 420 ESBL producing and 516 non-ESBL producing E. colff and K
Prewmoniae.
MIC (pgml )
Urganiim ESBLY [M] Amntimxcrohial Agent Range L L M1
E. ol Meg|258) Tigee velme L1241 0.25 0.5
Ul xlme 01.5-0m04 L5 LER
Caftnasone 0.5-64 L5 s
limipenam h5=1 5 L]
Pesi [ 142) Tigecyclme 0.25.2 0.25 1
Ul xlme 01.5-0m04 32 =
Caftnasone 0.5-64 32 w6l
Immuipenam h5-1 s s
K. prewmonie Meag|258) Tigecycline L12-8 s 1
Ul xlme 01.5-0m04 L5 1
Caftnasone 0.5-64 L5 s
limnpenam 151 L5 s
Pes | 27H) Tigecyclna (L25-§ 1 2
Ul xlme 01.5-04 il =
Caftnakome 0.5-64 14 el
limnpenam 54 L5 s

€. MICs determnned by non-raferancs broth manodilidnon tests

d. ESBL phenotvpe determined by NOULS secnsmmsended codlismstony e L

Tigecycline activity against ciprofloxacin-resistant Escherichia coli
The Applicant has provided data for E. coli to show that tigecycline activity is not
influenced by the susceptibility of E. coli to ciprofloxacin (Section 2.7.2.4 Table
1.4.1.1.7.11-1). Thetigecycline MICy, for both ciprofloxacin-susceptible and —resistant
E. coli is 1pg/mL.

Activity of tigecycline against intracellular pathogens
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The Applicant indicates (Section 2.7.2.4 subsection 1.6.4.3.2) tigecycline is active against
the intracellular pathogens Chlamydia pneumoniae and Chlamydia trachomatis. This
information suggests that tigecycline penetrates into human cells since these studies were
done in cultured cells.

M echanism of Action

Tetracyclines act by inhibiting protein translation in bacteria, presumable by binding to
the 30S ribosomal subunit and blocking entry of amino-acyl transfer RNA molecules into
the A site of the ribosome. This prevents incorporation of amino acid residues into the
elongating peptide chains. In general, tetracyclines are considered bacteriostatic.
Glycylcyclines inhibit protein synthesis on wild-type ribosomes and on tetM-protected,
tetracycline-resistant ribosomes and they also inhibit organisms with tetracycline efflux
mechanisms (1,7). Tigecycline has been shown to overcome the major tetracycline
resistance mechanisms of efflux and ribosomal protection and to have in vitro activity
against multidrug-resistant staphylococci (see Table 1), penicillin-resistant S. pneumoniae
(see Table 1), vancomycin-resistant enterococci (see Table 1), anaerobes (see Table 1),
and minocycline-resistant bacteria while retaining activity against minocycline-
susceptible microorganisms (3,8).

Current evidence suggests that tigecycline binds more avidly to the ribosomes such that
the product of the tet(M) gene is unable to disrupt the tight glycylcycline-ribosome bond
or that the product of the tet(M) gene is unable to interact with the ribosome to allow
protein synthesis to occur (9,10). The activity of tigecycline against isolates of bacteria
that have efflux mechansims of resistance likely results either from the inability of
tigecycline to induce tetracycline efflux proteins or simply because the efflux pump is
ineffective in transporting glycylclines out of the cell.

Table 9 shows the MICs of tigecycline, tetracycline, and minocycline against some gram-
positive and gram-negative bacteria with known tetracycline resistance determinants.

Table 9. In vitro MICS of tigecycline, minocycline and tetracycline against gram-positive and gram-negative
bacteria with known tetracycline resistance determinants (6)

MIC (ug/mL)
Organism Resistance Determinant Tigecycline Minocycline  Tetracycline
Escherichia coli tet(B) 0.5 16 >32
E. coli tet(A) 2 4 32
E. coli tetC 2 4 >32
E. coli tet(D) 0.25 8 >32
E. coli tet(M) 0.25 >32 >32
Staphylococcus aureus tet(K) 0.5 0.25 0.32
S. aureus tet(M) 0.5 4 0.32
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E. faecalis tet(M) 0.25 16 >32
Neisseria gonorrhoeae tet(M) 1 16 >32

In this submission (Section 2.7.2.4, subsection 1.5.2.1) the Applicant providesthe
following information on the bactericidal/bacteriostatic activity of tigecycline against a
variety of bacteria. As noted tigecycline is bactericidal against S. pneumoniae, regardless
of susceptibility to penicillin but bacteriostatic against the majority of S aureus, E. coli,
and K. pneumoniae.

1521 MIC/MBC mtios ™"

The mimmal bactenadal concentration {MBC) of tigecyeline was determmned by several
mvestigators agamst recent chimeal solaes using methods recommended by the National
Committes for Clinical Laboratory Standards (NOCLS) (53,54 RPT-42704, RPT-51233, RPT-

51962, RPT-51227) %012

Mimimal whibitory concentrations {MICs) were detamimed by
micmbmoth dilution methods as recommended by the NCCLS M Samples from culture wells
showing inhibi tion of growth by the umaided eye after 24 hr of growth at 35%C-36°%C were sub-
cultured onto antibiotic-free growth medium plates with the appropriate supplements whens
required. The plates were incubated for 18-24 hr at 35%C after which colony counts were
determined. The MBC was defined as the lowest concentration of antibiotic that results in a 3-
logye (99.9%) decrease in CFU/mL of the moculum.  IF the MBC is within 4 dilutions of the
MIC, the antibiotic activity 15 comsiderad to be bactencidal.

O the basis of MIC/MBC ratios tigee yeling was bactencidal against 62 of 64 Streprococcus
prenmonige wolates (5,35 4 RPT-42704, RPT-51233, RPT-5196 2].” The two exceptions wens
a penicillin-susceptible stmin and the ATCC reference strain (5.3.5.4: RPT-42704).] Bactericidal
activity was noted against penicillin-susceptible (PS5F), penici lin-intermediate and penicil lin-
resistant §. prenmoniae (PRSP isolates (5.3.54; RPT-42704, RPT-512337% The

BB e M Cag ratio was =2 against 14 methicillin-susceptible 8. aurewy (MS55A) and 17

methicil im-resistant 8 aurens (MRSA) mdicating bactericidal activity agamst these isolates
(5.35.4: RPT-5196217 Tigecycline was not bactericidal against 26 MESA isolates (5.3.54:
Patel B, 20001 ar the 3 MSSA, 3 MRS A, and 2 of the 6 M5- and MR<oagulase-negative
staphylococe solates tested (5. 3.5 4: RPTH Z704).7 Stevens determined the MIC and MBC far
ten strmins of S treptococcus pyogenes (5.3.5.4: RPT-5 122701 Tigeeveline MICs ranged from
0020006 pe/mL., whereas MBCs ranged from 0.06-0.24 pg/mL. For most of the straims, the
MBC was 1 to 3 dilutioms higher than the MIC, Bacteriostatic activity was observed against
Enterococew fascaliv or E. fasciiem incliding both vancomycin-susceptible and vancomyein-
resistant straims,  Bacteriostatic activity was also noted agaimst many of the 20 E. coli and 20 K
prenmonige chnical isolates tested (5.3.5 4 HPT-5196 1.7 Thus tigeeyeline demonstrates
hactericidal activity against most penicilhin-susceptible, -imtermediate and —resistant S

prenmonige and occasional isolates of & gwrews, £ coli and K. preumoniae.

M echanism(s) of Resistance
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Mutations in the interdomain loop region of the tet(A) tetracycline resistance gene that
increase the efflux of minocycline and glycylcyclines has been reported in veterinary
isolates of Salmonella choleraesuis and Salmonella typhimuriumisolates (11). These
mutations were shown to reduce susceptibility to the glycylcycline class of antibiotics.
This reduced susceptibility was more pronounced for the glycylcyclines DMG-MINO
and DMG-DMOT than GAR-936 (TBG-MINO) (8to 16 ug/mL vs. 2 ug/mL
respectively) (12). The authors of this report noted that both isolates carried the same
novel tet(A) variant, based on DNA sequencing, with one determinant plasmid encoded
and the other on the chromosome. The novel tet(A) gene caries two mutations in the
largest cytoplasmic loop of the efflux pump, which causes a double frameshift in codons
201, 202 and 203. This “interdomain region” of the efflux pump the authors note has
generally been regarded as having no functional role in the efflux of tetracycline but the
double frameshift is most likely responsible for the enhanced resistance observed and
points to an interaction that was previously unrecognized. The authors also note that
mutants of the tet(B) class with decreased susceptibility to the glycylcyclines were also
generated in vitro. These all carried mutations in the portion of the tet(B) gene encoding a
transmembrane spanning region of the efflux pump. The authors suggest that it will be
the interdomain region of the pump that is likely to be the loci of future glycylcycline
resistance mutations as these compounds enter clinical use (11). How, commonly this
resistance will occur asthe glycylcyclines are used is unclear at thistime.

Genera with intrinsic decreased susceptibility to Tigecycline

Proteae (Proteus spp., Providencia spp. and Morganella spp.) and Pseudomonas
aeruginosa are inherently less susceptible to tigecycline than most other bacteria. The
Applicant provides information on the mechanism(s) that contribute to the resistance of
these bacteria to tigecycline (Section 2.7.2.4, subsection 1.4.2.1). In the case of Proteus
mirabilis it was found that two independent transposon insertion mutants are responsible
for the decreased susceptibility of this organism to tigecycline. It was determined that the
transposon had inserted the acrB gene, which is part of the AcrAB efflux system and
belongs to the resistance, modulation and cell division (RND) family. This efflux system
pumps out a broad range of antibiotics, detergents and dyes. It iswell characterized in
other genera of the family Enterobacteriaceae, but had not been previously identified in
P. mirabilis. Although E. coli, K. pneumoniae and E. aerogenes have close homologs to
the AcrAB efflux system, wild-type strains do not show decreased susceptibility to
tigecycline.

In the case of Morganella morganii (Section 2.7.2.4, subsection 1.4.2.2) the Applicant
has determined that the presence of the transposon that regulates the Acr pump isthe
likely cause for reduced susceptibility of M. morganii to tigecycline.

For P. aeruginosa an efflux pump is also related to the decreased tigecycline

susceptibility. The specific efflux pump in P. aeruginosa has been found to be MexXT-
oprM (Section 2.7.2.4, subsection 1.4.2.3).
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SynergisnVAntagonism Studies (Antibacterial Interactions and Fixed Combination
Studies)

The Applicant has provided information on the activity of tigecycline in combination
with other antimicrobials against a variety of bacteria (Section 2.7.2.4 subsection 1.7).
For thein vitro antibacterial studies the Applicant has used the following definitions of
synergism and antagonism. Synergism was defined as a >two-fold dilution increase in
the combination MI1C when compared to the MI1Cs of either agent while antagonism was
defined as a >twoOfold dilution increase in the combination MIC when compared to the
MICs of either agent alone. A single dilution increase or decrease was considered to be
non-significant and referred to as “indifferent” result.

The antibacterial activity of tigecycline was determined in a 1:1 combination with
gentamicin, ciprofloxacin, vancomycin, erythromycin, piperacillin, imipenem, and
rifampin, amikacin, ampicillin-sulbactam, azithromycin, ciprofloxacin, colistin,
levofloxacin, minocycline, piperacillin, piperacillin-tazobactam, and polymyxin B.
Synergistic activity was shown for E. faecalis PT4440 and S. pneumoniae GC1889 with a
tigecycline plus erythromycin combination. The respective tigecycline and erythromycin
MICs for E. faecalis PT4440 were 0.12 pg/mL and 1 pg/mL, whereas the combination
showed an activity of 0.015 pg/mL (i.e. 0.015 pg/mL of each agent). Similarly, the
combination MIC for the S pneumoniae GC1889 isolate was 3 and 6 dilutions lower than
the tigecycline and erythromycin MICs alone respectively. However, the Applicant
concluded from all the synergy/antagonism studies that were conducted that there were
no consistent trends for synergy and no antagonism between tigecycline and any
antibiotic in combination for any of the bacterial species tested.

IN VITRO SUSCEPTIBILITY TEST METHODS
Broth dilution susceptibility testsfor tigecycline require the use of fresh media

Susceptibility testing with tigecycline in broth requires the use of fresh mediathat is less
than 12 hours old at the time that the drug is diluted in the broth media. The reason for
thisisthat tigecycline is susceptible to oxidative degradation. MIC tests for aerobic
organisms in fresh media are referred to by the Applicant as the “reference method” for
tigecycline. This methodology has been approved for use by the Clinical Laboratory and
Standards Institute (formerly known as the National Committee for Clinical Laboratory
Standards) (5,6). The Applicant in this submission has provided in subsection 1.6.1 of
section 2.7.2.4 (Special Studies) of this submission the rational and data to support this
reguirement for in vitro susceptibility testing in broth media. The key to this caveat isthe
need to add the drug to broth mediathat is <12 hoursold. If the drug is added to broth
media <12 hours old and the broth media with the drug is immediately frozen and the
plates used for susceptibility testing with 12 hours of use there is no effect on the MIC of
aerobic bacteria. The Applicant in subsection 1.6.1 of section 2.7.2.4 (Special Studies) of
this submission has provided experimental data to support this fact. Only the testing of
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facultative bacteria is effected since anaerobic testing is done under anaerobic conditions
and thus there is no oxygen to oxidatively degrade the tigecycline.

Effect of pH on the activity of tigecycline

The Applicant in this submission (Section 2.7.2.4 subsection 1.6.1.2) provides datato

show that there was only a slight increase, one log, dilution for most bacteria tested, when
the pH decreased from pH 7 to pH 5 (Table 1.6.1.2.1). Similarly no significant difference
in the MICs of tigecycline was observed when the medium pH was raised from 7.0 to 9.0.

Effect of inoculum density on the activity of tigecycline

The Applicant in this submission (Section 2.7.2.4 subsection 1.6.1.2.2) provides
information on the effect of inoculum density on the MIC of tigecycline. Basically the
information shows that for both gram-positive and gram-negative clinical isolates the
tigecycline M1C was not significantly affected (defined as >2 fold dilution change) by
increasing the inoculum density above the standard to 10° and 10" CFU/mL or below 10*
CFU/mL.

Comparison of tigecycline MI1Cs determined by agar dilution and M ICs determined
by broth microdilution

The Applicant has provided information (Section 2.7.2.4 subsection 1.6.1.3) to show that
overall tigecycline MICs generated by agar dilution tended to be 1-log; dilution higher
than those determined by broth microdilution.

Development of disk test for diffusion testswith tigecycline

The Applicant carried out studies (Section 2.7.2.4 subsection 1.6.2) to select the disk
content of tigecycline that most accurately differentiates between susceptible and
resistant organisms. Disks containing 5, 10, 15 and 30 pg of tigecycline were tested.
Zones of inhibition in mm using the Kirby-Bauer disk diffusion test were compared with
the minimum inhibitory concentration (MIC) using the standard microbroth 2-fold serial
dilution method as recommended by NCCLS (4, 13). A variety of bacteria (see Table 10)
were included in the testing. Results for each of the disk contents and the corresponding
MICs for the test organisms were analyzed by the error-rate bounded analysis. Initial
analysis indicated that both the 15 and 30 pg disks gave good separation between
susceptible and resistant isolates. Further analysis showed that the 15 pg disk provided
the best dose-response and separation of susceptible and resistant isolates (Section 2.7.2.4
subsectionl.6.2.1). Stability studies showed that the disk content remained within the
acceptable range by CFR guidelines after 3.5 years at 4°C (Section 2.7.2.4
subsectionl.6.2.2).

Table 10.
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Table 1.6.2.1-1: Bacterial Strains used in development of tipeeveline
disk for Kirby-Bawer susceptibility tests™

CRGANEEM No. OF STRAINS MIC BANGE (ug/ml)
Tigecyeline Minocy cline

E_enly 35 h125-1 025 -564
K. prewmoniae 11 .25 - L5 1-4
K. oxysoea 11 h125-05 1-8
L. diversus 1 125 -105 05-4
L freundii 1 025-4 2-16
B cloarae 1 025-1 2-8
E. aerogenes i 025.2 2.8
H_ alver - 025-1 1-8
F.mirabii 15 1-4 B-64
Fovulgaric 15 1-4 4-32
Frovigencia sp. 9 05-% 2 = il
P._relggeri 5 .25 - 16 2= >128
M. margranii 11 05-% 1->128
Salmonell ap. 22 0325-2 0.5 - =64
Shigrela ap 20 003 -0.125 05=-8

. BN 20 5-1 006 -0.25
Y. enterocalisea 5 0125 - (L2325 5=-1
P aerwrinosa 15 4=-32 5-128
& maltophilia i 05-2 2 .16

Table 1.6.2.1-1: Bacterial Strains used in development of tigeeyeline
disk for Kirby-Bawer susceptibility tests™ (Cont ")

ORGANIEEM Moo, OF STRAINS MIC BANGE (ug/ml)
Tigecyeline Minocy cline
Acineiobacier gp. 20 =06 - 8 = iH -8
B eepacia 10 025-2 is-1
. ureus (MESA) 20 h125-1 006 -8
8. norens (MESA) 24 125-05 =03 -8
& AaemolylEus 10 ke =1 G -1
. epidermidis (MESE) 20 (G - L5 0 -03
& epidermidis (MESE) 18 01251 006 -8
Oiher CNS 5p 10 06 =1 o6 -1
. poeremonine (PEN:R) 9 G -4 2 .16
& prewmonime (PEM:S) 7 025=-2 g -2
. agradactae 10 003 =025 006 = 16
&, progenes 11 (s (.25 s -0125
E. casselifavas 2 0125 16
E. faecalis 20 i =0.125 0106 = 16
E._ faccam 17 =005 - 00125 =003 - 16
E_ grarll ivenrunm 4 0.bs - 025 16
E. raffmoms 3 =ik =035 05-4
Tl 470

Quality control limitsfor disk susceptibility tests of 15 g tigecycline disk

In accordance with guidelines set by NCCLS (now CL1S) document (14), a collaborative
study was performed in eight different laboratories using two 15 g disks prepared by
two manufacturers, ®® The data
accumulated from the eight participating laboratories were pooled and the quality control
zone size limits for the 15 pg disks for each of the reference organisms were determined.
A review of the data submitted in this application to establish the quality control zones
found no problems with the data used to establish the quality control ranges for the 15 ug
tigecycline disk. These results can be seen in Table 11.

Quality Control Limitsfor Broth Microdilution Susceptibility Testing of Facultative
Bacteria for Tigecycline
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A number of studies were conducted by the Applicant in order to establish the tigecycline
broth microdilution quality control ranges for facultative bacteria. Thiswas necessary
because at the beginning of the development of tigecycline it was not realized that
®®@ broth no older than 12 hours needed to be used because of the b
®®@ of tigecycline in broth media older than 12 due to the o]
®® Al studies used to establish the tigecycline broth microdilution quality control
ranges were done in accordance with NCCLS M-23 guidelines (14). Table 11 shows the
broth micro-dilution quality control ranges that were determined after the numerous
studies.

Tigecycline Quality Control for Dilution Testsfor Anaerobic Organisms

The Applicant in this submission provides data used to establish tigecycline broth micro-
dilution quality control ranges. All procedures used to establish these quality control
ranges followed the guidelines of the NCCLS (14,15). The tigecycline quality control
ranges for the agar dilution method that were established are shown in Table 11. The
Applicant attempted to establish tigecycline quality control rages for anaerobic bacteria
test by broth microdilution but was not able to do this. Quality control ranges for
anaerobes could be established for anaerobes therefore anaerobe susceptibility testing
must be done by agar dilution. Broth micro-dilution susceptibility testing of anaerobes to
determine MICs is not recommended.

Table 11.
Table L6.3.4-1: NCCLS approved quality control ranges for tigecyveline %3

(hreanism Drilution testing Disk Diffusion
MIC (ug/mlL) Fone Diameter

8. aurens ATCC 25923 MA 2040 25 mm

8. aurens ATCC 29213 0.03-0.25 pe/mL" NA

E. coli ATCC 25022 0.03-0.25 pe/mL 20t IV mim

E_ fascalis ATCC 20212 0.03-0.12 piml MNA

P ageruginosa ATCC 27851 Mo range approved 9 to 13 mm

8. preumoniaz ATCC 49619 0.01640.12 pe'mlL 13 to 29 mm

M. influsnzas ATCC 49247 106405 pg'ml 23 to 31 mim

N ganarrhosas ATCC 49226 MA 30 to 40 mm

B fragilis ATCC 25285 0.12-1 pwml” NA

B thetaiotanmicron ATCC 29741 0.5-2 p'ml NA

E. lentum ATCC 43055 06405 pe'ml MNA

* WA, nod applicable for this organim
" Far broth mocradilution testmg of tigecycline, when MIL panels ane prepared, the medium must be preparad fresh

onthe day of use. The medimm must be no grester than 12 hows ald at the Hme the fenels ane made, however the
panels msy then bea froxen for later nsa.
: Qruality camiral ranges for anaerohes were determined fir agar dilution iy

Development of provisional interpretive criteria for dilution testsfor tigecycline
The Applicant in a previous submission had provided the rationale and data for the

establishment of provisional tigecycline MIC interpretive criteria (IND 56,518 SN 090
dated 19 Oct 2001). The proposed breakpoints of () (4)
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®®@ were based on the following preclinical in vitro
susceptibility data, pharmacological properties and clinical efficacy data from Phase ||
studies. The MIC interpretive criteria promoted by the Applicant at this time was not
based on any bacteriological eradication or clinical out come data from clinical studies.

» For GAR-936 (previous name of tigecycline), MICggs for many types of
pathogenic bacteria tested was 2 pg/mL or lower

* GAR-936 provided along in vitro and vivo PAE for both S. pneumoniae and E.
coli

* GAR 936 was well distributed to most tissues and the concentration of GAR-
936 in these tissues are higher than in plasma

* Animal studies showed a significant time above an MIC of 2 pg/mL in many
tissues including cardiac vegetations

* GAR penetrates into human cells as demonstrated by efficacy against
intracellular pathogens

* The time above the MIC in serum did not correlate with the efficacy in animal
studies in any of the infection models studied

» From these infection models, the currently used clinical daily dose of 100 mg
would be efficacious for difficult to cure infections such as endocarditis

» Therewas aclinical cure associated with the majority of patients that had
pathogens susceptible to <2 pg/mL of GAR-936 in preliminary data from Phase
[l clinical trials

Development of provisional interpretive criteria for disk diffusion testsfor
tigecycline

The Applicant also established provisional disk diffusion interpretive criteria for
tigecycline based on the determined provisional MIC interpretive criteria. The zone
diameter interpretive criteria were ]

When the data from all organisms used to determine the disk diffusion
interpretive criteriawere analyzed by the error-rate bounded method (14) there was good
correlation between MIC and zone diameters (no very major or major errors resulted
(Table 12). These zone diameters also fit the criteria outlined by the NCCLS in their M23
document (14) that 1) most susceptible strains should produce zone diameters between 15
and 45 mm, and 2) that the susceptible breakpoint should be between 15 and 25 mm.

Table 12 shows the correlation between the Applicant’s proposed MIC interpretive
criteriaand the Applicant’s proposed disc diffusion interpretive criteria.

Table 12
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Table 1L.65-1: Discrepancy Hates for 199 data based on provisional MIC and zone
interpretive criteria for all organis ms
MIC Rangpge Mumber of NMumber of Discrepancies (Discrepancy Haide)
Isolates Very Major (") Major (") Minor ("a)
>=(142) 21 L] MNA 1 {4.8)
(1) to(1-1) 176 412.3) il 72 (40.9)
==(1-2) 1043 MA i 5(0.5)
Total 12:4) 4 (2.3) il TR(6.3)
INVIVO

Pharmacokinetics

Figure 1 represents GAR-936 (akatigecycline) individual and mean serum concentration
vs. time profiles obtained after the last dose of GAR-936 on day 10 (steady state) in
healthy subjects after 50 mg bid dosing. The drug is rapidly distributed from the serum to
the tissues. The mean AUC,.1, obtained at steady-state after 50 mg bid doses in healthy
volunteerswas 3.1 pg.h/mL. Thistranslates to atotal serum AUC of 6.2 pg.n/mL. This
concentration of tigecycline in the blood after atotal daily dose of 100 mg provides
adeguate serum concentration to treat the target pathogens (see In Vitro Spectrum of
Activity).

The long half-life of GAR-936 (mean T1» > 30 h) seen in humans is believed by the
Applicant to be dueto the prolonged residence of the drug in the body. The Applicant has
provided information from both animal and human studies to show that tigecyclineis
extensively distributed into tissues (Table 13) (Section 2.7.2.4 subsection 1.6.4.3.3). Ina
previous submission (study GTR33609) the Sponsor provided data on the efficacy of
tigecycline to treat pneumonia caused by S pneumoniae in mice. The data showed that
maximum reduction of 4.7 to 5 logip against penicillin-resistant S pneumoniae was at 72
hours after administration of 8 mg/kg of tigecycline. The 8 mg/kg trestment was
fractionated into BID (4 mg/kg) and QID (2 mg/kg) dosing. The BID and QID results
showed slightly better efficacy, however the counts were below the levels of detection
and the maximum reduction > 5 log;o was recorded. The percent survival of mice
infected with penicillin-susceptible and —resistant S pneumoniae after subcutaneous
administration of 1mg/kg was 100%. In these studies tigecycline was shown to achieve
lung tissue concentrations above the MIC to PRSP for approximately 4 hours at 4mg/kg.

Theoretically, due to its long-half in humans, tigecycline concentrations approach steady-
state levels only after 5 days (50 mg bid). Therefore, a 100 mg loading dose followed 12
hours later by 50 mg g12h was chosen by the Applicant for rapidly achieving steady-state
levelsin humans. The Applicant feels that because of the long half-life of tigecycline it
is amenable to once daily dosing. However, nausea and vomiting is the dose limiting
tolerability factor.

Figure 1
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Figure 1.643.31: Serum concentration vs, Time Profiles of GAR-936 in Humans After
Last Dose on Day 10 (Stead v-state) Fol lowing S0 myg h;ld Dosing as a 1 hour [nfusion (study
INT4AT-101-US)"

r
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i E00 ' 4+ Individual Data - Day 10
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Table 13

Table LoA4.32.1-1: Comparison of Time Above MIC g (or a Fraction) in Tissues -
Resulis from Simulation of Tissue Distribution Data from Rats™

Thime Ahove MIC,
{over @ 24 hr period after 7 days QD dosing)

Trisie MIC = 2.0 My =140 MLy, =05 MIC,, =025
P lasarey T ~2 ~3 —4
Slam -2 e ] ~14 -M
Lung -3 ] =21 +24
el vy (ilamd ~16 +24 +24 +24
Kadney ~14 +24 +24 +24
Laver =1 ~1%8 +24 +24
Heart -3 =11 ~16 +24

Hraan ~4 ) i 4
Mote: Stmulations of total radioactivity data from a single [V dose tssue distribution study of
MOLGAR-936 in rats,

Post Antibiotic Effect (PAE)

The Sponsor in a previous submission (study GTR 33607) provided data to show what
thein vitro PAE of tigecycline was after exposure of Escherichia coli or S aureus
isolates to 8 x MIC of tigecycline for two hours. The PAE’s against tet-susceptible,
tet(K), tet(M) expressing S. aureus were >4.5, >3.5, and >3 hours for tigecycline. For
enterococci the PAE, regardless of the mechanism of resistance was found to be >3
hours. The PAE’s against tet-susceptible, tet(B), of tet(M) expressing E. coli were 2.9,
2.6, and 1.8 hoursfor tigecycline. Studies have shown when tigecycline (GAR-936) is
dosed at 3mg/kg the PAE for S pneumoniae is 8.9 hours and for E. coli 4.9 hours (12).
The same PAE characteristics for tigecycline in relation to S pneumoniae and E. coli
seen in vitro were seen in the mouse model (Section 2.7.2.4, subsection 1.5.1.3)

Animal Studies

The Applicant provides data for the effectiveness of tigecycline in a number of mouse
efficacy models and endocarditis models (Section 2.7.2.4 subsection 1.6.4.2.3). In
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general, the in vivo data reflect the in vitro potency of these compounds. The models
were: 1) an acute lethal mouse model, in which a single dose of an antibiotic is
administered either intravenously or subcutaneously to prevent death from a lethal,
systemic infection; 2) alocalized mouse infection model, in which mice are rendered
neutropenic, bacteria are injected into the thigh muscle, and bacterial counts in the thigh
are determined 24 hours after infection; 3) a mouse pneumonia model, in which a
bacterial culture isintroduced nasally and when untrested, is lethal; and 4) arat or rabbit
endocarditis model, in which bacterial vegetations grow in catheter-induced injuriesin
heart tissue and the ability of antibacterial agents to inhibit growth is determined
compared to untreated controls.

The efficacy of tigecycline as determined in each of the in vivo models is shown in Table
14. The pharmacokinetic properties of tigecycline were also determined for the infected
animals. The results of these studies demonstrate that the time above MIC did not
correlate with the efficacy in the animal studies in any of the infection models studied.
From a number of these studies, area under the concentration-versus-time curve (AUC)
was the determinant of the in vivo efficacy, and the AUCs listed would therefore
represent the target AUC in humans.

Table 14
Table L64.2.3-1: Resulis of In Vive Models of Efficacy for GAR936
Mlaml el Chrpanism EMicacious KL I=MIC in Projecteld
Dime {mg ki | ppelir im L Serwim hwisa i abose
{lridayy | e by
Acide lethal & ol 1.7 L& i ]
{ I
it . e 052 0AED 57 212 1510
E. frevalis 1 096 <l 5
Prsimsoma 8. prewmoniae 1 065 <1 11
{ )
{emoris) K. prewmonine 5 (M) 29 i 45
Endacard g E. faecalis 35 54 =8 ol
frat 1
fr) . e 3% 54 i w0

* Efficacions dose = Effectve dose 504% EDy,
b Effcacious dese = Protective dose 507 (P D)
¢ Ethasciom dose= =2 log g reducton in CFLUL BID desmg

Pharmacodynamics

The in vivo pharmacodynamic activity of GAR 936 was assessed in an experimental
murine thigh infection model in neutropenic mice (12). Mice were infected with one of
several strains of S pneumoniae, S aureus, E. coli, or K. pneumoniae. Mogt infections
were treated with a twice-daily dosing schedule, with the administration of 0.75 to 192
mg of GAR-936. A maximum-effect dose-response model was used to calculate the dose
that produced a net bacteriostatic effect over 24 hours of therapy. More extensive dosing
studies were done with S pneumoniae, E. coli, and K. pneumoniae, with doses being
given as one, four or eight equal doses over a period of 24 hours. The dosing schedules
were designed in order to minimize the interrelationship between the various
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pharmacokinetic and pharmacodynamic parameters studied. These parameters weretime
above 0.03 to 32 times the MIC, area under the concentration-time curve (AUC), and
maximum concentration of drug in serum (Crax). The bacteriostatic dose remained
essentially the same, irrespective of the dosing frequency for S. pneumoniae (0.3to 0.9
mg/kg/day). For E. coli and K. pneumoniae, however, more frequent dosing led to lower
bacteriostatic doses. Time above a certain factor (range 0.5 to 4 times) of the MIC was a
better predictor of in vivo efficacy than Crax or AUC for most organism-drug
combinations. The results suggest that in order to achieve 80% maximum efficacy, the
concentration of unbound drug in the serum should be maintained above the MIC for at
least 50% of the time for GAR-936 (12). These experiments showed that GAR-936 was
most effective against S. pneumoniae, both tetracycline-susceptible and tetracycline-
resistant strains with bacteriostatic doses ranging from 0.8 to 5.9 mg/kg/day.
Bacteriostatic doses for E. coli and S aureus were up to 25-fold higher. GAR-936 was
only marginally effective against K. pneumoniae with bacteriostatic doses ranging from
65 to 151 mg/kg/day.

The Applicant provided data from a localized mouse infection (thigh) model that shows
that the time above some fraction of the MIC (i.e. 1.2) or the AUC correlates best with
efficacy of tigecycline. Thisinformation is shown graphically in Figure 2.

Figure 2

Figure 1.643.4-1: Time above a fracion of the MIC of GAR-936 or AUC correlates with
in vivo ullitai.'_'r"

CFLI wriemied
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v Qoo of al, AT HedE-045 2000

CLINICAL TRIALS

Correlation of Provisional Interpretive Criteria with Bacteriological Clinical
Outcome

Susceptibility Tests and quality Control Data from Clinical Trials
The Applicant used a contract laboratory O® to

perform all identifications and susceptibility testing of isolates obtained from patientsin
phase 3 clinical trials.
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Verification of Procedures Used for Testing of Patient I solates

The Applicant in this submission provided details of the methods used by O

®® o have organisms shipped to their laboratories, identify isolates and test
isolates for their susceptibility to tigecycline and other antimicrobials (Section 2.7.2.4
subsection 4.1 —4.1.1). ldentification of bacterial isolates was done by recognized
methods (16). Susceptibility testing of patient isolates was done by the methods
recommended by Clinical and Laboratory Standards I nstitute [formerly National
Committee for Clinical Laboratory Standards (NCCLS)] (4,13,14,15). The Applicant has
included in this submission the in vitro susceptibility test quality control datathat was
generated at the time susceptibility testing of patient isolates was done. A review of this
data did not reveal any major discrepancies.

Establishment of In Vitro Susceptibility Testing Interpretive Criteria
Establishment of Tigecycline MIC Interpretive Criteria

The Applicant in this submission is proposing the MIC interpretive criteria seen in Table
15. The Applicant is basing these MIC interpretive criteria based on the susceptibility of
preclinical and clinical pathogens to tigecycline, and 2) analysis of microbiological and
clinical response in the microbiologically evaluable (ME) population from complicated
skin and skin structure infection (cSSSI) protocols 300 and 305 and complicated
intraabdominal infection (clAl) protocols 301 and 306 based on tigecycline
susceptibility. This Reviewer will analyze this data and incorporate the
pharmacokinetic/pharmacodynamic parameters of tigecycline, preclinical and clinical
isolates susceptibility to tigecycline, and the clinical trial experience treating infections
due to target pathogens in determining if the MIC interpretive breakpoints proposed by
the Applicant are appropriate.

Table 15
l'able 4.2.1-1: Proposed Interpretive Criteria For Tigecycline
MIC (pug/mlL) Zone (mm)
Grouping S | | R S | 1 | R
B@—]
Streptococcus spp.not | =0.5 - - =19 ]
8. preumoniae
0@ =g ®@
Enterobacteriaceae <2 4 | =8 =19 | 15-18 =14
Anaerobes <4 O NaA NA
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STAPHYLOCOCCI

In Vitro Activity of Tigecycline against Preclinical and Clinical |solates of
Staphylococcus aureus

The analysis of staphylococci provided by the Applicant isbased on S. aureus, asthisis
the only species of staphylococci for which a clinical indication for tigecycline is
requested. The Applicant is requesting a tigecycline susceptible breakpoint of O
an intermediate breakpoint of ®® and aresistant breakpoint of ®® During
the preclinical testing and testing of S. aureus isolates from patients enrolled in clinical
studies no S. aureus with atigecycline MIC of greater than 2ug/mL was detected.
Because the Applicant only has data for S. aureus and is not seeking any other species of
staphylococci the MIC interpretive criteriawill be listed in the package insert as
Staphylococcus aureus.

Table 16 presents the cumulative frequency of tigecycline susceptibility of S. aureus
isolates from preclinical and clinical tests. As can be seen the populations of S. aureus
tested in preclinical studies and clinical studies were similar in their susceptibility to
tigecycline. The data includes both methicillin-susceptible and methicillin-resistant S
aureus. Asseen inthe preclinical susceptibility datafor tigecycline against S. aureusthe
organism’ s susceptibility to methicillin did not dictate the organism’s susceptibility to
tigecycline. The overall percentage of isolates with atigecycline MIC greater than 1
po/mL is0.4%. Figures 3 —5 show the tigecycline MICs for preclinical and clinical
MSSA and MRSA. Again it can be seen the methicillin susceptibility of S. aureusis
independent of the tigecycline MIC with both MSSA and MRSA being inhibited by <2
pg/mL of tigecycline.

Table 16
l'able 4.2.1.1-1: Cumulative frequency of Tigecycline Susceptibility of 8. aureus Isolates
From Preclinical and Clinical Tests.
Cumulative % of susceptible isolates MIC (pg/mL)
at MIC [N] 0.03 | 0.06 | 012 | 0.25 | 05 1 2
Preclinical [325] 0.9 0.8 | 769 975 a9 4 997 | 100.0
Clinical [1015] 1.0 | 737 08.5 Qo7 | 1000
l'otal [1340) 0.2 3.4 74.5 083 99 6 Qo9 | 1000
Figure 3
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Figure 4.3.3-4: Preclinical and Clinical Frequency Distribution of Tigecveline Mini mal
Inhibitory Concentrations (pg/ml) Against Staphylococcns anrens Group (MSSA+MERSA)
(N=3251015)
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Figure 4.2.3-5: Preclinical and Clinical Frequeney Distribution of Tigecveline Mini mal
Inhibitory Concentrations (pp/ml) Apainst Saphplococcus aurens (MS5A) (N= 160,751)
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Figure 4.3.3-6: Preclinical and Clinical Frequency Distribution of Tigecveline Mini mal
Inhibitory Concentrations (pp/ml) Apainst Staplplococens anrens (MRSA) (N= 165,264)
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Table 17 presents the microbiologic response fro the microbiologically evaluable (ME)
population from cSSSI studies for patients with S. aureus (includes methicillin-
susceptible and —resistant isolates). As can be seen there was 87% eradication rate for all
S aureusisolates. For isolates with atigecycline MIC of <0.5 pg/mL there was an 87%
(143/165) eradication rate. Tables 18 and 19 show the microbiological eradication rates
individually for methicillin-susceptible and — resistant S aureus obtained during the
cSSSI clinical trials. Table 18, which shows the eradication rates for methicillin-
susceptible S, aureus (all infections), showsthat for MSSA with atigecycline MIC of
<0.5 pg/mL there was an eradication rate of 89% (118/133). Table 19, which shows the
eradication rates for methicillin-resistant S aureus (all infections), shows that for MRSA
with atigecycline MIC of <0.25 pg/mL there was an eradication rate of 78% (25/32). The
eradication rate for the MSSA with atigecycline MIC of <0.5 pg/mL was somewhat
better than for the MRSA. The overall distribution of eradications is similar across the
MIC range for the combined, monomicrobic and polymicrobic ME populations for both
MSSA and MRSA isolates. The dataindicate that the rate of microbiologic eradication is
uniformly distributed throughput the MIC range of 0.06to 1 pg/mL. Thereisno
evidence of an MIC that correlates with microbiologic persistence.

Table 17
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Table 4.2.1.1-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated ¢SSSI Trials for S. aureus lsolates

Cumulative % of

isolates associated % of 1solates % o0 1solates
Microbiological with associated with  associated with
Tigecycline response microbiological microbiological microbiological
Susceptibility MIC N eradications/N Cumulative % of eradications at  eradication at  persistence at
{(pg/mL) total total isolates each MIC each MIC each MIC
ME-all infections
0.06 22 1.2 1.4 100 0
0.12 110/128° TR3 778 859 14.1
0.25 30/34 98.8 98.6 88.2 11.8
0.5 1/1 99.4 993 100 0
1 /1 100.0 100 100 0
Total 144/166 86.7 13.3
ME-monomicrobic
0.06 0 0 0 0 0
0.12 T4/88 80.7 79.6 84.1 15.9
0.25 18/20 99.1 98.9 90.0 10.0
0.5 1/1 100 100 100 0
Total 93/109 85.3 14.7
ME-polyvmicrobic
0.06 22 3.5 3.9 1000 0
0.12 36/40 737 74.5 100 10.0
0.25 12/14 98.2 98.0 90.0 14.3
0.5 0 98.2 98.0 0 0
1 1/1 100 100 100 0
Total 51/57 89.5 10.5

* The clinical response at 0.12 pg/mL was 113/128. For all other MICs the clinical response was the same as the
microbiological response.

Table 18
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Table 3.2-1: Microbiological Response and MIC Distribution for the ME Population from
the Integrated ¢SSSI Trials for S. anreus Isolates- MSSA

Cumulative % of
1solates associated

%% of 1solates

% of 1solates

Microbiological with assoctated with | associated with
Tigecycline response microbiological |microbiological| microbiological
Susceptibility MIC N eradications/N | Cumulative % of] eradications at | eradication at | persistence at
(1g/ml) total total 1solates each MIC each MIC each MIC
ME-all infections
0.06 1/1 07 0.8 100 0
0.12 91/104* 78.4 773 87.5 12.5
0.25 25/27 98.5 983 92.6 74
0.3 1/1 99.2 99.2 100 0
1 1/1 100.0 100 100 0
Total 119/134 88 8 11.2
ME-monomicrobic
0.12 60/69 812 78.9 87.0 13.0
0.25 15/13 98.8 98.6 100 0
0.5 1/1 100 100 100 0
Total 76/85 894 10.6
ME-polymicrobie
0.06 1/1 2.0 23 100 0
0.12 31/35 73.5 744 88.6 114
025 10/12 98.0 977 833 16.7
0.3 0 98.0 97.7 0 0
1 1/1 100 100 100 0
Total 43/49 878 12.2

microbiological response.

" The clinical response at 0.12 pg/mL was 94/104. For all other MICs the clinical response was the same as the

Table 19
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Table 3.2-2: Microbiological Response and MIC Distribution for the ME Population from
the Integrated c¢SSSI Trials for 8. aureus Isolates- MRSA

Cumulative %o of
isolates associated| %6 of 1solates | % of 1solates
Microbiological with associated with | associated with
Tigecycle response microbiological |microbiological| microbiological
Susceptibility MIC N eradications/N | Cumulative % of) eradications at | eradication at | persistence at
(ug/mL) total total 1solates each MIC each MIC each MIC

ME-all infections

0.06 1/1 31 4 100 0

0.12 19/24 78.1 80 79.2 20.8

025 37 100 100 714 28.6

Total 235/32 781 219
ME-monomicrobic

012 14/19 792 823 73.7 26.3

025 3/5 100 100 60.0 40

Total 17/24 70.8 292
ME-polymicrobic

0.06 1/1 125 125 100 0

012 35 750 750 100 0

025 2/2 100 100 100 0

Total 8/8 100 0

S aureus was also recovered from clAl patients. Table 20 provides the data from the ME
population from the integrated cl Al trials (studies 301 and 306) for the MSSA and

MRSA isolates combined. Tables 21 and 22 show clinical results for methicillin-
susceptible and —resistant S. aureus respectively. As can be seen the majority of isolates
were from the clAl patients were MSSA (Table 21). There wereonly 5 MRSA isolates
from cl Al patients (Table 22). The overal bacteriological eradication rate for MSSA and
MRSA with atigecycline MIC of <0.5 pg/mL was 91% (29/32).

Table 20
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Table 4.2.1.1-3: Microbiological Response and MIC Distribution for the ME Population
from the Integrated clAl Trials for S. aureus Isolates

Cumulative % of
isolates associated % of 1solates % of 1solates

Microbiological with associated with associated with
Tigecycline response microbiological microbiological microbiological
Susceptibility MIC N eradications/N Cumulative % of eradications at  eradication at  persistence at
(pg/ml) total® total 1solates each MIC each MIC each MIC
ME-all infections
0.12 1717 53.1 58.6 100 ]
0.25 11/14 96.9 96.6 78.6 214
0.5 1/1 100 100 100 0
Total 29/32 91.0 13.3
* For all MICs the clinical response identical to the microbiological response.

Table21

Table 4.2-1: Microbiological Response and MIC Distribution for the ME Population from
the Integrated cIAT Trials for S. aurens Isolates- MSSA

Cumulative % of
1solates associated| % of 1solates | % of isolates
Microbiological with associated with| associated with
Tigecvyeline response microbiological |microbiological| microbiological
Susceptibility MIC N eradications'N | Cunmilative % of) eradications at | eradication at | persistence at
{lug/ml) total total 1solates each MIC each MIC each MIC

ME-all infections

0.12 16/16 593 64.0 100 0

025 8/10 96.3 96.0 80 20

0.5 1/1 100 100 100 0

Total 25/27 926 74
ME-monomicrobic

0.12 3/3 50.0 50.0 100 0

023 3/3 100 100 100 0

Total 6/6 100 0
ME-polymicrobic

0.12 13/13 619 68 4 100 0

025 5/7 952 947 714 28.6

0.5 1/1 100 100 100 0
Total 19/21 90.5 9.5
Table 22
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Table 4.2-2: Microbiological Response and MIC Distribution for the ME Population from
the Integrated cIAI Trials for 5. aureus Isolates- MRSA

Cumulative % of
1solates associated| % ofisolates | %0 of 1solates
Microbiological with associated with| associated with
Tigecycline response microbiological |[microbiclogical| microbiological
Susceptibility MIC N eradications/N | Cumulative % off eradications at | eradication at | persistence at
{(Ug/ml) total total 1solates each MIC each MIC each MIC
ME-all infections®
0.12 1/1 200 25.0 100 0
0.25 3/4 100 100 75.0 250
Total 4/5 80.0 20.0
" all of the MRSA in cIAI were isolated from polymicrobic infections

CONCLUSION — STAPHYLOCOCUS AUREUS

Based on the fact that the Applicant provided clinical datafor only S aureus and that is
the organism that they have indicated they want the indication for the tigecycline
interpretive criteriawill be only for S. aureus and not Staphylococcus spp.

Based on the clinical data for both the cSSSI and cl Al studies there were only one
experience in treating a patient in the cSSS| study that had a S. aureus with atigecycline
MIC of 1 pg/mL. It can not be recommended based on this data that the tigecycline MIC
interpretive breakpoint for S aureusis ®®@ |n addition, there was no data presented
by the Applicant where the tigecycline MIC for S. aureus was ®®@ therefore an
intermediate and resistant MIC interpretive breakpoint can not be chosen. There were,
however, a number of cases of patients in the clinical studieswho had S aureus isolates
with atigecycline MIC of <0.5 pg/mL (143 patients in the cSSSI and 32 patients in the
clAl studies). The bacteriological eradication rate for the S aureus in the cSSSI studies
with atigecycline MIC of <0.5 pg/mL was 87% (143/165) and for the cl Al study the
bacteriological eradication rate was 91% (29/32). Also, because in vitro susceptibility test
data indicate that there is no major difference in the tigecycline MIC for either
methicillin- susceptible or resistant S. aureus and the clinical data support that
methicillin-resistant S. aureus infections respond to tigecycline it is recommended that
the indication be for S, aureus (including methicillin-resistant isolates). The
recommended tigecycline MIC interpretive breakpoint for S. aureus (including
methicillin-resistant isolates) is <0.5 pg/mL = susceptible.

In the microbiology data for cSSSI the Applicant did not provide information on
community-acquired S. aureus infections.

STREPTOCOCCCI

In Vitro Activity of Tigecycline against Preclinical and Clinical |solates for
Streptococcus spp. other than Streptococcus pneumoniae
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The Applicant in this submission is requesting that Streptococcus pyogenes,
Streptococcus agalactiae, and Streptococcus anginosus group (Streptococcus anginosus,
Streptococcus intermedius and S. constellatus) be included in the cSSSI indication. They
are suggesting that the tigecycline MIC breakpoint for Streptococcus spp. other than S,
pneumoniae be set a ®@/mL = susceptible. Because of alack of clinical datafor
Streptococcus spp. with atigecycline MIC >1 ug/mL they are not requesting an
intermediate or resistant breakpoint, which is appropriate.

Table 23 shows the cumulative frequency of tigecycline for Streptococcus spp. other than
S pneumoniae for preclinical and clinical isolates. As can be seen the tigecycline MICs
were somewhat lower for the preclinical isolates. This can be seen also in Figures 6 and
1.

Table 23

l'able 4.2.1.2-1: Cumulative frequency of Tigecycline Susceptibility of Strepiococcus spp.
other than §. prewmoniae isolates from Preclinical and Clinical Tests.

Cumulative % of MIC { pe/ml)

susceptible isolates at 0004 | 00008 <0015, <0003, 0.0 0,12 0,25 0.5 |
MIC [N] 0015 0,03

Preclinical [291] * 340 T6.6 1000

Clinical [537] 0.2 0.6 1.5 5.4 T8.6 953 94,1 049 8% 100.0
Total [R28] 0.1 0.4 12.9 30.4 86.1 97.0 Go4 | G99 100.0

*Preclinical data for 8§ pyogenes and 8. agalactiae only

Figures 6 and 7 show the tigecycline MIC distributions for isolates of S pyogenes and S
agalactiae from the preclinical and clinical data. The data for S. pyogenesand S
agalactiae are from the cSSSI and clAl modified intent to treat populations. As can be
seen the highest tigecycline MIC was 0.25 pg/mL for both S, pyogenes (2 clinical
isolates) and S. agalactiae (8 clinical isolates) from the clinical studies.

Figure 6
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Figure 4.2.1.2-2: Pre-Clinical and Clinical Frequency Distribution of Tigecycline Minima
Inhibitory Concentrations (pg/ml) Against Streptococcus pyogenes (N= 176.116)

100 92 ] PrE-Clil'liEE' 1
00 OClinical

Number of Isolates
&

&
SNSSNNN

<=00150.015 <=0.03, 0.03 008 012 025
Minimal Inhibitory Concentrationug/ml)
Figure 7

Figure 4.2.1.2-1: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (pug/ml) Against Streptococcus agalactiae (N= 115,56)

57 .
BPre-Clinical

OClinical I

B 8§ & § §

Number of Isclates

3

==0.015,0015 ==0.03, 0.03 0.08 012 025
Minimal Inhibitory Goncentrationsg/mi)

Table 24 shows the distribution of individual Streptococcus species associated with
microbiologic eradication as defined by the ME population for integrated cSSSI (studies
300 and 305). As can be seen there was limited experience from the clinical trialsin
treating skin infections due to S agalactiae or dueto S anginosus, S. constellatusor S
intermedius. There was substantial experience with treating skin infectionsdueto S.
pyogenes. The Applicant is requesting that the organisms S. anginosus, S. constellatus
and S. intermedius be included under the cSSSI indication as Streptococcus anginosus
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group. cSSSI clinical studies showed that there was a 94% (30/32) bacteriological
eradication when the tigecycline MIC for S pyogenes was <0.25 pg/mL. For S
agalactiae the bacteriological cure rate when the tigecycline MIC was <0.25 pg/mL was
88% (7/8). Therefore it is felt that it would be appropriate to include in the package insert
aMIC interpretive breakpoint for S. pyogenes and S. agalactiae of <0.25 pg/mL =
susceptible. For S, anginosus grp. with atigecycline MIC of <0.25 pg/mL there was a
85% (17/20) bacteriological eradication rate.

Table 24

Table 4.2.1.2-2: Distribution of Individual Streptococcus Species Associated with
Microbiological Eradication as Defined by the ME Population for Integrated ¢S551
Tigecveline Susceptibility
MIC (pe /mL)

& pyogenes 8 agalactice S angimosus 8 constellatus 8 infermeding

0,008 11
0.015
0.03 11
0.06 22/23 33 i 12"
0.12 TEE 212 77
0.25 1/1 23° 11
0.5
Total 3032 T8 15/17 12 11

* The clinical response for 8 constellatus at 0.06 pg/mL was 0/2,
" The clinical response for 8 pyogenes ar 0,12 pp/ml was 88,
© The clinical response for 8 agalactice at 0.25 pg/mL was 373,

The Applicant is proposing that the Streptococcus anginosus group (S. anginosus, S
constellatus, and S. intermedius) be included as a pathogen for the cl Al indication.
Clinically this group of organisms has been characterized by a propensity for invasive
pyogenic infections, which readily differentiate them from the other viridans streptococci
(17,18). Microbiologically, members of this group are recognized by their
microaerophilic or anaerobic growth requirements, and their formation of minute
colonies (19). The bacteriological eradication rate and MIC distribution for the ME
population from the clAl trials for S. anginosus group are shown in Table 25. Inthe ME
population of 118 isolates belonging to the S. anginosus group only 12 isolates are
representative of the monomicrobic population (10/10 at 0.06 pg/mL and 1/2 at 0.12
pg/mL). When the tigecycline MIC for the S. anginosus group was <0.25 pg/mL the
bacteriological eradication rate was 86% (102/118).

Table 25
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Table 4.2.1.2-4: Microbiological Response and MIC Distribution for the ME population
from the cIAl Trials for Streptococcus anginosus group.

Cumulative # of
isolates associated 9% of isolates % of isolates

with associated with  associated with
Tigecycline Microbiological microbiological  microbiological microbiological
Susceptibility MIC response Cumulative % eradications at  eradicationat  persistence at
{pmi) N eradications'™ wotal of wotal isolates each MIC each MIC each MIC
ME-all infections
0.008 1/ 0.8 1.0 100 ]
0.0135 22 2.3 19 100 ]
0.03 4/4" 59 6.9 100 ]
0.06 7991° §3.1 84.3 86.8 13.2
0.12 15/18 983 99.0 B33 16.7
0.25 112 104 104 30 50
Total 102/118 86.4 13.6

* The clinical response at 0.03 pg/ml was 3/4,
™ The clinical response at 0.06 pg/mL was T8/91. For all other MICs the clinical response was identical the
microbiological response.

CONCLUSION — STREPTOCOCCI

Based on the information provided by the Applicant from in vitro preclinical
susceptibility testing of tigecycline against streptococci and clinical data from the cSSS
and cl Al studies the following recommendations are made. There will be atigecycline
MIC interpretive breakpoint for S pyogenes, S agalactiae, and Streptococcus anginosus
group (S anginosus, S congtellatus, S. intermedius). That MIC interpretive breakpoint
will be <0.25 pg/mL = susceptible. Because there was no clinical experience in treating
cSSSI caused by either S. pyogenes, S. agalactiae or S. anginosus grp. with tigecycline
MICs>0.25 pg/mL no intermediate or resistant MIC breakpoint can be established based
on the data.

ENTEROCOCCI

In Vitro Activity of Tigecycline against Preclinical and Clinical Isolates for Enterococcus
SPp-

The Applicant in this submission has only presented an analysis for enterococci based on
vancomycin-susceptible strains of Enterococcus faecalis since this is the only species of
Enterococcus for which they are seeking a clinical indication for tigecycline for both the
cSSSI and clAl indications. The Applicant is proposing atigecycline MIC breakpoint for
E. faecalis of ®® = susceptible, ®® = indeterminate, and B =
resistant.

Table 26 provides the overall susceptibility of E. faecalis to tigecycline. The distribution
of tigecycline MIC for vancomycin-susceptible isolates of E. faecalis from the modified
microbial intent to treat population including isolates from both treatment groups of the
integrated cSSSI and clAl are shown in Table 26.
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Table 26
Table 4.2.1.3-1: Cumulative frequency of Tigecycline Susceptibility of E. faecalis lsolates
From Preclinical and Clinical Tests.
Cumulative % of susceptible MIC (pg/mL;)
isolates at MIC [N 0.03 0.06 012 0.25 0.5 1 2
Preclinical |]59| 0.8 71.7 04 3 L 000
Clinical [249] 100 755| 9.2 99.6| 996 | 100.0
Total [408] 81 341 828 995| 998 | 998 | 100.0

Table 27 presents the microbiological eradications for the ME population from the cl Al
studies for patients with E. faecalis (the Applicant has indicated that these are all
vancomycin-susceptible). clAl clinical studies showed that for vancomycin-susceptible
E. faecalis atigecycline MIC of 0.12 pg/mL correlated with a 77% (13/17)
bacteriological eradication rate. As can be seen atigecycline MIC of 0.25 pg/mL
correlated with 85% (11/13) bacteriological eradication rate. The bacteriological
eradication rate for vancomycin-susceptible E. faecalis with a tigecycline MIC of <0.25
pg/mL was 81% (26/32) in the cl Al population. The majority of the clAl study
population was composed of polymicrobic infections there was only 1 monomicrobic
infection (1 organism eradicated at 0.06 pg/mL).

Table 27

Table 4.2.1.3-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated cIAl Trials for E. faecalis Isolates

Cumulative %o of

isolates %o of isolates %o of isolates
Microbiological associated with  associated with  associated with
I ESPONEE microbiological microbiological microbiological
Tigecyeling Susceptibility N eradications™ Cumulative % of eradications st eradication at  persistence at
MIC ( pu/ml) total total isolates each MIC each MIC each MIC
ME-all infections
0.06 22 6.3 A 100 0
0.12 13/17 9.4 57.7 76.5 23.5
0.25 11/13" 100 100 Hd.6 15.4
Total 26032 nl.3 18.4

* The clinical response at 0.25 pg/ml was 10013, For all other MICs the clinical response was identical to the
microbiological response,

Table 28 presents the microbiological eradications from the ME populations for the
cSSS| sudies for patients with E. faecalis. The data in Table 28 is for all infections, and
polymicrobic infections. There were only two patients with monomicrobic infections
(one eradication each at 0.12 pg/mL and 0.25 pg/mL). cSSSI clinical studies showed that
for vancomycin-susceptible E. faecalis atigecycline MIC of <0.25 pg/mL correlated with
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an 88% (14/16) bacteriological eradication rate. It can be seen that the cSSSI results as
related to the tigecycline MICs are similar to the tigecycline MICs for the E. faecalis seen
inthe clAl studies.

Table 28

Table 4.2.1.3-3: Microbiological Response and MIC Distribution for the ME Population
from the Integrated ¢SS51 Trials for E. faecalis Isolates

Cumulative % of % of isolates %o of isolates
Microbiological iznlates associated with  associated with

[ EsponsEe associated with  microbiological microbiological
Tigeeycline Susceptibility N eradications/™ Cumulative % of microbiological eradication at each persistence at
MIC { pg/mL) total total isolates eradications MIC each MIC

ME-all infections

0.12 10/12° 735 714 B33 16.7

0.25 44" 100 100 100

Taotal 1416 B7.5 12.5
ME-polvmicrobic

0.12 911 TH.6 75 #1.8 18.2

0.25 33 100 100 1040 1]

Total 12/14 #3.7 14.3

* The clinical response at 0.12 pg/mL was 912,
" The clinical response at 0.25 pg/ml was 3/4. For all other MICs the clinical response was identical to the
microbiological response.

CONCLUSION — ENTEROCOCCUS FAECALIS

Because E. faecalis can be a cause of cSSS| and clAl and studies have shown it to be
susceptible to tigecycline and that tigecycline showed a good eradication rate during
clinical trials it is appropriate to include this organism in both indications. The MIC
interpretive criteria that would be appropriate for Enterococcus faecalis (vancomycin-
susceptible isolates only) is <0.25 pg/mL = susceptible. Because there was no clinical
experience in with vancomycin-susceptible E. faecalis with tigecycline MICs >0.25
pg/mL there will be no intermediate or resistant MIC interpretive criteria. Since clinical
datawas only provided for E. faecalisthe header for the in vitro susceptibility
interpretive criteriais more appropriately Enterococcus faecalis (vancomycin susceptible
isolates only) rather than ®® as proposed by the Applicant.

ENTEROBACTERIACEAE

In Vitro Activity of Tigecycline against Preclinical and Clinical |solates for
Enterobacteriaceae

The Applicant is proposing that for the clAl indication that C. freundii, E. cloacae, E.

coli, K. oxytoca, and K. pneumoniae be included as the target pathogens. They are also
proposing that E. coli aone be included as atarget pathogen in the cSSSI indication.
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The analysis presented by the Applicant for Enterobacteriaceae in this submission is
based on five members of the Enterobacteriaceae family. These are E. coli, K.
pneumoniae, K oxytoca, E. cloacae, and C. freundii. The Applicant is proposing aMIC
breakpoint of <2 pg/mL = susceptible, 4 pg/mL = intermediate, and >8 pg/mL =
resistant.

Table 29 presents the overall susceptibility of Enterobacteriaceae to tigecycline. The
data include C. freundii, E. cloacae, K. oxytoca, K. pneumoniae and E. coli. As can be
seen 99.3% of these organisms are susceptible to < 2 pg/mL of tigecycline.

Table 29

l'able 4.2.1.4-1: Tigecycline Susceptibility of Enterobacieriaceae 1solates From Preclinical

and Clinical Datasets.

Cumulative % of MIC (pgimlL)

susceptible isolates at MIC Moo= 00T 073 1025 | 0.5 1 3 1 3
Preclinical [848] 0.7 | 42 209 | 60.1 [92.7] 98.1 | 994 | 99.6 | 100.0
Clinical [1829] 05 | 106 | 58.4 [87.4| 97.8 | 992 | 99.7 | 100.0
Fotal [2677] 0.2 | 1.7 | 138 | 589 |89.1| 97.9 | 993 | 99.7 | 100.0

Figure 8 shows a histogram of the frequency of distribution of MICs for all
Enterobacteriaceae (preclinical and clinical including organisms others than E. coli, K.
pneumoniae, K. oxytoca, E. cloacae, and C. freundii). Figures 9 shows the frequency of
distribution of MI1Cs overlaid with the preclinical MIC distribution for the combination of
the individual species E. coli, K. pneumoniae, K. oxytoca, E. cloacae, and C. freundii.
Figures 10 — 14 are histograms of the frequency distribution MICs for C. freundii, E.
cloacae, E. coli, K. oxytoca, and K. pneumoniae,

Figure 8
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Figure 4.33-14: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (pg/ml) Against All Enterobacteriaceae (N= 2597,2136)

B Pra-Clinical| |
8001 B Clinical

Mumber of Isclates

|:|_
003 006 012 025 05 1 2 4 8 16 32 &4
Minimal Inhibitory Concentration (wg/ml)

Figure 9

Figure 4.3.3-15: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (pg/ml) Against Enterobacteriaceae (C. freundii Complex, E.
cleacae, E. coli, K. oxyioca, K. preumoniae) Organisms for Clinical Indications (N=
B48,1829)
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Figure 10
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Figure 4.3.3-16: Preclinical and Clinical Frequency Distribution of Minimal Inhibitory
Concentrations (pg/ml) Against Citrobacter freundii Complex (N=160,47)

W Fre-Clirieal
= Ocinical

Number of lsolates

Minimal Inhibitory Concentration (kgfml)

Figure 11

Figure 4.3.3-17: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (ug/ml) Against Enterobacter cloacae (N=160,115)
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Figure 4.3.3-18: Preclinical and Clinical Frequency Distribution of Minimal Inhibitory
Concentrations (pg/ml) Against Escherichia coli (N= 208,1311)
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Figure 4.3.3-19: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (pg/'ml) Against Klebsiella oxytoca (N= 140.87)
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Figure 14
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Figure 4.3.3-20: Preclinical and Clinical Frequency Distribution of Tigecycline Minimal
Inhibitory Concentrations (pg/ml) Against Klebsiella preumoniae (N=180,269)

180 149 WPr=-Clinical
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Table 30 shows the microbiological eradications from the ME population from clAl
studies for the Enterobacteriaceae grouping. The datais presented for all the infections,
monomicrobic and polymicrobic ME populations. The data show that when the
tigecycline MIC for an Enterobacteriaceae isolates was <2 pg/mL the bacteriological
eradication rate was 86% (370/428). When the tigecycline MIC for an
Enterobacteriaceae isolate was <1 pg/mL the bacteriological eradication rate was also
86% (361/421). A similar distribution of susceptibility to tigecycline is observed in the
mono and polymicrobic populations.

Table 30
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Table 4.2.1.4-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated cIAl Trials for Enterobacteriaceae 1solates

Cumn lative®s of
isolates associated 96 of isolates % of isolates

Microbiological with associated with  associated with
Tigecycline response microbiological microbiclogical microbiological
Susceptibility MIC N eradications/™ Cumulative % of  eradications at eradication at  persistence at
(pg/mL}) total total isolates each MIC each MIC each MIC
ME-all infactions
0.06 23 0.7 0.5 66,7 333
0.12 31370 9.3 8.9 838 16.2
0.25 199/228" 62.5 62.5 L] 12.7
0.5 103/118 90.0 903 L] 12.7
1 28/35 981 978 B0.0 2000
2 7 998 9497 1040 ]
4 111 100 100 100 ]
Tuotal 371429 100 86.5 13.5
ME-monomicrobic
0.06 0 0 0 0 0
0.12 13/14 12.0 12.0 929 7.1
0.25 6670 718 731 943 57
0.5 2325 932 944 92.0 8.0
1 46 98.3 981 66.7 333
2 212 104} 100 100} 7.7
Taotal 108/117 G923

Table 4.2.1.4-2: Microbiological Response and MIC Distribution for the ME Population
from the Integrated clAl Trials for Enferobacteriaceae Isolates

Cumulative™ of

isolates associated % of solates %o of isolates
Microbiological with associated with  associated with
Tigecyeline responseiN microbiological  microbiological microbiological
S USL‘E‘l.'I[il'Iil m MIC cradications'™  Cumulative %  eradications at  eradication at persistence at
(pg/ml) total of total isolates cach MIC cach MIC cach MIC
ME-polymicrobic
0.06 23 1.0 0.8 6.7 333
0.12 1823 B3 1.6 T8.3 21.7
0.25 133/158 59.0 58.2 Bd.2 15.8
0.5 B0/93 LR 286 26.0 14.0
1 247249 G8.1 917 B2 17.2
2 5/5 a7 09,6 1040 0
4 141 1040 1040 1040 0
Total 263/312 Bd.3

Clinical response is given for each pathogen in Table £2.1.4-3.

Table 31 presents the microbiological results for the ME population for each genus of
Enterobacteriaceae from the cl Al trials. As seen in the table there was experience during
the clinical trials with 10 or more of the various genera. The overall bacteriological
eradication rate for these specific Enterobacteriaceae when the tigecycline MIC was <2
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pHg/mL was 86% (370/428). Bacteriological eradication rates for the specific
Enterobacteriaceae when the tigecycline MIC was < 1 pg/mL ranged from 71% to
100%. There was very little clinical experience with individual Enterobacteriaceae that
had a tigecycline MIC of >2 pg/mL.

Table 31

Table 4.2.1.4-3: Distribution of Individual Enterobaciteriaceae Associated with
Microbiological Eradication as Defined by the ME Population for Integrated clAl

TLQEC}'Cl.l.ﬂ':‘J '}Llﬂllﬁﬁp[!.hllll'}' il E clogeae K oxyioca E. coli K .
MIC (pug /mL) preumoniae
0.06 213
0.12 3nar
0.25 373 7 188/217 11
0.5 37 945 12/13 34/63 2316
1 2/4 5 5/3 16/19
2 2/2 55
4 1/1
Total 12/16 14/16 19720 280/ 325 46/52

* The clinical response for E. coli at 0.12 pg/mL was 30/37.
" The clinical response for £ colf ar0.25 pg/mL was 187217,

The Applicant also provides datato support their request to include E. coli as atarget
pathogen in the cSSSI indication. Table 32 shows the overall susceptibility of E. coli to
tigecycline. Here it can be seen that 97.3% of the total isolates (preclinical and clinical)
are inhibited at atigecycline MIC of <0.5 pg/mL and basically 100% are inhibited by an
MIC of >1 pg/mL.

Table 32
Table 4.2.1.4-4: Tigecycline Susceptibility of E. coli 1solates From Preclinical and Clinical
Tests.

Cumulative % of susceptible MIC (pg/mL)

inalates at MIC 006 | 012 | 025 | 05 1 2
Preclinical [208] 13.0| 625| 875] 99.0| 100.0] 100.0
Clinical [1311] 0.7 147 779| 970| 99.8| 100.0
Total [1519] 2.4 21.3 79.2 97.3 99,8 100.0

Table 33 shows the microbiological eradications for the ME population from cSSS|
studies for patients with E. coli. As can be seen atigecycline MIC of <1 pg/mL was
associated with bacteriological eradication rate of 83% (24/29).

Table 33
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Table 4.2.1.4-5: Microbiological Response and MIC Distribution for the ME
Population from the Integrated ¢SS51 Trials for E coli lsolates

Microbicl Cumulative %o of
opical isolates %o of isolates % of isolates
FESPONSE mssociated with  asseciated with associated with
Tigecyeline N microbiological microbiological — microbiological
Susceptibility  eradicatio Cumulative % of eradicationsat  eradication at  persistence at each
MIC (pe/mL) na'N total  total isolates each MIC each MIC MIC
ME-all
0.12 56 20.7 B5.9 BH.3 16.7
0.25 14/16" 7509 H4.2 B7.5 12.5
0.5 4/6 6.6 66.7 66.7 333
1 111 100 100 1040 0
Taotal 2429 H2.8 17.2
ME-
NG i ok
0.12 34 40 37.5 75 25
0.25 22 60 62.5 1040 0
0.5 23 90 B7.5 66.7 33.3
1.0 111 1040 1040 10 0
Total B/10 500 20
ME-
palymicrobic
0.12 22 10.5 12.5 10 0
025 12/14 B4.2 B7.5 83.7 14.3
0.5 23 1040 1040 66.7 333
Total 16/19 H4.2 15.8

* The clinical response at 0.25 pe/ml was 15/16. For all other MICs the clinical response was
identical to the microbiological response.

Tigecycline Activity against Proteus sp., Providencia sp., and Morganella spp.

The Applicant has indicated in this submission that certain Enterobacteriaceae namely
Proteus sp., Providencia sp., and Morganella sp. have decreased susceptibility to
tigecycline (section 2.7.4.2 subsection 1.4.2.2). Figure 15 shows the shift of the
tigecycline MIC for P. mirabilisto less susceptible than MICs for C. freundii, E. cloacae,
K. oxytoca, K. pneumoniae, and E. coli (see Figures 8-14). Figure 16 shows the
tigecycline shift to less susceptible for Morganella morganii than for C. freundii, E.
cloacae, K. oxytoca, K. pneumoniae, and E. coli. Because of the decreased susceptibility
of these organisms to tigecycline the Applicant is not asking to have any of them
included in the package insert for tigecycline.

Figure 15
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Figure 4.3.1-28: MIC vs, Microbiological response for ¢SSS1-ME population; Mono and
Polvmicrobic Infections compared with Preclinical Populstion Distribution form Proteus
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Figure 16

Figure 4.3.1-27: MIC vs, Microbiological response for ¢5551-ME population; Mono and
Polymicrobic Infedions compared with Preclinical Population Distribution for Morganefia
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Development of Resistance to Tigecycline during Clinical Studies

During the clinical trials (Phase 2 and 3) there were incidences of the development of
decreased susceptibility (MIC >4 pg/mL) to tigecycline while the patient was receiving
tigecycline (see Table 34). In total there were six organisms from five patients that had
decreased susceptibility. All of the isolates were documented to be identical to the
baseline isolate by ribotyping. There were two patients with K. pneumoniae, and one
patient each that had E. aerogenes, Acinetobacter cal coaceticus/baumanni, and M.
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morganii. Inaddition, there was one patient that had an E. coli isolate for which the
tigecycline MIC increased from 0.5 to 2 pg/mL (not shown in Table 32).

Table 34

Table 1.4.2.4-3: Clinical isolates that Developed decreased susceptibility While on therapy with tigeeveline ™ ' 1334
OO
Wyelh ey M Clin.
Acoession Chrganism Accesin Protocol Patient)Date of [sol (pepiml ) Kilsol ype Resp. Treatment® Commen s

587 Enerobacier aerogenes PEO5062 3-Apr-01] 025 XV Developed (m

66 L0583 A2 % 2T-Ape-01 4 Wi Elure TGC  phenagy

4913 Klehsgella preumoniae N5949317 16-Mar-{14 a5 CDLXXXVI

6914 Klehsgella preumoniae N5949343 16=-Mar-(14 a5 CDLXXXVI

TE Klehsgella preumoniae N5949359 16-Mar-(14 a5 CDLXXXVI

T Klehsgella preumoniae N5949322 16-Mar-(14 a5 CDLXXXVI

39 Klehsgella preumoniae MNa51337 16-Mar-(14 1 COLXXXEVI

1E3W Klehsgella preumoniae Na51319 16-Mar-(14 a5 CDLXXXVI

7155 Klehsgella preumoniae Na4i0a3 21 -Mar-04 1 COLXXXEVI

1187 Klehsgella preumoniae Ma40050 21 -Mar-04 2 CDLXXXVI

1397 Klehsgella preumoniae N&51252 21 -Mar-04 1 COLXXXEVI

7338 Klehsgella preumoniae Naa? 24 -Mar-014 1 COLXXXEVI Developed an

188 Klehsgella preumoniae Nad43219 3 2074 28-Mar-i 4 CDLXXXNVI fsilure TGE  therapy

Tl Klehgiella prewmomioe: K. 5T5255 11 =Ml =il 5 DOLVI Deve loped im

ThHiE K lebg gella preumoniae K227255 7 127 12-May-id 4 DLV clre blmded  theramy

T457 Klebgella pneumonioe C444360 27 =Mar-i14 2 DULXX Al 1solates identical
729 Klebgella pneumonioe C444347 29-Mar-{14 5 DULXX exoepd for one sirain.
7140 Klehsgella preumoniae C554297 29-Mar(ld 05 DOLXIX MIC s of xlentical
7629 Klebgella pneumoniae C444329 31 =Mar-ii4 2 DULXK 1a0kates testted a5 2 i
a3l Klehsgella preumoniae 565162 3-Apr-04 - DCLXX 8 pe/ml am

761 Klehsiella prewmomioe 565115 S04 2181 19-Aps-04 2 DULXX Cure TG alternating days
A490H A o el A heemanntl comp. [219585 14-Dhec-ll3 2 COXLY

5141 A o el S Beemannty comp. LA12314 19-Dhec-l3 2 COXLY

5140 A o el S heemannty comp. LA12574 21 =Dhec-l3 5 COXLY Developed (m

51349 A, oabeogeel.haemannil comp. LA1Z585 il 526 Sl-Dec-l3 16 COXLY e TGE  theragy

In addition there were patients who acquired organisms with a decreased susceptibility to
tigecycline while on tigecycline (Table 35). There were eight patients with K.
pneumoniae, two with E. cloacae, and one with S. marcescens. As can be seen 2 of the 11
patients were successfully treated.

Table 35
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Table 1.4.24-2: Clinical isolates thai had decreased susceptibility that were acquired on therapy, ' 53
Wyeth (0) (4) TG MIC Clin.
Acoession Crrganism Acossin Protoos] Patient Date ol lsol.  (epiml)  Hibotype  Hesp Treatment” Camments
nd suscapihle 1s0lae
1593 Enterobacier s bacae Y7573 i 1% 16-Apr-l3 £ NI ] TGE tssaling
0 ausces pidhle deolste
] Enterobacker e baca La(a744 07 201 19-Mayl4 4 ND fsalure tssseling
0 susceiihle 1s0late &
188 Semrald MO oEns E512640 Sl H13 A-Dec-3 B MDD cure 1M1 Imseling
nd suscapihle 1s0lae
240 Kiebgella prewownios PATIEE2 200 49 Bkt -0 16 MO ] TGL  huseline
0 s pable 1aolate st
2333 Kiehstella preamonie EASIET Aiba 1508 la-Mawli3 2 M cure (L1 tmsseling
0 suscapiihle 150l 2t
2532 Klehstella poewmoniae Baa9121 35 2087 2i-Jun-li3 4 ML [ ] TGO Isaseling
3 Kiebgelln prawmenioe LT 18130 24-Sep-3 LS NGA® respatunl atrama chiler e
4408 Klehsielln prewmonize 1987150 F-Seps 4 COXIY rbatype from kaelme.
A Klehsiells prewmonine 715220 7k 4 Coxy Pateint scquired seconsd
siran type which was
44{K Klehstella poewmoniae La1aa7l S5 2649 2-0et-{3 L5 MLiA e TG resritan
0 suscapiihle 150l 2
4453 Kiehaiella pnewmonige L915450 308 273 L3103 4 ju 0] e TGE Imseling
0o Auscapihle isolae st
4447 Kizhsiella pnewmonioe L7 1520 305 1570 e k] 4 M =] TGC Iaseling
0 s pable 1aolate st
1395 Klebsiella poewnoniae L00as L 1213 15-ApriH 4 ND falure TOC haseline
0 suscapiihle 150l 2
57 Klehsiella preamonioe KIT9535 304 576 25-Jam-{4 4 MO olre TGO Imsseling

ML, not done because only one isolate of that genus and species was obtained from the patient
® NGA, no group assigned
* Treatment group. TGO, tigeeyeling; IML, imipensm/cilastating

CONCLUSION — ENTEROBACTERIACEAE (C. FREUNDII, E. CLOACAE, K.
OXYTOCA, E. COLI, and K. PNEUMONIAE

It is appropriate to include C. freundii, E. cloacae, K. pneumoniae, K. oxytoca and E. coli
as target pathogens in the cl Al indication. E. coli is an organism that can be associated
with cSSSI therefore it is felt that this organism should be included as atarget pathogen
inthe cSSSI indication. From the preclinical and clinical in vitro susceptibility test data
for the aforementioned organisms, pharmacokinetic/pharmacodynamic parameters of
tigecycline and bacteriological eradication data/clinical outcome data from clinical trials
the interpretive breakpoints of < 2 ug/ ml = susceptible, 4 pg/ ml = intermediate and ' &)
pg/ ml = resistance would be appropriate for Enterobacteriaceae defined as C. freundii,
E. cloacae, K. pneumoniae, K. oxytoca, and E. coli.

The Applicant is not asking to have any species of Proteus, Morganella or Providencia
included in the package insert for tigecycline because of their decreased susceptibility to
tigecycline. It is recommended that the following statement be included in the package
insert “Tigecycline has reduced in vitro activity in against Proteus species, Morganella
species, and Providencia species’.

ANAEROBES - Clinical Experience

The Applicant is requesting that in the cSSSI indication that only Bacteroides fragilis be
included. However, it isvery rarely a sole etiological agent but rather a part of a
polymicrobic infection. In the case of the indication for clAl the Applicant is requesting
that the organisms B. fragilis, B. thetaiotaomicron, B. uniformis, B. vulgatus, C.
perfringens, and P. micros be included. All of these organisms can be found in the
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intestines and are commonly found in intraabdominal infections as part of a polymicrobic
mixture.

The numbersin Table 36 are too small from the cSSSI clinical studies to make a valid
decision of what concentration of tigecycline is actually effective in treating cSSSI
infections where there is the presence of B. fragilis. The data from the cSSSI studies
showed that there was a 100% (5/5) bacteriological eradication rate and 80% (4/5)
clinical cure rate when the B. fragilis had atigecycline MIC of 0.5 pg/mL. Clinical
experience with tigecycline treating cSSSI infections were the tigecycline MIC was > 0.5
pg/mL was basically nonexistent.

Table 36

clAl clinical studies (Table 37) showed that there was a 68% bacteriological eradication
of B. fragilis and a 100% bacteriological eradication of B. thetaiotaomicron and C.
perfringens when they had atigecycline MIC of 1 pg/mL. When the B. fragilishad a
MIC of 1 pg/mL there was aclinical cure rate of 65%. When the tigecycline MIC was <4
pg/mL the bacteriological eradication rate for the anaerobes in Table 37 was 84%
(158/189). It can be seen in Table 4.2.1.5-3 that when the tigecycline MIC for B. fragilis,
B. uniformis or B. thetaiotaomicron was 16 pug/mL there was 100% bacteriological
eradication there was 50% clinical cure in the case of B. fragilisand no clinical curein
the case of B. uniformis. The bacteriological eradication rate was the lowest for B. fragilis
(77% - 56/73) and P. micros (76% - 13/17).
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Table 37

Table 4.2.1.5-3: Distribution of Individual Anaerobes Associated with Microbiological
Eradication as Defined by the ME Population for Integrated el Al

Tigecveline )
Susceptibility B. fragilis B, mﬁjrf"{mm_ Bowilgats B uwniformis O perfringens P micros
MIC (pg /mL) e
0.06 55 2/3 a6 12/16
0.12 22 58 212 /4 4/5 111
0.25 14/16 &7 3G 34 22
0.5 19/24 10/10 35 4/4 22
1 21/31° % 212
4 2/2 11 11 IV1*
b 22 111
16 2/2° 212 11
Total 69/87 3741 14/16 15/17 18/19 13/17

* The clinical response for B fragilis at 1.0 pg/mL was 20/31,

™ The clinical response for B fragilis ar 16 pg/mL was 172,

“ The clinical response for B. thetaio taomicron at 2.0 pg/mL was 3/4,
“ The clinical response for B wunifrmis at 0.25 pg/mL was 2/4,

® The clinical response for 8. wnfformis at £.0 pg/mL was /1.

£ The clinical response for B, wniformis at 16,0 pg/mL was 0/1.

CONCLUSION — ANAEROBES (B. FRAGILIS B. THETAIOTAOMICRON, B.
VULGATUS B. UNIFORMIS C. PERFRINGENS AND P. MICROS)

The Applicant is requesting that in the cSSSI indication that only Bacteroides fragilis be
included. This is appropriate because this organism can be associated with complicated
skin and skin structure infection. However, it is very rarely a sole etiological agent but
rather a part of a polymicrobic infection. In the case of the indication for clAl the
Applicant is requesting that coverage for anaerobes be based on the clAl datafor B.
fragilis, B. thetaiotaomicron, B. uniformis, B. vulgatus, C. perfringens, and P. micros. All
of these organisms can be found in the intestines along with other anaerobes and these
anaerobes are commonly found in intraabdominal infections as part of a polymicrobic
mixture. Thereforeit is appropriate to include these organisms in the cl Al indication.
Based on MI1Cy, dataand clinical experience it would appear that appropriate tigecycline
breakpoints anaerobes would be appropriate MIC interpretive criteriawould be <4 pg/mL
= susceptible, 8 pg/mL = intermediate and >16 pg/mL = resistant.

IN VITRO SUSCEPTIBILITY TEST INTERPRETIVE CRITERIA
Proposed by Applicant

The Applicant is proposing the following in vitro susceptibility testing interpretive
criteria (Table 38).

Table 38
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Table 4.2.1-1: Proposed Interpretive Criteria For Tigecyceline
MIC (ug/ml) Lone (mm)
Grouping S | | ‘ R S | 1 | R
Q1%
Streptococcus spp. not - - =19 - -]
S. preumoniae

(b) (477

Enterobacteriaceae ) 4 | >8 >19 15-18 <14

Anaerobes <4 8 ' ®@ | WA NA NA

Each grouping of organisms will be discussed individually and the Agency proposed
interpretive criteria stated.

Staphylococcus spp.

The Applicant in their proposed package insert is requesting that S aureus (methicillin-
susceptible and —resistant isolates) be included in the indication for complicated skin and
skin structure (cSSSI) and that S. aureus (methicillin-susceptible be included in the cl Al
indication. Thereforeinthe in vitro susceptibility section of the package insert it is
appropriate for the heading to read “ Staphyl ococcus aureus (including methicillin-
resistant isolates)”.

Table 38 shows the tigecycline in vitro susceptibility test interpretive criteria be requested
by the Applicant.

Figure 17 shows the scattergram when the preclinical in vitro susceptibility data are
combined with the clinical in vitro data. Figure 17 includes both methicillin-susceptible
and —resistant isolates of S. aureus. Figures 18 and 19 show scattergrams constructed
from just methicillin-susceptible S aureus (MSSA) isolates and methicillin-resistant S.
aureus (MRSA) isolates respectively. As can be seen the scattergrams for MSSA and
MRSA are similar. The majority of isolates in Figures 17, 18 and 19 with an MIC of >
0.5 pg/mL are preclinical isolates of S aureus.

The Applicant in the submission has provided scattergrams constructed from the in vitro
susceptibility data for staphylococci isolated from patients enrolled in the cSSSI and cl Al
studies (Figures 20 and 21). Figure 20 shows the scattergram constructed from all the
MSSA isolates (monomicrobic and polymicrobic infections) obtained from patients
enrolled in the cSSSI studies. Figure 21 shows the scattergram constructed from all the
MRSA isolates (monomicrobic and polymicrobic infections) obtained in the cSSSI
studies. Figure 22 shows the scattergram constructed from the all MSSA isolates
(monomicrobic and polymicrobic infections) obtained from patients in the clAl studies.
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A MRSA scattergram is not shown for these isolates obtained from clAl patients because
there were only 2 of these isolates. The scattergrams constructed from the cSSS| and
clAl isolates are similar.

Figure 17

Figure 4.2.2.1.1-4: Error rate-bounded analysis for S. aureus (MSSA and MRSA), fo
isolates from m-ml'TT population of patients from clinical protocols and preclinical d:
excluding laboratory mutants.
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Figure 5.2-1: Error rate-bounded analysis for S. aureus MSSA, for isolates from m-mITT
population of patients from clinical protocols and preclinical data excluding laboratory
mutants.

MIC vs zone piot for preciinical and dinkeal {IAl and sidn) data
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Figure 5.2-2: Error rate-bounded analysis for S. aureus MRSA, for isolates from m-mITT
population of patients from clinical protecols and preclinical data excluding laboratory
mutants.
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Figure 6.2-1: Error rate-bounded analysis for S. aureus MSSA from skin protocols (300
and 305) based on proposed MIC and zone interpretive criteria, Tigecycline
microbiologically evaluable patients with microbiological response = eradication, all
infections

MIC vs zone pict for data from sidn protocols (200 and 305)
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Figure 6.2-4: Error rate-bounded analysis for §. qurens MRSA from skin protocols (300
and 305) based on proposed MIC and zone interpretive criteria, Tigecycline
microbiclogically evaluable patients with microbiological response = eradication, all
infections
MIC v zone plot for data from ekin protocois (300 and 305)
basad on proposad MIC and zona imsrpretve critada
Tigecydine B0 mg microbiclogically avaksble patients with micmobiological response = emdication
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Figure 6.2-7: Error rate-bounded analysis for S. aurens NMSSA from IAT protocols (301 and
300) based on proposed MIC and zone interpretive criteria, Tigecycline microbiologically
evaluable patients with microbiological response = eradication, all infections
MIC vs zone piot for dala from Al protocola (301 and 306)
based on proposed MIC and zone Interpretive critera
Tigecyrine 60 mg micobiclogically evaluable palients  with miaobiclogical response = eadication
8. aursus MSSA : Al Inections
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CONCLUSION — Saphylococcus aureus

Based on the pharmacokinetic/pharmacodynamic parameters of tigecycline, tigecycline
preclinical and clinical susceptibility data, and clinical experience with treating S. aureus
infections (both methicillin-susceptible and methicillin-resistant infections) the M1C and
disc diffusion zone size interpretive criteria proposed by the Agency are seen in Table 39.
The lack of indeterminant and resistant interpretive criteria is because there were very
few S aureus with an MIC greater than 0.5 pg/mL and there was little experience during
clinical trials in treating infections caused by either methicillin-susceptible or —resistant
isolates of S aureusthat had atigecycline MIC > 0.25 pg/mL (see Tables 17 and 18).

The Agency proposed interpretive criteriaresults in avery small very major error (caled
susceptible by disc diffusion testing and called resistant by MIC testing) of 1.8% when all
the isolates from the cSSSI and clAl studies are added (173) and divided into the 3
isolates that would be called susceptible by disc diffusion testing. This very major rate
(0.4%) is well within the <2% value recommended by CLSI (14)

Table 39
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Saphylococcus aureus (including methicillin-resistant isolates)

MIC (ug/mL) Disc diffusion zone size (mm)
Susceptible <0.5 >19

Streptococcus spp. not including S. pneumoniae

As noted in Table 38 the Applicant is proposing interpretive criteria for Sreptococcus
spp. not including S. pneumoniae. They are defining “ Streptococcus spp.” as S.
pyogenes, S. agalactiae, and the Streptococcus anginosus grp. Streptococcus grp.
includes S. anginosus, S congtellatus, and S. intermedius. The Applicant is requesting
that S. pyogenes and S. agalactiae be included in the cSSSI indication and only the S.
anginosus group be included in the cl Al indication. The organisms S. pyogenes and S,
agalactiae are organisms commonly associated with cSSSI infections. The S. anginosus
group of organisms may be associated with cSSSI infections. They usually are isolated as
individual organisms along with other organisms. The S. anginosus group of organismsis
also commonly isolated from intraabdominal infections put they are commonly isolated
with avariety of other bacteria also making their role in this infection process unclear.
During clinical trials there was experience in treating cSSSI infections and clAl
infections due to the presence of the S. anginosus group of organisms (see Tables 24 and
25). The majority of this experience was with S. anginosus group organisms being part of
apolymicrobic infection. During clinical trials there was also very little experience in
treating cSSSI due to S agalactiae (7 cases) while there was considerably more
experience in treating cSSSI infections due to S pyogenes.

Figure 23 shows the scattergram constructed from preclinical and clinical isolates of S,
pyogenes, S. agalactiae, S. anginosus, S constellatus, and S. intermedius. Figure 24
shows the scattergram constructed just from the preclinical and clinical isolates of S,
pyogenes while Figures 25 and 26 show scattergrams constructed just fromthe S.
agalactiae and S. anginosus preclinical and clinical isolates respectively. As can be seen
the S. sanginosus group isolates made up the greatest number of the isolates. The S.
anginosus group isolates also had the organisms (two) with the highest MICs (0.5
pg/mL). The scattergrams for the three different organisms are very similar.

Figure 27 is a scattergram constructed from all the isolates (monomicrobic and
polymicrobic infections) of S. pyogenes obtained from patients in the cSSSI studies while
Figures 28 and 29 are scattergrams constructed from all the isolates of S. agalactiae and
S. anginosus group from patients in the cSSSI studies.

The Applicant is not asking for the inclusion of S. pyogenes or S agalactiae in the clAl
indication. No S agalactiae isolates were obtained from patients in the clAl studies while
only one isolate of S pyogenes was obtained from a patient in the clAl studies. They are
reguesting that S. anginosus group be included in the cl Al indication. Figure30isa
scattergram constructed from isolates obtained from patients in the cl Al studies.
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As can be seen all the scattergrams (Figures 27 — 30) are similar and are similar to the
scattergrams constructed from the preclinical and clinical isolates (Figures 23 — 26).

Figure 23

Figure 4.2.2.1.2-2: Error Rate-Bounded Analysis for combined preclinical and clinical (m-
mlTT population) for Streptoceccus spp. other than . preumoniae, organisms for clinical
indication (S. pyogenes, 8. agalactiae, S. anginosus, S. constellatus, S. intermedius)
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Figure 24
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Figure 7.2-1: Error rate-bounded analysis for Sfreptococcus pyogenes for isolates from m-
mITT population of patients from clinical protocels and preclinical data

MIC vs zone plot for preciinical and clinical (Al and skin) data
basad on proposad MIC and zone infarprative critera
Streptococcus pyogenes : All organisms
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Figure 25

Page 100 of 135



DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)

NDA 21-821

CLINICAL MICROBIOLOGY REVIEW
Date review completed: 15 Jun 05

Figure 7.2-2: Error rate-bounded analysis for Sireptococcus agalactiae for isolates from m-
mITT population of patients from clinical protocols and preclinical data
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Figure 7.2-3: Error rate-bounded analysis for Strepfococcus anginosus group (includes S.
anginosus, S. constellatus and S. intermedius) for isolates from m-mITT population of
patients from clinical protocols and preclinical data
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Figure 27
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Figure 8.2-1: Error rate-bounded analysis for 8. pyogenes from skin protocols (300 and
305) based on proposed MIC and zone interpretive criteria, Tigecycline microbiologically
evaluable patients with microbiological response = eradication, all infections
MIC vs zone plot for data from skin protocols (300 and 305)
based on propoaed MIC and zone interpretive crileria
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Figure 8.2-4: Error rate-bounded analysis for S, agaelactiae from skin protocols (300 and
305) based on proposed MIC and zone interpretive criteria, Tigecvcline microbiologically
evaluable patients with microbiological response = eradication, all infections
MIC v8 zons piot for data from skin protocols (300 and 305)
based on proposed MIC and zone intarprelive crileria
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Figure 8.2-6: Error rate-bounded analysis for Strepfococcus anginosus group (includes .S,
anginosus, 8. constellatus and S, infermedins) from skin protocols (300 and 305) based on
proposed MIC and zone interpretive criteria, Tigecycline microbiologically evaluable
patients with microbiological response = eradication, all infections
MIC v zone plot for data from skin protocols (300 and 305)
based on proposed MIC and zonae Imterpretive cribera
Tigecydine 50 mg microblologicaly evaluable patients with microblologlcal responee = eradication
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Figure 8.2-11: Error rate-bounded analysis for Strepfococcus anginosus group (includes 5.
anginosus, S. constellatus and S. infermedius) from IAI protocols (301 and 306) based on
proposed MIC and zone interpretive criteria, Tigecycline microbiologically evaluable
patients with microbiological response = eradication, all infections
MIC v8 zona pict for data from LAl protocols (301 and 306)
basad on proposad MKC and zons imerprative criteria
Tigecycine 50 mg miaobiclogically evalushle patients with micrablological response = eradicetion
Strepncoccus anginoaus group @ Al infactions
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CONCLUSION — Streptococci

There was clinical experience treating cSSSI infections due to S pyogenesand S.
agalactiae. In the case of clAl infections there was clinical experience caused by the S
anginosus group of organisms during clinical trials with tigecycline. These organisms
can be represented in the interpretive breakpoint table as Sreptococcus spp. other than S,
pneumoniae. The S. anginosus group (S anginosus, S constellatus and S. intermedius)
are members of the viridians streptococcus group. Table 40 shows the Agency’s
proposed interpretive criteria for these organisms.

Table 40

Streptococcus agalactiae, Streptococcus pyogenes and S anginosus group (S anginosus,
S constellatus, S intermedius) —Streptococcus spp. other than S. pneumoniae

MIC (ug/mL) Disc diffusion zone size (mm)
Susceptible <0.25 >19
Enterococcus spp.
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During clinical trials there was very little experience in either the cSSSI or clAl studies
with treating infections in which E. faecalis was the sole pathogen (2 in the cSSSI study
and 1 inthe clAl study). See Table 27 and 28 of thisreview. NOTE: only two of the three
isolates had both MI1C and disk diffusion susceptibility test results. The remaining
experience was when the E. faecalis was part of amixed population of organisms
(polymicrobic infection). All of the E. faecalis isolates were vancomycin susceptible.
Because E. faecalis can be a pathogen associated with cSSSI and cl Al infectionsit is
appropriate to have this organism (vancomycin- susceptible isolates) included under the
cSSSI and clAl indications.

As can be seen in Table 38 the Applicant is proposing that interpretive criteria for

®® beincluded in the tigecycline package insert. For the cSSSI and cl Al
indications they are requesting only Enterococcus faecalis (vancomycin susceptible
isolates only). Therefore the header for the interpretive criteriawill be “Enterococcus
faecalis’ (vancomycin susceptible isolates only).

Figure 31 shows the scattergram constructed from E. faecalis preclinical in vitro
susceptibility data and in vitro susceptibility data of E. faecalis isolates obtained from
patients in the cSSSI and clAl studies. Figure 32 is a scattergram constructed from the
tigecycline in vitro susceptibility data of the E. faecalis (all isolates were vancomycin
susceptible) obtained from patients in the cSSSI with monomicrobic or polymicrobic
infections (all infections). Figure 33 shows a scattergram constructed from the E.
faecalis (all isolates were vancomycin-susceptible) susceptibility data for isolates
obtained from patients in the clAl study. The scattergram is for all infections

[ polymicrobic and monomicrobic (only two data points)]. As can be seen there is
considerably more susceptibility datain Figure 33. Figure 33 was constructed fromin
vitro MIC and disc diffusion susceptibility results for E. faecalisisolated from patientsin
the clAl study.

Figure 31
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Figure 4.2.2.1.3-3 Error rate-bounded analyvsis for Enferococcus faecalis for isolates from
m-mITT population of patients from clinical protocols and preclinical data
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Figure 4.2.2.2.1.3-6: Error rate-bounded analysis for data from skin protocols (300 and
305) based on proposed MIC and zone interpretive criteria, Tigecycline microbiologically
evaluable patients with microbiological response = eradication, Enterococcus spp.:
Organisms for clinical indications (E. faecalis) All infections
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Figure 4.2.2.2.2.3-6: Error rate-bounded analysis for data from LAl protocols (301 and 306)
based on proposed MIC and zone interpretive criteria, Tigecycline microbiologically
evaluable patients with microbiological response = eradication, Enferococcus spp.
Organisms for clinical indications, (E. faecalis), All infections

MG w 2nm pot o dala Fom W prokocols G301 and 300
el on proposed MIC end 2o Nepetve oiterie
Tigecycing 50 mg microbiciogically awluablo patients with microblologicsl reaponas = amclicaion
Enterpoooous: spp. - Crgeniame kr oinkel indioalions
Al Infeclirma

ot sk nurtieie’ o 0SB alety MIC: devd 200l Clsviler

bl
HIHITHHI

Zone Darraier fu)

ne B, rwGll, Gope s =000 |, e s =000
CONCLUSION — Enterococcus faecalis (vancomycin-susceptible)

Based on the datain Figures 31, 32, and 33 a MIC breakpoint of <0.25 pg/mL with adisc
diffusion breakpoint of >19 mm = susceptible seems appropriate for E. faecalis
(vancomycin-susceptible isolates). No intermediate or resistant interpretive categories are
necessary because of the paucity of data with isolates that have a tigecycline MIC of
greater than 0.12 pg/mL.

Enterobacteriaceae

Asseen in Table 38 the Applicant is requesting that for the in vitro susceptibility test
section that the term Enterobacteriaceae be used as a header. The genera and species on
which the Applicant has provided clinical study data are Citrobacter freundii,
Enterobacter cloacae, Escherichia coli, Klebsiella oxytoca, and Klebsiella pneumoniae.
Tigecycline has reduced activity against certain members of the Enterobacteriaceae.
These members are Proteus spp., Providencia spp., and Morganella spp. Therefore, a
footer will be added to the interpretive table to state that tigecycline has reduced activity
in vitro against Morganella spp., Proteus spp., and Providencia spp. For the cSSS|
indication the Applicant is requesting the inclusion only of E. coli.
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Figure 34 shows the scattergram constructed from preclinical in vitro susceptibility data
for C. freundii, E. cloacae, E. coli, K. oxytoca, and K. pneumoniae and in vitro
susceptibility for the same organisms obtained during cSSSI and clAl studies. Figure 35
shows the scattergram for the isolates of C. freundii, E. cloacae, E. cali, K. oxytoca, and
K. pneumoniae associated with all cl Al (polymicrobic and monomicrobic). Figure 36
shows the scattergram constructed from susceptibility test results for C. freundii, E.
cloacae, E. coli, K. oxytoca, and K. pneumoniae associated with all cSSSI (polymicrobic
and monomicrobic). As can be seen from the scattergrams in Figures 34 — 36 the
distribution of susceptibility datais very similar. The in vitro susceptibility test
interpretive criteria for broth dilution and disk diffusion testing that the Applicant is
proposing for Enterobacteriaceae are seen in Table 41.

Table 41. Tigecycline in vitro susceptibility test interpretive criteria for C. freundii, E.
cloacae, E. coli, K. oxytoca, K. pneumoniae

MIC (pg/mL) Zone size (mm)
S I R S I R
<2 4 >8 >19 15-18 <14

S = susceptible, | = intermediate, R = resistant

Figure 34 shows the scattergram constructed from the broth dilution MIC results and disk
diffusion test results from the preclinical and clinical isolates tested.

Figure 34
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Figure 4.2.2.1.4-2: Error rate-bounded analysis for Enterobacteriaceae (clinical indication
organisms E. coli, K. pneumoniae, K. oxytoca, E. cloacae, and C. freundii) for isolates from
m-mlTT population of patients from clinical protocols and preclinical data
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Table 4.2.2.1.4-2: Discrepancy Rates for tigecveline MIC and zone data for
Enterobacteriaceae (clinical indication organisms E. coli, K. preumoniae, K. oxytoca, E.
cloacae, and C. freundii) for isolates from m-mITT population of patients from clinical

protocols and preclinical data

MIC Range Number of Number of Discrepancies (Discrepancy Rate)
Isolates Very Major (%) Major (%) Minor (%)
>=([+2) 0 0 NA 0
(I+1) to (I-1) 33 0 0 11(20.8)
<=(1-2) 1949 NA 0 1(0.1)
Total 2002 0 0 12(0.6)
Figure 35
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Figure 4.2.2.2.1.4-2: Error Rate-Bounded Analysis for clinical isolates from skin protocols
300 and 305 (TGC treated ME population, all infections) for Enterobacteriaceae,
organisms for clinical indications (E. coli, K. pneumoniae, K. oxytoca, E. cloacae, C.

Sfreundii)
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Figure 4.2.2.2.1.4-6: Error-rate bounded analysis for data from skin protocols (300 and
305) based on proposed MIC and zone interpretive criteria, Tigeeyeline microbiologically
cvaluable patients with microbiological response = eradication, Enterobacteriaceae:
Organisms for clinical indications (E. coli, K. pneumoniae, K. oxytoca, E. cloacae, C.
Sreundii) All infections
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Figure 36
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Figure 4.2.2.2.2.4-6: Error rate-bounded analysis for data from LAl protocols (301 and 306)
based on proposed MIC and zone interpretive criteria, Tigecycline microbiologically
evaluable patients with microbiological response = eradication, Enterobacteriaceae :
Organisms for clinical indications, (E. coli, K. pneumoniae, K. oxytoca, E. cloacae, C.

Jreundii) All infections
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besad on propossd MIC and zone interprothve crilesin
Tigecycine 50 mg microblclogically evaluable pellents wih microblological reeponse = eradication
Entacobaciadansas : Owanisma i cinical inications
Al Infocticna

Pioi showe rumber of isolsies & moh MG and 2o diamsr

108,000 j j
B0 - i i
: :
o i i
8000 : :
___________________________ ’____________+________________________________________________
4000 1 | i1
I B
g = i 1T T 1
1000 | | {10 8 4342
- ' ia nopzms N 6 8 1
0250 ' f 42035980 1 |
o 1 2 4 605 A 1
Do + 1 1
003
oo -
oK - i i
T T T T T T T T T T T T T T T
e B W B ® W ® = 2 M m W W ¥

Tore Diameler {mm}

n= @72, rm 067 , S0pom —0244 , Intovcopt = 4159

CONCLUSION — ENTEROBACTERIACEAE

The Applicant provided clinical trial data for the following members of the
Enterobacteriaceae family (C. freundii, E. cloacae, E. coli, K. oxytoca and K.
pneumoniae). Based on the pharmacokinetics, pharmacodynamics, the clinical trial
results for cl Al and cSSSI (see Tables 30, 31, and 33) preclinical and clinical in vitro
susceptibility data the following in vitro susceptibility interpretive criteria are appropriate
(Table 42). Because tigecycline has been shown to have reduced activity in vitro against

Morganella spp., Proteus spp., and Providencia spp. a footnote will be added to the
Enterobacteriaceae susceptibility interpretive table stating this.

Table 42. Tigecycline in vitro susceptibility test interpretive criteria for
Enterobacteriaceae®

MIC (pg/mL) Zone size (mm)
S I R S I R
<2 4 >8 >19 15-18 <14

S =susceptible, | = intermediate, R = resistant

a. Tigecycline has reduced in vitro activity against Morganella spp, Proteus spp. and
Providencia spp.
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Anaerobes

The Applicant is recommending that the in vitro agar dilution susceptibility test
interpretive criteria for anagrobes be <4 pug/ml = susceptible, @“ug/mL = intermediate,
and @® ug/ ml = resistant.

Table 43 shows the overall susceptibility of anaerobic organismsto tigecycline. These
datainclude isolates of B. fragilis, B. thetaiotaomicron, B. vulgatus, B. uniformis, C.
perfringensand P. micros. As can seen the two populations are similar in their
cumulative susceptibility to tigecycline.

Table 43
l'able 4.2.1.5-1: Tigecycline Susceptibility of Anaerobic Isolates From Preclinical and
Clinical Tests ( B. fragilis, B. thetaiotaomicron, B. vulgatus, B. uniformis, C. perfringens and
P. micros.)

Cumulative % of MIC (pg/mL)

susceptible isolates 70 460 12 T0.25 [ 05 | 1 2 4 8 | 16 | 32
at MIC

Preclinical [1166] 01| 09| 33| 193] 485 79.5| 882 | 94.9| 99.1|100.0
Clinical [646] 132 226|390 661 | 847 | 92.0| 943 | 972 [ 1000
Fotal [1812] 47| 86] 160 360] 614 839 903 | 957] 99.4]100.0

Table 44 shows the cumulative susceptibility of isolates of B. fragilisisolated during
clinical trials to tigecycline compared to the cumulative susceptibility of the B. fragilis
isolates from pre-clinical in vitro susceptibility testing. As can be seen the two
populations are similar in their cumulative susceptibility to tigecycline.

Table 44
I'able 4.2.1.5-4: Tigecycline Susceptibility of B. fragilis Isolates From Preclinical and
Clinical Tests
Cumulative % of MIC (pe/mL)
susceptible isolates 406 03 7025 | 0.5 | 1 3 1 8 16 | 32
at MIC
Preclinical [624] 02| 13| 13.9| 446 | 808 | 88.0| 938 99.0| 100.0
Clinical [311} 03| 45|209| 576/ 826 91.3] 936| 981 |100.0
Fotal [935] 01| 1.6 78| 284/ 572 84.3] 898 952| 99.4 | 100.0

CONCLUSION — ANAEROBES

The Applicant is recommending that the in vitro agar dilution susceptibility test
interpretive criteria for anagrobes be <4 pug/ml = susceptible, ©® pg/mL = intermediate,
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and! ®® ug/ ml = resistant. Based on the preclinical and clinical tigecycline in vitro
susceptibility test results, the pharmacokinetics of tigecycline and the bacteriological
eradication and clinical outcome data primarily from the cl Al trials more appropriate in
vitro agar susceptibility test interpretive criteriawould be <4 pg/ml = susceptible, 8
pg/mL = intermediate and >16 pg/ ml = resistant.

INDICATIONS AND USAGE SECTION OF PACKAGE INSERT

The Applicant is proposing to include the following organism under the proposed
indications for tigecycline.

Complicated skin and skin structure infections caused by Escherichia coli, Enterococcus
faecalis (vancomycin-susceptible isolates only), Staphylococcus aureus (methicillin-
susceptible and —resistant isolates), Streptococcus agal actiae, Streptococcus anginosus
grp. (includes S. anginosus, S. intermedius, and S. constellatus), Streptococcus pyogenes,
and Bacteroides fragilis.

Complicated intra-abdominal infections caused by Citrobacter freundii, Enterobacter
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, Enterococcus
faecalis (vancomycin-susceptible isolates only), Staphylococcus aureus (methicillin-
susceptible isolates only), Streptococcus anginosus grp. (includes S. anginosus, S
intermedius, and S. constellatus), Bacteroides fragilis, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides vulgatus, Clostridium perfringens, and

Peptostr eptococcus micros.

SECOND LIST ORGANISM S

The criteria for organisms in the second list are: 1) they must be relevant to the
indications, 2) There must be in vitro susceptibility datafor at least 100 isolates of the
organism, and 3) The MICq for the organism must be within the achievable
concentration of the antimicrobial using the approved dosage form, concentration, and
administration. In addition, there may be certain microorganisms, such as community
acquired methicillin-resistant S aureusthat are newly recognized as specific etiologies
for anew disease entity. Such organisms will only be allowed in the “Indications and
Usage” section of the label when there is sufficient clinical experience in treating that
specific disease entity with a specific antimicrobial.

The Applicant is proposing the following organisms for the tigecycline package insert.

Aerobic gram-positive microorganisms

Enterococcus avium

Enterococcus casseliflavus

Enterococcus faecalis (vancomycin-resistant isolates)

Enterococcus faecium (vancomycin-susceptible and —resistant isolates)
Enterococcus gallinarium
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Listeria monocytogenes
(b) (4)
Saphylococcus epidermidis (Methicillin-susceptible and —resistant isolates)

Saphylococcus haemolyticus
(b) (4

Aerobic gram-negative microor ganisms
Acinetobacter baumannii

Aeromonas hydrophila

Citrobacter koseri

Enterobacter aerogenes
(b) (4)

Pasteurella multocida
(b) (4)

Serratia marcescens
(b) (4)

Senotrophomonas maltophilia

Anaerobic microorganisms
Bacteroides distasonis
Bacteroides ovatus

(b) (4
Peptostreptococcus spp.
Porphyromonas spp.
Prevotella spp.

Other microorganisms
Mycobacterium abscessus
Mycobacterium chelonae
Mycobacterium fortuitum

Organisms proposed for second list by the Agency
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In order for organismsto be included in the second list of the microbiology section of a
package insert certain criteria must be met. These criteriaare: 1) they must be relevant to
the indications for which the drug is proposed, 2) the MICqy for the organisms must be
within the therapeutic concentration of the antimicrobial that can be achieved with the
proposed dosing regimen, The organisms being proposed for the second list of the
tigecycline package insert by the Agency are provided below. The organisms that are not
felt appropriate for the second list are indicated and the reason for their exclusion is
provided

The organisms in the tigecycline package insert list would include the following:

Aerobic and facultative Gram-positive microorganisms

Enterococcus avium

Enterococcus cassdliflavus

Enterococcus faecalis (vancomycin-resistant isolates)

Enterococcus faecium (vancomycin-susceptible and -resistant isolates)
Enterococcus gallinarum

Listeria monocytogenes

Saphylococcus epidermidis (methicillin-susceptible and -resistant isolates)

Aerobic and facultative Gram-negative microorganisms

Acinetobacter baumanni
Aeromonas hydrophila
Citrobacter koseri
Enterobacter aerogenes
Pasteurella multocida
Serratia marcescens
Senotrophomonas maltophilia

Anaerobic microorganisms

Bacteroides distasonis
Bacteroides ovatus
Peptostreptococcus spp.
Porphyromonas spp.
Prevotella spp.

Other microorganisms
Mycobacterium abscessus
Mycobacterium chelonae

Mycobacterium fortuitum
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From a microbiology perspective the following organisms would not appear in the second
list for the reasons stated.

1. Because these organisms have recently been recognized as being associated with sever
community-acquired skin infections and pneumonia and the disease is not well
understood or the treatment for such infections clearly defined these organisms can only
be included in the package insert after clinical studies have demonstrated that the
antimicrobial, in this case tigecycline, can effectively treat the infection.

2. The following organisms will not be included in the second list because there is not
sufficient clinical experience treating these infections with tigecycline or other
antimicrobials. These organisms also represent a special set of bacteriathat contain
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3. Thisorganism is not relevant to the indications being sought.

4. While these organisms are members of the they are the
cause of specific gastrointestinal illness and very rarely associated with clAl.

5. Thisorganism is not associated with clAl.
Clinical studies are required to show that an antimicrobial can

effectively treat the infection caused by this organism.

6. Tigecycline in vitro susceptibility data on less than 100 isolates provided by Applicant
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Executive Summary

I.

II.

I1I.

Recommendations

A.

Recommendation on Approvability — This submission is
recommended for approval on the basis of product quality
microbiology. Please see “List of Microbiology Comments” on
page 11 of this review.

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

Summary of Microbiology Assessments

A. Brief Description of the Manufacturing Processes that relate to
Product Quality Microbiology — The drug product is N
B. Brief Description of Microbiology Deficiencies — N/A
C. Assessment of Risk Due to Microbiology Deficiencies — N/A
Administrative
A. Reviewer's Signature
B. Endorsement Block
Bryan S. Riley, Ph.D. (Microbiology Reviewer)
David Hussong, Ph.D. (Microbiology Supervisor)
C. CC Block
N/A
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