CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER:

21-130/5-003
21-131/5-003
21-132/5-003

MICROBIOLOGY REVIEW




DIVISION OF ANTHUNFECTIVE DRUG PRODUCTS (HFD-520)
MICROBIOLOGY REVIEW
NDA 21-131 SE5-003 DATE REVIEW COMPLETED:12 Dec 02
NDA 21-130 SE5-003
NDA 21-132 SE5-003

Date Company Submitted: 21Jun02 Date Received by CDER: 24Jun02
Date Assigned: 26Jun02

NAME AND ADDRESS OF APPLICANT: -

Pharmacia & Upjohn Company
7000 Portage Road
Kalamazoo, M| 49001

CONTACT PERSON:

Robert S. Grebman
Regulatory Manager
616-833-9195

DRUG PRODUCT NAME:

Proprietary: Zyvox
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Chemical Name: Linezolid (S)-N[{3-[3-fluro-4-(4-morpholinyl)phenyi]-2-0x0-5-
oxazolidinylmethyllacetamide

Chemical Formula (Empirical): C1gH20FN304

PROPOSED INDICATION(S) AND USAGE for PEDIATRIC PATIENTS:

1. Vancomycin-resistant Enterococcus faecium infections, including cases with concurrent
bacteremia.

2. Nosocomial pneumonia caused by Staphylococcus aureus (methicillin-susceptible and
resistant strains), or Streptococcus pneumoniae (penicillin-susceptible strains).

3. Complicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and resistant strains), Sfreptococcus pyogenes, or Streptococcus
agalactiae.

4. Uncomplicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and resistant strains) or Streptococcus pyogenes.

5. Community acquired pneumonia caused by Streptococcus pneumoniae (penicillin-
susceptible and resistant strains), including cases with concurrent bacteremia, or
Staphylococcus aureus (methicillin-susceptible strains only).

DOSAGE FORM, STRENGTH and ROUTE OF ADMINISTRATION : See Table below
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DOSAGE/DURATION:
Dosage and Route of Administration Recommended
Pedistrie Pacients Adults and Buration of
. {Birth throngh 11 Adolescents (12 Treatment
intection Years of Age} Years and Okder) {consecutive days)

Complicated siin and skin
structure infectiops
Community-acquired 10 mgky 1V or oral’ 600 g IV or oratt 10 te 14
pneungnia, including qh ql2h
concurrent bacteremia
Nosocomial paetunonia

Uncomplicated skir and 10 mg/kg oral® q8h 600 mg oral” q12h° 10to 14
skin stracture infactions

Vancomycin-resisiant 16 mgrkg 1Y or oral’ 600 mg TV or ora’

Enterococcus faectm q8h qlth 141028

infections. including

concurrent bacteremia
due: o the dosignated gathogens {scc INDICATIONS AND USAGE)

! oral dosing using either ZYVOX Tablets or ZYVOX for Crat Saspension

1 adult parients receivad 400 my qF 2 in clinical trials; adolescents received 600 mgqlh

Adult and adolescent patients with infection due to MRSA should be treated with linezolid 600
mg q12h.

DISPENSED: Rx

RELATED DOCUMENTS: APPEARS THIS WAY
ON ORIGINAL

IND 49,195 and 55, 618, NDA 21-130
REMARKS:

This is a review of the clinical microbiology portion of this NDA

CONCLUSION:

The Applicant provided in vitro susceptibility information on the isolates obtained during clinical
trials. The data show that the isolates of Strepfoccocus pneumoniae, Streptococcus species,
Staphylococcus species and Enterococcus species have similar MICs to linezolid as the
isolates obtained during their initial studies to support their original NDA (NDA 21-130 dated
10/15/99). The clinical trials to support their original NDA were done primarily in adults. It
appears there is no difference at this time in the susceptibility of these organisms to linezolid
when obtained from either the adult or pediatric population.

The in vitro susceptibility data provided in this submission for the organisms of interest (S.
pneumoniae, Streptococcus species, Staphylococcus species, and Enterococcus species)
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support the Applicant’'s position that the FDA previously approved susceptibility test
interpretive criteria for both disc and broth dilution testing do not need to be modified.

The Applicant has provided information from animal models to suggest that the critical
pharmacodynamic parameter for linezolid is time above the MIC. The data provided suggest
that for linezolid to be efficacious against S. pneumoniae and S. aureus that a T>MIC of >40%
of the dose interval needs to be achieved.

The Applicant provided dose-response information in humans (NDA 21-130 SE5-003 section
8.7 pg. 78). The data provided shows that at the doses the Applicant is recommending that
the time above the MICqp of 4 pg/mL was greater than 40% of the dosing interval for both IV
and PO administration for all age groups. However in the age range of 91 days to 4 years for
both the IV and PO dosing data that the median time above MICgy (as a percentage and actual
time) is the lowest of all the age groups. This data suggests that there may be some
individuals in the age group of 91 days to 4 years where the concentration of linezolid in the
serum may not be above the MICy of 4 ng/mt for 40% of the dosing interval.

The Applicant in this submission notes that there have been six additional incidents of bacteria
developing resistance to linezolid. Five of the six cases involved enterococci and one involved
S. aureus. All six organisms were shown to have point mutations at an identical position
(G2576) in their 23S ribosomal DNA. This point mutation is considered the mechanism by
which these organisms are resistant to linezolid.

Because of the lack of microbiology data as well as clinical data related to indications 1, 2, 3,
and 5 noted above it is suggested from the microbiology perspective that these indications are
not granted. The microbiology data for indication #4 from the microbiology perspective is
adequate with the exception that only methicillin-susceptible isolates of S. aureus be included.
This is because of insufficient data on infections caused by MRSA from which to make any
conclusion on the efficacy of linezolid to treat infections caused by MRSA.

APPEARS TH!IS WAY
ON ORIGINAL
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EXECUTIVE SUMMARY

The Applicant in this submission provided microbiology information to support their proposail
for the use of linezolid for the following indications in the pediatric population.

1. Vancomycin-resistant Enterococcus faecium infections, including cases with
concurrent bacteremia.

2. Nosocomial pneumonia caused by Staphylococcus aureus (methicillin-susceptible
and resistant strains), or Streptococcus pneumoniae (penicillin-susceptible strains).

3. Complicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and resistant strains), Streptococcus pyogenes, or
Streptococcus agalactiae.

4. Uncomplicated skin and skin structure infections caused by Staphylococcus aureus
{methicillin-susceptible and resistant strains) or Streptococcus pyogenes.

5. Community acquired pneumonia caused by Streptococcus pneumoniae (penicillin-
susceptible and resistant strains), including cases with concurrent bacteremia, or
Staphylococcus aureus {methicillin-susceptible strains only).

The Applicant provided in vitro susceptibility information on the isolates obtained during clinical
trials in the pediatric population. The data shows that the isolates of Streptoccocus
pneumoniae, Streptococcus species, Staphylococcus species and Enterococcus species have
similar MICS to linezolid as the isolates obtained during their initial studies to support their
original NDA (NDA 21-130 dated 10/15/99). The clinical trials to support their original NDA
were done primarily in adults. Thus it appears there is no difference in the susceptibility of
these organisms to linezolid when obtained from either the aduit or pediatric population.

The in vitro susceptibility data provided in this submission for the organisms of interest (S.
preumoniae, Streptococcus species, Staphylococcus species, and Enterococcus species)
support the Applicant’s position that the previouslty FDA approved susceptibility test
interpretive criteria for both disc and broth dilution testing do not need to be modified.
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The Applicant has provided information from animal models to suggest that the critical
pharmacodynamic parameter for linezolid is time above the MIC. The data provided suggest
that for linezolid to be efficacious against S. pneumoniae and S. aureus that a T>MIC of >40%
of the dose interval needs to be achieved.

The Applicant provided dose-response information in humans (NDA 21-130 SE5-003 section
8.7 pg. 78)." The data provided shows that at the doses the Applicant is recommending that
the time above the MICgo of 4 ng/mL was greater than 40% of the dosing interval for both IV
and PO administration for all age groups. However in the age range of 91 days to 4 years for
both the IV and PO dosing data that the median time above MICg (as a percentage and actual
time) is the lowest of all the age groups. This data suggests that there may be some
individuals in the age group of 91 days to 4 years where the concentration of linezolid in the
serum may not be above the MICgg of 4 ug/mL for 40% of the dosing interval.

The Applicant noted in this submission that there have been six additional incidents to those
noted in their original NDA (NDA 21-130 dated 10/15/99) of bacteria developing resistance to
linezolid. Five of the six cases involved enterococci and one involved S. aureus. All six
organisms were shown to have point mutations at an identical position (G2576) in their 23S
ribosomal DNA. This point mutation is considered the mechanism by which these organisms
are resistant to linezolid.

Because of the lack of microbiology data as well as clinical data related to indications 1, 2, 3,
and 5 noted above it is suggested from the microbiology perspective that these indications
should not be granted. The microbiology data for indication #4 from the microbiology
perspective is adequate with the exception that only methicillin-susceptible isolates of S.
aureus be included. This is because of insufficient data on infections caused by MRSA from
which to make any conclusion on the efficacy of linezolid to treat infections caused by MRSA.

The Applicant also provided in vitro susceptibility data from pediatric clinical trials to show that
the current FDA approved in vitro susceptibility test interpretive criteria for disc diffusion testing
and dilution susceptibility testing are appropriate for determining the susceptibility of the
pathogens of interest from the pediatric population.

APPEARS THIS WAY
ON ORIGINAL
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INTRODUCTION:

Linezolid belongs to the class of antimicrobial agents called oxazolidinones. This class of
antimicrobial appears to have potent bacteriostatic activity against Gram-positive cocci with
minimal activity against Gram-negative bacilli. Due to renal toxicity concerns with this class of
antimicrobial few members of its class have made it to phase lii trials. The antiinfective,
linezolid has been shown to have minimal renal toxicity in humans. Linezolid represents a new
molecular entity (NME} in terms of its mechanism of action against bacteria.

The applicant has provided microbiology data they believe will help to support their request for
the following indications and usage.

Vancomycin-resistant Enterococcus faecium infections, including cases with concurrent
bacteremia.

Nosocomial pneumonia caused by Staphylococcus aureus (methicillin-susceptible and
—resistant strains), or Streptococcus pneumoniae (penicillin-susceptible strains).

Complicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and —resistant strains), Streptococcus pyogenes, or
Streptococcus agalactiae.

Uncomplicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and —resistant strains) or Streptococcus pyogenes.

Community acquired pneumonia caused by Streptococcus pneumoniae (penicillin-
susceptible and —resistant strains), including cases with concurrent bacteremia, or
Staphylococcus aureus (methicillin-susceptible strains only).

The organisms associated with the indications above are clinicaily relevant to these
indications.

IN VITRO
ANTIMICROBIAL SPECTRUM OF ACTIVITY:

Oxazolidinones have bacteriostatic activity against Gram-positive pathogens such as
staphylococci, and enterococci and bactericidal activity against streptococci. These agents
have activity against existing multidrug-resistant strains of Gram-positive bacteria such as
Streptococcus pneumoniae (penicillin-resistant), Staphylococcus aureus (methicillin-resistant),
Staphylococcus epidermidis (methicillin-resistant) and Enterococcus species (vancomycin-
resistant).
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in a paper published in 1999 (1) the following susceptibility data (Table 1) was reported for
linezolid against a variety of Gram-positive bacteria. In a more recent paper published in 2002
(2) the MICqys for Staphylococcus aureus (both oxacillin-susceptible and resistant),
Streptococcus pneumoniae (both penicillin-susceptible and resistant), Enterococcus faecalis
(both vancomycin-susceptible and resistant), and Enterococcus faecium (both oxacillin-
susceptible and resistant) were the same as those published in 1999 (1).

The data in Table 1 shows the activity of linezolid to be similar against both oxacillin-resistant
and oxacillin-susceptible S. aureus and S. epidermidis. In addition, the investigators noted in
their paper that vancomycin-resistant enterococci (VRE) of either the VanA or VanB phenotype
were inhibited by linezolid concentrations of 2 and 4 pg/mL. In two earlier papers (3, 4) similar
MIC ranges and MICsos and MICqqs were noted for the same types of organisms.

Table 1. Published susceptibility data for linezolid against Gram-positive bacteria

Organism MIC (pg/mL)
{No. tested) Range MICsos MICgos
S. pneumoniae (79) 0.25-2 1 1
E. faecalis (1,137) 14 2 4
E. faecium (452) * 0.5-4 2 4
S. aureus
Oxacillin-susceptible 1-4 2 4
(1,020)
Oxacillin-resistant 0.54 2 4
(451)
S. epidermidis
Oxacillin-susceptible 0.5-4 2 4
(365)
Oxaciliin-resistant 0.54 2 4
(441)

* Two thirds of isolates were vancomycin resistant. No difference in activity was noted between
vancomycin-susceptible and vancomycin-resistant strains.

In a study that locked at the activity of linezolid against penicillin-intermediate and resistant S.
pneumoniae as well as cephalosporin {ceftriaxone) resistant S. pneumoniae (Table 2) the
following was found (5).
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Gram-negative bacilli © (28) 64->64 >64 >64
Bacteriodes fragilis (3) 0.54 2

Clostridium spp. (20) 0.54 2 2

Peptostreptococcus spp. (17) 0.5-2 1 2
Prevotella spp. (12) 14 2 2

a. Includes six ampicillin-resistant strains

b. Includes nine penicillin-resistant strains

c. Includes two strains each of Citrobacter freundii, Enterobacter aerogenes, Enterobacter
cloacae, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae, Morganella morganii,
Proteus mirabilis, Providencia rettgeri, Serratia marcescens, Pseudomonas aeruginosa,
Acinetobacter spp., and Stenotrophomonas maltophilia. Single strain of Alcaligenes
xylosoidans and Flavobacterium meningosepticum.

The Applicant had submitted extensive MIC information in their original NDA 21-130 dated
10/15/99. The Applicant has provided more finezolid MIC information in this submission. The
new data the Applicant has provided shows no major changes in the linezolid susceptibility of
the organisms of interest in this submission from the linezolid susceptibility data for the same
types of organisms presented in the Applicant's original NDA (NDA 21-130 dated 10/15/99).
This Reviewer has chosen to present only some of the additional linezolid susceptibility
information presented in this submission. The information was chosen because: 1) it
supplements information for which there were a small number of isolates in the original NDA,
2) the susceptibility profile of an organism is of particular importance (penicillin-resistant S.
pneumoniae) or 3) the Applicant is now asking to have the organism included in the label (ex.

—

Tabie 4 shows a comparison of the susceptibility of isolates of S. pneumoniae to linezolid and
various other antimicrobials isolated from adults and pediatric patients. As seen in Table 4
penicillin-resistant S. pneumoniae make up a larger portion of the total S. pneumonia isolates
in the pediatric population than in the adult population (NDA 21-130 SE-003, Microbiology
Section pg. 39). All of the S. pneumoniae regardless of their susceptibility to penicillin were
susceptible to linezolid.

Table 5 shows the linezolid MICs¢s and MiCggs for 100 isolates of S. pneumoniae. Table 6
shows the activity of linezolid MICsqs and MICgqs against erythromycin-susceptible and -
resistant isolates of Streptococcus pyogenes and Streptococcus agalactiae. Regardless of
their susceptibility to erythromycin all isolates were susceptibie to linezolid using the previously
approved FDA interpretive criteria (see section titled SUSCEPTIBILITY TEST METHODS AND
METHODS FOR THE DETECTION OF RESISTANCE below). Table 7 is a summary of
linezolid susceptibility data for a variety of pathogens of interest (NDA 21-130 SE5-003 Section
7 pg. 60 and 61).

11
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The current literature and the susceptibility information provided by the Applicant does not
indicate any significant changes in the linezolid MICgs for the pathogens of interest since the
Applicant’'s original submission (NDA 21-130 dated 10/15/99). Therefore this Reviewer feels
that the linezolid susceptibility information provided by the Applicant in this submission is
adequate as part of the information to support the requested labeling.

Table 4. Streptococcus pneumoniae susceptibility comparison for pediatric and adult isolates

K Percent Snsceptible
Antibiotic Pedintric (n=215 Adult (n=1058} P-value®
| Class: Peniedlling B0 33
Amaoxicillin 87 at NS
Amaxicittin/Clavelanate %7 E3l NS
Benzyl penicillin 67 81 09
Clags: Macrolides 80 B9
_A-zilhmmycin L] 87 06
Ervthromycin 80 9t 02
Class: Cephems 79 3]
Cefirinxone 96 Ell NS
Cefuroxime 75 50 003
Cefixime 4 39 o3
Ceiprozil 72 a8 APPEARS THIS WAY
Cefpodoxime 76 89 ‘.
Qlass: Carbapencmy ON OR‘G‘NA
Meropenen 99 99 Elé
Class: Quinolones 95 90
Grepafloxacin 180 98 NS
Ofloxacin g1 68 008
| Sparfloxacin 9% 93 NS
Trovalloxsgin 104 100 ™S
Others:
Clindamycin 89 97 0z
Trimethoprim/sulfa 64 77 .02
Linezohd 1{03 100 NS
Vancomyein 160 100 NS

" Chi squared analysis of frequency of resistance in children compared 1o
frequency of vesistance in adubts.

Table 5. Linezolid and other antimicrobial MICses and MICgqs for 100 isolates S. pneumoniae

APPEARS THIS WAY
ON ORIGINAL

12
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MIC (ug/mL) No.(%) | WNo.(%) | No.(%)
Range MICs MICs | Sugeepiible | Intermedints | Resistant
Linezolid <0.25-1 0.3 1 100 (100 1] 0 -
Amox./Clav, =0 5/0.25->8/4 241 42 0 (70} 21 (21) 3 (9}
Peicillin — 20.06>2 [ 3 29(29) 31 (34) 37071
Cefirinxone <0,25.2 0.3 1 35(53) 13 (13) 2(2}
Cefuraxime {oral) £0,25--8 4 >8 30 (30) 6(5) 64 (64)
Tetracyeline <1.16 <1 =16 34 (54) 0 16 (46)
Clindamycin <0.25->4 <£0.23 >4 62 {62) [ 38 (38)
Erythromycin <0,25->8 EX] >3 19 (29) ] 71 (71)
Telithromycin <g,125-1 <0,§23 G5 NA* NA NA
Levafloxacin <0.5-16 4 [] |, 67w?) 21 {21) £2¢12)
Sparfloxacin <0.125-16 £0.42% 16 &7 (67) 2{2) 31¢31)
Gatiffoxacin <0.125-8 <0125 4 65 (63) 9{9) 26 £26)
Moxifloxacin £0.125 £0.125 2 71 {71Y 26 (26} . 33y

-

NA —interpretive breakpoints not available,

Table 6. Linezolid MICsos and MICqg of erythromycin-susceptible and resistant Streptococcus
pyogenes and Streptococcus agalactiae

Qrganlin MIC {uniml)
(N of Stealnsy Antibiotic Range MiCu | MICu
T incwobd 2 2 2
| Preneillin 908003 1 coog { 001
[ Prataomes 941003 | 603 | a0
Roxithramycin 0643 2 £06 01
Evythramyeinenmeplible ATHRIY G0 UI0 3 [ [
Sieepineoceia pyogeees (54) [ Miocumyein [OEETE] 01 a1
Clndsmyein Q.03-0.06 0.6} [T
muprict istin G2 62 0.3
Moaciacsin 043-4.1 [ L
Travefloxacin 0830 1 {1 Dt
Linezaid [ 2 2
Penicilin 0.004-8 03 YT 0]
| Eryittzoms cin 64 & [T
Redikromyeia 1064 6 32
Tk c - Axiltzonmvein ] 3 16
Ir Xy popenes (31 BV re—
OCSMYCit £) Sl [i1] [
Clindomyoin 0.0H-> 64 DU 005
[Guinupisiifopeiuin | 0443 | 0> | o3
Momflonsesn [T 01 0.1
Trovafloxscin 00304 .06 0.5
Linczokd 2 F 2
Penicilhn .01 06 K] 006
Erihroprves @el003 FXTH 003
Roxithromyin G- | LR 8.1
: : AZi i (130 3 943 .03
Erytimmanciauoapiibla & agpataction (33) Tioennytin o3 53 | o3
L‘lm.hmzcin 0340 06 0.03 G,Oﬁ_l
§ QuinnnicimAbaliopeistia [EN] [ 0.3
{ Moviflocacsn [l [ 11
Trovsfloxacin 0.06-{1. | 0.1 .1

Table 7. Linezolid MICsqs and MICqqs for a variety of pathogens of interest

APPEARS THIS WAY
ON ORIGINAL
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Na, M
Qeganistt Lsalates Reglon Razge Tc,g MiCw
- 31 Canzda 034
Staphyloeaceus aneves {all) 5 = ] ‘
136 Cancla .34 [ =9
[0 UK 0.06-4 H
S miras (mehicillin-sssceptiblz) 107 Emﬁ ﬂ)_.il-! 2 A
BIT_ | 1 Amserica R El ]
1219 | Nurepe NIt NR 2
7 Cenadi 4 ¥ 3
93 UK [E=] 3 £
8, moreeey {muetricillinenigtznt) 412 El:mpc 4 2 F
T N Amersci R F [
691 Exsope [ NIt F
ocaiy epidertedis (28 [ Cennts (L] NE 1
Casgtilsaopntive daphviacsces HS £K 01254 ] i
E epudernitis (mabiciiia-savephible) [ Coadta 0254 — t
Coagul 140 daphyococeT 136 | N_America NR I H
fonoacillosemscepub F1¥] Europe KR NR. 1
5. epicdrronidls {ncthiciliin Y ) Cazada 6.3 iy i
Caaquisonoepalive staphs lococes 3273 N Amercs KR 3 2
{oxacilda-resiziand) X6 Furoge KR i3 2 -
e S - L T N B S
Strepmeoccss Sp. 7% N Amcrica NR 0T 13
Lother (han 5. premmomise) 74 Europe NR .75 ]
137 Camitls 20.25-1 1 1
5 - 9 Uk 0 il 1 2
8 puramceriac (peicillinusoeptibicy AT T oY R T8 1
24 Euepe Nk (5] i
Table 7. (Cont.)
No MIC (uaialy
Orgxalun Iwlstes Riglon Range MICy MiCw Refervnce
77 Taazda W2 [ T ]
5 ——— ” L TK [ ¥ H 2
y 512 H_Amaries RE 033 i 4
[ Frrope IR X} 073 F5
28 Cenoids kN i i 31
5 e ) UK, .52 1 2 22
s tpeaucllie ) PRI T NR G 1 7]
34 Evope KR 03 1 3]
Tk Ceamia 0252 1 1 D)
Erterocoveur, farealiy (ALY 141 UK (8254 X 4 22
[1E] Forope R NR 1 ]
. fecoriie_vam Y98 | N Amorwa "R H ]
B, lascails, van® &1 N, America i ] H
3
e S L 2 1
¢ N_America NE z 1 2
E focciam, ves* TSI N5 TR TR 3 T
K foecium. yen ] N, Amorad BE 2 2 M

The following susceptibility data is for organisms that the Applicant is asking to be included in
the linezolid label proposed in this application.

—

14
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MECHANISM OF ACTION:

The mechanism of action for oxazolidinones is inhibition of protein synthesis (9). The Applicant
had an extensive discussion on the mechanism of action in their original NDA 21-130

15
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submission dated 10/15/99. In this submission they summarize linezolid’s mechanism of action
as follows. <
-
« Elongation using polysomes or first peptide bond synthesis is not inhibited. Therefore,
oxazolidinones are not classic peptidyl transferase inhibitors.

« Binding of oxazolidinones to ribosomes involves a primary interaction with the 50S
subunit, most likely within domain V of the 23 rRNA peptidy! transferase center and a
secondary interaction with the 30S subunit. The binding site(s) are in the areas of
rRNA which have not been shown to interact with other antibiotics, thereby supporting
the contention that oxazolidinones have a unique mechanism of action.

+ Oxazolidinones most likely target an early event in translation involiving the binding of
N-formylmehionyl-tRNA or its movement to/ejection from the E-site.

Taken together the data strongly suggest that linezolid interferes with the processing of N-
formylmethionyl-tRNA by the ribosome. Oxazolidinones most likely interact with sites within the
peptidyl transferase center that are important for binding/release of N-formylmethionyl-tRNA,

In the original application (NDA 21-130 dated 10/15/99) the Applicant provided information that
showed linezolid to have bacteriostatic activity against enterococci and most strains of
staphylococci while having bactericidal activity against most species of streptococci including
S. pneumoniae, S. pyogenes and S. agalactiae. In the submission (Section 7 pg. 76) the
Applicant has provided information to show that linezolid has predominantly bactericidal
activity against fluoroquinolone and vancomycin-tolerant S. pneumoniae.

MECHANISM(S) OF RESISTANCE:

Resistance to linezolid has been found to be due to point mutations G2447U and G2576U.
These point mutations are within the peptidy! transferase domain (10). The Applicant in this
submission describes a new point mutation in E. faecium (G2505A) that was created in the
laboratory (NDA 21-130 SE5-003 Section 7 pg. 17).

Resistance to oxazolidinones can occur by single-step selection process, This occurs at a |
frequency of < 1in 10 (11). This low frequency of resistance development suggests that

some mutations of the target may themselves be lethal. Ribosomes from resistant strains of S.

aureus have been shown to bind less oxazolidinone than from susceptible strains suggesting

that alteration of the ribosome is responsible, in part, for oxazolidinone resistance in

staphylococci. Resistance when seen was not associated with cross-resistance to the

following antimicrobial agents: vancomycin, oxacillin, rifampin, ciprofloxacin, and erythromycin

(5, 11).
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The Applicant in their original NDA (21-130 dated 10/15/99) described clinical isolates of E.
faecalis and E. faecium resistant to linezolid. At that time the Applicant-identified 15 incidents
of resistance to linezolid. Of the fifteen incidents fourteen involved lin€zolid resistant E.
faecium and one incident of linezolid resistant E. faecalis. Nine of the resistant incidents were
associated with the compassionate use protocol and 6 with protocol 54 (use of linezolid to treat
vancomycin-resistant enterococci). The linezolid MICs of these resistant organisms were >16
pg/mL. Some of the isolates were found to be resistant due to a 23S rRNA mutation at
nucleotide 2576 in which a guanine was replaced by uracil (g2576U); a mutation previously
described in'laboratory-derived mutants.

Since the submission of the original NDA there have been six other cases of linezolid resistant
enterococci reported. The Applicant has provided information relevant to these additional
incidents of linezolid-resistant bacteria (NDA 21-130 SE-003 Section 7 Pg. 177). Five of the 6
reports described the development of linezolid resistance in enterococci and one the
development of linezolid resistance in an isolate of S. aureus. Descriptions of two of the six
incidents are provided in this review. In one report a vancomycin-resistant E. faecium became
resistant to linezolid and then spread to 6 other patients in the patient’s treatment center (12).
All isolates had a G2576T mutation (the substitution of thymine for guanine at position 25786) in
235 ribosomal DNA (rDNA). All isolates carried the vanA gene and had a linezolid MIC of 16
pg/mL. In addition all the isolates were resistant to ampicillin, penicillin, gentamicin,
streptomycin and vancomycin and were susceptible to quinupristin-dalfopristin and had MICs
to the investigational antimicrobials oritavancin, and tigecycline of 1 pg/mL and 0.5 pg/mL
respectively. Linezolid resistance has also been reported in an isolate of S. aureus (13). This
isolate came from an 85-year-old man undergoing peritoneal dialysis who developed peritonitis
caused by methicillin-resistant S. aureus (MRSA). This isolate had a linezolid MIC of >32
pg/mi. The organism was found to have a G to T mutation at position 2576 of the 23S
ribosomal DNA (rDNA) similar to what had been demonstrated in linezolid resistant isolates of
enterococci.

In summary, several studies have identified individual patients in which resistance to linezolid
has emerged during therapy with linezolid. Overall the risk factors for emergence of linezolid
resistant organisms in these reports are similar to the risk factors in the first reports of linezolid
resistant organisms. These risk factors are: low linezolid dose (200 mg), prolonged therapy
(<21 days), and an avascular nidus of infection (undrained abscesses, catheter or infected
device not remove. It appears that the application of common susceptibility test methods, and
the currently approved interpretive criteria, is capable of detecting linezolid-resistant strains.

INTRACELLULAR CONCENTRATION AND POST LEUKOCYTE EFFECT (PALE):

In the original linezolid NDA (21-130 dated 10/15/99) data was presented to show that linezolid
does not accumulate in human neutrophils, peripheral blood mononuclear cells and murine
J744A celis. Because it does not accumulate in human neutrophils there is no significant
PALE. No new information was supplied in this submission.
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POST-ANTIBIOTIC EFFECT (PAE): -
In the original NDA (21-130 dated 10/15/99) the Applicant provided information that there is a
PAE with linezolid but the Applicant indicated that the PAE did not provide the justification for
the linezolid BID dosing interval. New information supplied by the Applicant in this submission
on the PAE of linezolid against multiple strains of staphylococci, enterococci, and pneumococci
were consistent with information on PAE previously provided.

INTERACTION WITH OTHER DRUGS:

The Applicant provided information in their original NDA (21-130 dated 10/15/99) that linezolid
combined with other antibiotics, (vancomycin, gentamicin, rifampin, imipenem-cifastin,
aztreonam, ampicillin, and streptomycin) did not show any synergism when tested against the
pathogens of interest. Additional information submitted in this NDA (NDA 21-130 SE-003
Section 7, pg. 96) shows that in combination with fluoroquinolones linezolid predominantly
shows an indifferent/additive response against a variety of Gram-positive bacteria. When
linezolid was combined with cephalosporins, tetracycline, methicillin, neomycin, teicoplanin,
bacitracin and metronidazole against multiple strains of staphylococci, pneumococci,
enterococci and enteric bacteria the response was additive/indifferent.

BIOFILMS:

The Applicant provided information on the effect of linezolid on biofilms (NDA 21-130 SE5-003,
Section 7 pg. 96. In summary this information suggests that linezolid has the ability to
penetrate biofilms and exert its antimicrobial activity on the organisms in the biofilm.

SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION OF
RESISTANCE.

In vitro susceptibility test interpretive criteria

The in vitro susceptibility data submitted by the Applicant in this submission were generated
using National Committee for Clinical Laboratory Standards (NCCLS) methods for disc
diffusion testing {14) and micro-broth dilution testing (15). The MIC and zone diameter
interpretive criteria determined by the Agency after review of the Applicant’s original NDA data
(21-130 dated 10/15/99) shown below (Tables 10, and 11) were used to interpret the
susceptibility test results for the isolates from the pediatric clinical studies done to provide
clinical outcome data for this submission.

Table 10. FDA approved linezolid MIC interpretive criteria
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MIC (fg/ml)
Organiym Suseeptible Iotermediate Resisiaat B
Siaphylocoocus spp. - . 3
Fnterocorcus spp. B

4 >
Mrreptococcus peumoniae - -
Nreptococets spp. other than
| Strepiococcus preumonias

N [T 1N

Tabie 11. FDA approved linezolid zone size interpretive criteria

Zone Site (mm)

_Orpanisnr- Susceptible | Luiermediate Resistant
Staplylococcus spp. 221 - -
Enicrococeus spp, 223 28-22 =20
Streptococeus pnewmnniae >2% B -~
Strepiococcus spp. other than 31
Strepiococens prvuinoniae

Quality Control Data

Quality control of susceptibility testing was done using the currently approved organisms and
quality control values shown below. The original quality control values for disk diffusion testing
were changed after approval of the Applicant’s original NDA when the Applicant submitted
data to the Agency to suggest that laboratories were having difficulty in achieving the quality
control zone size ranges originally approved for S. aureus ATTC 25923 and S. pneumoniae
ATTC 49619. The Applicant submitted new data to the Agency (IND 49,195 SN279 dated
24May2002, review completed 19Jul2002) and the quality control zone sizes were changed to
what is shown in Table 12. No changes were necessary for the quality control ranges for
linezolid broth dilution susceptibility testing. The MIC quality control ranges are shown in Table
13.

The Applicant provided the susceptibility testing quality control values obtained during testing
of clinical isolates from clinical studies used to generate support data for the indications being
sought. Review of this data shows them to be appropriate.

Table 12. Quality control disc diffusion zone ranges for linezolid

Control Strain Acceptable Ronge of Zone Dismcters ()
Staphylocaccus aurens ATOC 35523 28-32
Srrepococcus preumonioe ATCC 49619 25-34

Table 13. Quality control MIC ranges for linezolid

Controf Strain MIC Quality Control Range (tg/mk.)
Staphylococcus aurcus ATCC 29213 ——
Enterococcus faecalis ATCC 29212 1-4
Sircpiococcus prewmoniae ATCC 49619 0 5.3

HUMAN AND ANIMAL STUIDIES:

PHARMACOKINETICS:
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The Applicant provided information on the pharmacokinetics of linezolid in adult humans in
item 6 of the original NDA 21-130 submission (dated 10/15/99). The reader is referred to the
original submission for this information. The information provided in the original submission
supported the fact that for the majority of the subjects studied, twice-daily dosing with 400 mg
or 600 mg of linezolid provides plasma concentrations in excess of 4 pg/mL. The levels were
maintained for approximately 10 to 12 hours of a 12-hour dosing interval under steady-state
conditions. The elimination half-life for linezolid is generally 5 to 7 hours. Steady-state
conditions are achieved by the second or third day of multiple dosing.

The Applicant in this submission has provided data to show the pharmacokinetic profile of
linezolid in pediatric patients (<18 years of age) (NDA 21-130 SE5-003 study a0111631 pg.
135). The pediatric Phase | clinical program included 4 studies (Protocols M/1260/0028,
M/1260/0059, M/1260/0064, and 766-Inf-0026. These were mainly conducted in hospitalized
patients (not receiving linezolid for treatment) rather than heaith volunteers. Population PK
data was also obtained in Phase 2 studied 0045 and 0049 and Phase 3 studies 0065 and
0082. Table 14 summarizes the demographics of all these studies.

Table 14. Linezolid pharmacokinetic studies in children

smafl Description l Doto | Number of Subjocts In
T GGmonita | 3moA yra | S-tiyn | 13ityrs
Single-coss
Single-toss IV 1.5 mgkyg 0 24 12 7
10 mgkg [:) a 9
0058__| Siwle-doss IV [ 4] 3 3 -
0084 | Noonalas: |V 10 42 [*] [1]
T | Sngledosa V 10 mg/kg [i] 29 18 18
Total Single-doss 42 42 Fig
Multiple-dosa 8ID
0045 PKPD 10 mgAg [] 52 19 1
0040 %Rﬁ) 10 mgyky) [] 5t 12 []
0056 | Muttiplo-dose IV 10 mk 0 3 3 2
ooast | P2 K 10 kg o 0 2 6
Total Multiple-dose BID 0 108 36 3
Bultipla-doss TID

ooazt 'mggm 10mgivg a1 109 & o
Tots] Multiple-dosa TID L] 109 45 g
Total Patients a3 274 123 30

Abbvaviations: IV = intraverous; Pop = popiation; PD = ph dynasics; PK = ph kinotics;
PO = ol
# Bludies aro dosigrnaed by the last dighs of the protoeo! numbear.

1 Wecrocaps Oral Suspension

Pharmacokinetics of Linezolid in Newborns and Young Infants:
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Table 15 shows the (results of study 0064) pharmacokinetics of linezolid in this population of
subjects. As can be seen the clearance of linezolid (CL) increases rapidly during the first week
of birth in both full term and pre-term neonates. These results were used by the Applicant to

justify the dosing recommendation of linezolid of 10 mg/kg every 8 hours for patients from birth
through 3 months of age.

Table 15. Demographic summary and linezolid pharmacokinetic parameters segregated by
gestational (GA) and postnatal (PNA) age [Mean +/- SD]

PNA £ 7 days PNA > 7 diys and £ $2 weaks
Group GA < 34 woeks GA 2 34 wepks GA < 34 wooks GA 2 34 wooks

in= 9} tn=1y) a=7) tn=18)

GA, weeks MNI:27 352447 207+22 38421
PNA, days 26+09 40120 09210 31.92108
Body weight, kg 1.78 £ 061 230 2 068 2202080 3.88 £0.91
AUCO—. g himL 108 + 51 534 £252 MTe230 339 +485
Coma, pgiml 12738 115428 10118 128436
L. mbfmin/kg 2.00 £1.05 384 2199 4731164 526 2163
Vea, Likg 085 £0.19 0.78 015 0.86 +0.12 0.66 +0.21

Hasttfite. hours 584+£25 2918 23+049 15+02

Pharmacokinetics of Linezolid in Children < 12 Years of Age

Table 16 shows the results of studies 0028, 0064, and 111 to determine the pharmacokinetics
of linezolid in this age group. A total of 101 patients in the age range of birth to 12 years of age
were studied. Pharmacokinetic parameter estimates were obtained after a single 10 mg/kg
intravenous dose of linezolid. As can be seen in children <12 years of age have a similar Cpnax
and Vs, a smaller AUC, a shorter elimination half-life, and a faster clearance relative to
adolescents and adults seen in Table 17. The Applicant used this data to support the need for
a linezolid dose of 10 mg/kg every 8 hours in this age group of patients.

Table 16. Linezolid pharmacokinetic parameter estimates in children <12 years of age
following a single intravenous infusion of 10mg/kg [Mean +/- SD)

Parameter chlid(rzll ‘i ;f)yem

Age, yaars 28+3.8

Weight, kg 131132
AUCow, pg W'mL 57.0 +348
Conan, pg/mi 13.8 1 4.4
CL, mifminfcg 3912199
Ve, Likg 0.72 +0.19
Hatf-life, hours 28x18

Pharmacokinetics in Adolescents (12 to 18 years of age)
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Pharmacokinetic data for adolescents was obtained during studies 0028 and 111. The data
seen in Table 17 was obtained after administering a single linezolid dose of either 10 mg/kg or
600 mg. Data from adult studies 03, 04, 16 and 90 are included in thetable for comparison.
As seen in Table 17 the mean plasma linezolid concentration-time profiles (AUC,..., ug/ h/imL)
ilustrated that on average, adolescents were similar to adults. However the inter-subject
variability was greater in adolescents (data not shown — studies 0028 and 111). Except for
Cmax, which was about 20% higher in adolescents than adults, the Applicant states that there
was no statistical difference in the pharmacokinetic parameters between the two groups. The
Applicant is sing this data to justify a dosing regimen of 600 mg twice daily in adolescents and
adult patients.

Table 17. Linezolid pharmacokinetics parameter estimates in adolescents and adults following
either a 10 mg/kg or 600 mg dose [Mean +/- SD]

Adotescents Adults Mann-Whitney
Group (n=18) {n = 29} Test p-value
Age, years 1452186 274166 <0.0001
Waight, kg 58.6 £ 10.3 726 £ 109 «<0.0001
ALIGo~, ug himl 88.7 + 548 942200 0.G064
Cmax, pg/ml 15032 125228 0.0078
CL, mUminkg 23+ 1.6 1.7 2046 0.1014
Vaz, L/Kg Q.65 +0.08 065 £ 0.10 0.9530
Hati-life, hours 4625 49+17 0.7216

Linezolid is 31% protein bound.
CONCLUSION:

The pharmacokinetic data for the pediatric population provided by the applicant in this
submission suggests that excluding newborns less than about a week of age, children clear
linezolid faster than adults and have a shorter elimination half-life and this relationship is
inversely proportional to age. The information also suggests that the Ca, is 20% higher in
adolescents than in adults. Except for this difference the Applicant believes that there is no
statistical difference in the other pharmacokinetic parameters between adolescents and adults.
The Applicant believes that the pharmacokinetic data they have presented justifies their
linezolid dosing recommendations. These recommendations are: for children less than 12
years of age, 10mg/kg of linezolid should be administered three times a day, and for
adolescents (children >12 years of age) and adults, 600 mg of finezolid should be given every
12 hours.

PHARMACODYNAMICS:

Animal studies (NDA 21-130 SE-003 pg. 125-143):
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The Applicant in their original submission (NDA 21-130 dated 10/15/99) provided a variety of
information about the performance of linezolid in systemic animal infection models. in this
submission they provided additional information of the performance offinezolid ina ——

— model, a rat pneumococcal pneumonia model,
L e— - .ecause the Applicant is not proposing that linezolid be
usedtotreat: ~—0 —_— ——— infection this information will

not be reviewed.

The informafion provided by the Applicant from the rat pneumococcal infection model shows
that the critical pharmacodynamic value for efficacy of linezolid likely lies between the 31.6%
T>MIC value achieved with the low dose 25 mg/kg BID (50 mg/kg/d) and the 45% T>MIC
value achieved with the high dose 50 mg/kg BID (100 mg/kg/d). These results agree with the
previous data (NDA 21-130 dated 10/15/99) generated in a mouse thigh model that indicated
T>MIC values of >40% of the dose interval is needed for efficacy against S. preumoniae.

In addition to the results of the rat pneumococcal pneumonia animal model noted above the
Applicant has provided a study (NDA 21-130 SE5-003 section 7 reference 50). This study
provides additional data to support that the critical pharmacodynamic parameter associated
with linezolid efficacy is the amount of time the serum concentration exceeds the MIC of the
infecting organism. This paper supports the previous finding that for linezolid to be efficacious
in the treatment of pneumococcal infection a T>MIC value of >40% (range 33 - 49) of the dose
interval is needed. For staphylococci a T>MIC value of 41% (range 33 — 59) of the dose
interval is needed.

CONCLUSION:

The Applicant has provided information from animal models to suggest that the critical
pharmacodynamic parameter for linezolid is time above the MIC. The data provided suggest
that for linezolid to be efficacious against S. pneumoniae and S. aureus that a T>MIC of >40%
of the dose interval needs to be achieved.

The Applicant in this submission (NDA 21-130 SE5-003 section 8.7 pg. 78) provided dose-
response information in humans. The data provided shows that at the doses the Applicant is
recommending that the time above the MICgy of 4 pg/mL was greater than 40% of the dosing
interval for both IV and PO administration for all age groups. However it should be noted that in
the age range of 91 days to 4 years that for both the IV and PO dosing data that the median
time above MICq (as a percentage and actual time) is the lowest of all the age groups. This
data suggests that the concentration of linezolid may not be above the MICg of 4 ng/mL for
240% of the dosing interval for some patients in the age range of 91 days to 4 years.

Human Dose Response Information

The Applicant provided dose-response or concentration-response information for the patients
enrolied in study 00082 (NDA 21-130 SE5-003 section 8.7 pg. 78). Table 18 summarizes this
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information by age group. As can be seen the time-above the MICqg of 4 ug/ml. was greater
than 40% of the dosing interval for both IV and PO administration of linezolid for all age
groups. As was noted in the pharmacodynamic section of this review the critical efficacy
parameter for linezolid is the time that the plasma concentration can remain above the MiCg of
the target pathogen. The critical percentage of time as determined by experimental animal
infections is >40% of the dosing regimen. In the set of patients depicted in Table 18 this
parameter was exceeded in every age group.

Table 18. Summary statistics of the time above the MIC (linezolid treated patients in study
0082).

Time Above Time Above
BIC,, As MIC,, As Time Above Time Above
Percent of Percent of MiCy - MICy - PO
Dosing Dosing interval {hours} {hours)
Interval - IV - PO
Birth to 90 days
Mean (SD} 61.4 (30.7 62.5{40.5) 4.91(2.46} 5.00 {3.24}
Median 82.5 813 500 8.50
Min-Max I —_— p— .
N 41 5 41 5
91 days to 4 years
Mean (SD) 48.1{22.0) 55.8 (33.2) 3.69 (1.75) 4.47 (265)
Medlan 438 B56 AR0 525
Min-Max —— —— - ——
N 105 58 105 58
5to 11 years
Mean (SD} 65.6 (21.0} 834{17.8) 524 (1.68) 6.87 (1.42)
Median 825 a37 500 7.50
Min-Max — — -_— —
N 45 78 A% 26
All Patients Combined
Mean (SD) 54.0 (25.3) 64.3 (32.1) 4.32{2.02) 514 (2.57)
Median hoo 7560 400 a.00
Mir-Max — _— e —_—
N 1 191 | 89 | 191 1 89 |

Figure 1 shows by a frequency distribution histogram AUCq.4 (ng*hr/mL) values stratified by
clinical responses at follow-up. As can be seen there was no relationship between clinical
outcome and AUC,.,4.

Figure 1. Frequency distribution histogram of individual AUC,.,4 values stratified by clinica
response at follow-up.

APPEARS THIS WAY
ON ORIGINAL
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Figure 2 shows by a frequency distribution histogram AUCq.4 (ugxhr/mL) values stratified by
bacteriological responses at follow-up. As can be seen there was no relationship between
bacteriological response and AUCg.4.

Figure 2. Frequency distribution histogram of individua! AUC, »4 values stratified by

bacteriological response.
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CONCLUSION:

The Applicant has provided human dose response information to sugdest that at their
suggested dosing regimens the time above the MICgq of 4 pg/mL was greater than 40% of the
dosing interval for both IV and PO administration of linezolid. However it should be noted that
in the age range of 91 days to 4 years that for both the IV and PO dosing data that the median
time above MICy (as a percentage and actual time) is the lowest of all the age groups. This
data could suggest that there maybe some individuals where the concentration of linezolid
would not be above the MICq, of 4 ug/mL for 40% of the dosing interval. The reader is referred
to the Pharmacology review for further information.

The Applicant also provided information to show that there is no relationship between clinical
outcome and AUCg.o4.

CLINICAL EFFICACY STUDIES:
In vitro susceptibility test results and correlation with clinical outcome.

The Applicant has used the FDA approved in vitro broth dilution (MIC) interpretive criteria
(Table 19) and disc diffusion interpretive criteria (Table 19) noted below to determine the
linezolid susceptibility of isolates from the pediatric studies performed to support the
Applicant’s labeling requests in this submission. These interpretive criteria are identical to the
interpretive criteria that were approved after review of the data from the Applicant's original
NDA submission (NDA 21-130 dated 10/15/99). Based on the information the applicant has
provided in this submission on the pharmacokinetics of linezolid in children and what is known
about the pharmacodynamic parameters of linezolid this Reviewer feels that the use of these
interpretive criteria for the pediatric studies is appropriate.

Table 19. MIC and Disk Diffusion Susceptibility Test Interpretive Criteria

APPEARS THIS WAY
ON ORIGINAL
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Tatle 4. Susceptibility Interpretive Criteris for Linezolid

Sayceptibility Interpretive Criteria,

Mininwaf Eahibitory Dirk Dilfysiun
Patbopen Concentrations {Zooe Dismcters in aum)
(MIC: in yp/oed.}

b 1 i by 1 R
Lrteragucens Rp <2 4 B =23 2§.22 <0
Staplylacoec spp <4 . 221 — =
.kbe.u'mmu Fucatanias <7 - o 21 — -
Streptococews ip olher < - — Fart faad -
t= $ prenmoniae !
*  The rument ahsence of data on resisteent struins precludes defining any cetegorics ather than

5 ble.™ Sirging vielding st results saggestive of a “nonsusceptible” category should

be retested, snd if the reszlt is confirrned, the malaze should be submited ta 4 reference

Ipbomtory for firther testing.

These inlerpretive standands for § juewmontar and Strepiorarrys spp. other than S,

feymonive ate ppliczbie ouly 1o trats pesformed by broth micredilution using tation-

gdjusted Muekler-Hinton broth with 2 ta 3% lysed horse blnod inaculaed with 3 dizect
colony s ion and incubated  arsbient air af 354 for 20 to 24 hours.

*  These zone diameler snterpretive standards are applicable only 1o wsts performed using
Awelies-Hinton agar supplemeeizd with 5% defibrinated sheep blood inocuiated witha
dircct colany suspension and incubated in 5% CO; &t 35°C for 20 w 24 hours.

PEDIATRIC CLINICAL EFFICACY STUDIES:

APPEARS THIS WAY
ON ORIGINAL

Table 20 is a summary of the various pediatric studies that were done with linezolid. There
were a total of 4 studies (2 Phase 2 and 2 phase 3 studies). Data from the Phase 2 studies
were used to determine the dose that would be used during Phase 3 studies. The dose used
during Phase 3 studies was 10 mg/kg.

APPEARS THIS WAY
ON ORIGINAL

Table 20. All comparator controlled, dose-comparison, and uncontrolled studies for linezolid
with pediatric patients.

APPEARS THIS WAY

ON ORIGINAL
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Following are descriptions of the two Phase 3 studies (0065 and 0082) provided by the

applicant.
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Studv 0065 {6}, a Phase 3, blinded, randomized, comparator-controlled, multinational,
multicenter study, compared the safety, tolerability, and clinical efficacy of oral linezolid
with oral cefadroxil. A total of 508 pediatric patients between the ages of 5 and 17 years with
uncomplicated skin and skin structure infections (3581) were randomized in a 1-1 ratio 10
receive oral linezolid or cefadroxit. Children 5 through 11 vears of age received either
linezolid suspension 10 mg/kg (up to 600 mg/dose) every 12 hours or cefadroxil suspension
15 mg/kg (up to 500 mg/dose) every 12 hours. Children 12 through 17 years of age received
either linezolid tablets 600 mg every 12 hours or cefadroxit capsules 500 mg every 12 hours.
Both treatments were to be administered for 10 to 2! days. The study consisted of 4 visits; &
baseline visit, a day 7 visit, an end of reatment (EQT) visit within 72 hours of the last dose
of study medication, and a follow-up (F-U) visit 10 to 21 days afler the last dose of study
medication. The F-U visit was considered the test-of-cure {TOC) visit.

Study 0082 7}, a Phase 3, randomized, open-labet, comparator-controlled, multicenter study,

compared the safety, toferability, and clinical efficacy of intravenously and orably

administered linezotid with intravenously administersd vancomycin in the treatment of

known or suspected antibiotic-resistant gram-positive bacterial infoctions, including

infections due to methicillin-resistant Stuphylococens aurens (MRSA ), methicillin-resistant

Naphylococcus species (MRSS), penicillin-resistant Streprocaceus prerononiae {PRSP), and

vaa:;:omycin-resismm Enterococeus species (VRE) in chifdren fmmp;irth through 11 years of APP EA RS TH Is WAY
age. A total of 321 patients were enrolled and randomized in a 2:1 ratio to receive lingzolid ON ORI Gl NAL

or vancomycin, respectively. Study patients were stratified by age as fotlows: birth through

90 days, 91 days through 4 years old, and $ years through 11 years old. During the first

3 days of treatment paticnts received either linezolid IV 10 mg/kg (up to 600 mgfdose) every
8 hours or vancomycin IV, dosed according to age (neonates <7 days old, neonates >7 days
through 1 month old, children >! month old} and weight. Patients with documented VRE {on
or before day 3) who were randomized to vancomycin were switched 16 linezolid, After 3
days of ireatment, the study patients could be switched from IV to oral administration of
study medication at the discretion of the investigator if they were 291 days of age. Patients
randdomized to linezolid treatment who switched to oral linezolid received a linezolid

———  suspension (10 mgrkg) approximately every 8 hours. Patients randomized to
vancomycin could receive an oral step-down medication if they were 291 days of ageand
they had an isolated baseline gram-positive pathogen that was susceptible to the oral step-
down medication. Planned therapy for the study was at [east 10 days and up to 28 days,
depending upon the infection, Fallowing screcning and initiation of treatment at baseline,
assessments of safety and efficacy were performed at scheduled visits on days 3, 10, 17, and
24 during treatment {depending on treatment duration), an EOT visit within 72 hours after the
last dose of study medication, and a F-U visit between 12 and 28 days afier treatment
completion. Up to 4 pharmacokinctic {PK} assessments were performed on days 3, 10, 17,
and 24/EQT. The F-U visit was considered the TOC visit.

The efficacy endpoints and microbiological outcome parameters for evaluation of results from
the studies are described below (NDA 21-130 SE5-003 Section 8.7) as submitted by the
applicant.
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3.3.1. Primary Efficacy Endpoint

The primary efficacy variables in Studies 0065 and 0082 were the Investigator and Sponsor :
Assessments of Patient Clinical Chnoome. The TOC assessments were performed at the F-U =
visit

3.3.1.1. Investigator Assessment of Clinical Outcome

Atthe EOT and F-U visits, the investigator assessed all patients. At the F-U visit (TQC), the
investigator assigned one of the following clinical outcomes: cured, failed, or indeterminate.

3.3.1.2. Sponsar Assessment of Clinical OQutcome

The Sponsor-Defined Clinical Outcome was based on the global evaluations made by the
investigator, the number of days and doses of study medication received, and whether a
concomitant antibiotic had been administered. To be classificd as a Cure, the paticnt must
have received at feast 5 days of study medication and to be classified as a F ailure, the patient
must have received at feast 2 days of stundy medication. The Sponsor-Defined Patient
Clinical Qutcomes superseded the investigatar’s assessments. At the TOC visit, each patient
was assigned a clinical outcome according to the following criteria:

o Cured If a patient’s symploms had resolved and no further antibiotic therapy was
indicated.

e Failed:
a. [fapatient was given an antibiotic except as allowed by protocal;
b, Ifa patient had no postbascline assessment within the EOT and F-U windows {or
the assessments were Indeterminate in both);

c. [fa patient had no data (or the outcome was Indeterminate) for the F-U visit and
had an outcome of Failed at EQT,

+ Indclerminate: If a patient was assessed as clinically Improved or Cured at the EOT
visit and had no asscssment at the F-U visit or the assessment was Indeterminate.

* Missing: Ifa patient received fewer than 2 days of study medication.

3.3.2. Secondary Efficacy Endpoints

The secondary efficacy variables in Studies 0065 and 0082 that will be discussed in this ISE
were the Patient Microbiclogical Outcome and Individual Pathogen Outcomes.

APPEARS THIS WAY
ON ORIGINAL
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3.3.2.1. Patient Microbiological Qutcome

The sponsor classified each baseline organism as a pathogen or nonpathogen (Appendix 2),
In Study 0082, coagulase-negative staphylococci, including 5 epidermidis, were considered
pathogens in catheter-related bacteremia, bacteremia of unknown source, and in neonates.
Each baseline pathogen was assigned a Sponsor-Defined Microbiologic Outcome at the F-t)
visit. Multiple pathogens identified in cufture samples from the same patient were assigned
separate cutcomes. These assessments were based on the results obtained from culture and
sensitivity testing done at the ceniral laboratory. To be evaluated as Documented
Microbiologic Persistence or as Presumed Microbiologic Persistence, patients must have
received at least2 days of study medication. The calegories for Sponsor-Defined Patient
Microbiotomic Othicome for patients who had 1 or more pathogens isolated at the baseline
visit were eradication, persistence, superinfection, colonization, indeterminate, or missing.

In the collapsed patient microbiclogic outcome presented in this ISE, patients who had a
Documented or Presumed Micrebiological Eradication or Colonization were considered a
Microbiological Success. Patierty who had a Decumented or Presumed Microbiological
Persistence or Superinfection were considered a Microbiological Faiture.

3.3.2.2. Individual Pathogen Qutcome

Each baseline pathogen was assigned a Sponsor-Defined Microbiolegic Ouicome for the
F-1J visit a5 cradication, noneradication, indeterminate, or missing. Multiple pathogens
identified in culture sumples from the same patient werc assigned separate outcomes.

CLINICAL AND MICROBIOLOGY OUTCOMES BY INDICATION:

Nosocomial/Hospital-Acquired Pneumonia

APPEARS THis WAY

nay gLAHERY]

Tables 21 and 22 show the microbiological outcomes by baseline pathogen and clinical cure
rates for the microbiologically evaluable and modified intent to treat (MITT) populations at the
test of cure (TOC). The number of patients is too small from which to make any conclusions
about the efficacy of linezolid to treat hospital-acquired pneumonia in the pediatric population.

Table 21. Summary of microbiological and clinical outcomes for hospital acquired
pneumonia (Study 0082) by baseline pathogen and susceptibility for microbiologically

evaluable (ME) patients at test of cure (TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate (%)*
%

Staphylococcus
aureus
Methicillin 2/2 (100) 2/2 (100)
Resistant
Methicillin 1/1 (100) 1/1 (100)
Susceptible

Staphylococcus
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epidermidis™ A
Methicillin 3/3 (100) 2/3 (66.7)
Resistant =

Staphylococcus
haemolyticus*

Methicillin 1/1 (100) 0/1 (0) APPEA

Resistant RS THIS way

‘ ON ORIGINAL

Staphylococcus

hominis*

Methicillin 1/1 (100) 0/1 (0)

Resistant

» Coagulase-negative staphylococci were considered pathogens only for
neonates (0-90 days)
“These data represent the Applicant’s evaluation

Table 22. Summary of microbiological and clinical outcomes for hospital acquired
pneumonia (Study 0082) by baseline pathogen and susceptibility for modified intent
To treat (MITT) population at test of cure (TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate {%)*
%

Staphylococcus
aureus
Methicillin 2/3 (66.7) 213 (66.7)
Resistant
Methicillin 11 (100) 1/1 (100)
Susceptible

Staphylococcus APPEARS ifhis i,
epidermidis* . ON ORIGINAL
Methicillin 3/4 (75) 214 (50)
Resistant

Staphylococcus

haemolyticus™
Methicillin 1/1 (100) 0/1 (0)
Resistant

Staphylococcus
32



DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)
MICROBIOLOGY REVIEW
NDA 21-131 SE5-003 DATE REVIEW COMPLETED:12 Dec 02
NDA 21-130 SE5-003
NDA 21-132 SE5-003

hominis*

Methicillin 1/1 (100) 0/1 (0) .

Resistant > APPEARS THIS wx.
ON ORIGINAL

¢ Coagulase-negative staphylococci were considered pathogens only for
neonates (0-90 days)
* These data represent the Applicant's evaluation

Community Acquired Pneumonia

Tables 23 and 24 show the data for the microbiological and clinical outcomes for community
acquired pneumonia. The number of patients involved is too small from which to draw any
definitive conclusions about the efficacy of linezolid to treat community-acquired pneumonia
(CAP) in the pediatric population.

Table 23. Summary of microbiological and clinical outcomes for community
acquired pneumonia (CAP) {Studies 0045 and 0082) by baseline pathogen
and susceptibility for microbiologically evaluable (ME) population at test of
cure {TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate (%)*
%

Staphylococcus
aureus
Methicillin 2/2 (100) 2/2 (100)
Resistant

Streptococcus
pneumoniae
Penicillin 3/3 (100) 3/3 (100) APPEARS THIS %,
Susceptible ON ORIGINAL
Penicillin 1/1 (100} 1/1 (100)
Intermediate
Penicillin Resistant
and at least 1 other

antibiotic 212 (100) 2/2 (0)
Streptococcus .
pyogenes 1/1 (100) 1/1 (100)

*These data represent the Applicant’s
evaluation
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Table 24. Summary of microbiological and clinical cutcomes for community
acquired pneumonia (CAP) (Studies 0045 and 0082) by baseline pathbgen
and susceptibility for modified intent to treat (MITT) population at test of cure
(TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
. Eradication Rate = Cure Rate (%)
%

Staphylococcus
aureus
Methicillin 2/2 (100) 2/2 (100)
Resistant

Streptococcus
pneumoniae
Penicillin 3/3 (100) 3/3 (100)

Susceptibie
Penicillin 1/1 (100) 1/1 (100) APPEARS THIS WAy
intermediate ON ORIGINAL
Penicillin Resistant
and at least 1 other

antibiotic 2/2 (100) 2/2 (0)
Streptococcus
pyogenes 1/1 (100) 1/1 (100)

*“These data represent the Applicant’s
evaluation

Uncomplicated Skin and Skin Structure Infections

Tables 25 and 26 show the microbiological and clinical outcomes for skin and skin structure
infections by baseline pathogen and susceptibility. There are too few infections due to £,
faecalis, coagulase-negative staphylococci and streptococcus species to determine if linezolid
is efficacious in treating skin and skin structure infections due to these organisms in the
pediatric population. Linezolid appears to be efficacious in treating uncomplicated skin and
skin structure skin structure infections due to methicillin-susceptible S. aureus and S.
pyogenes. There are too few cases of infection with MRSA from which to determine the
efficacy of linezolid to treat these infections. Therefore MRSA should not be included in the
uncomplicated skin and skin structure indication. Table 27 shows the baseline linezolid MIC
for methicillin-susceptible and —resistant S. aureus as well as S. pyogenes with the clinical and
pathogen outcome.
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Table 25. Summary of microbiological and clinical outcomes for skin and skin

structure infections (uncomplicated) (SSSI) by baseline pathogen and>
susceptibility for microbiologically evaluable (ME) population at test of cure

(TOC)

Baseline Pathogen

Enterococcus faecalis
Vancomycin
Susceptible

Staphylococcus
aureus
Methicillin Susceptible
Methicillin Resistant

Staphylococcus
haemolyticus
Methicillin Susceptible

Staphylococcus

lugdunensis
Methicillin Susceptible

Staphylococcus
simulans

Staphylococcus
warneri
Methicillin Susceptible

Streptococcus
agalactiae

Streptococcus
dysgalactiae

Streptococcus
intermedius

Streptococcus

Linezolid Pathogen  Linezolid Clinical

Eradication Rate Cure Rate (%)*

%

111 (100)

108/121 (89.3)
12/13 (92.3)

1/1 (100)

01 (0)

3/3 (100)

1/2 (50)

1/1 (100)

2/1 (100)

1/1 (100)

11 (100)

108/120 (90)
12/13 (92.3)

1/1 (100)

0/1 (0)

3/3 (100)

1/2 (50)

111 (100)

2/1 (100)

11 (100)

APPEARS THIS way
ON ORIGINAL
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pyogenes 32/34 (94.1) 32/33 (97)
*These data represent the Applicant’s =
evaluation

Table 26. Summary of microbiological and clinical outcomes for skin and skin
structure infections (uncomplicated) (SSSI) by baseline pathogen and
susceptibility for modified intent to treat (MITT) population at test of cure (TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate (%)*
%

Enterococcus faecalis
Vancomycin 1/1 (100) 1/1 (100)
Susceptible

Staphylococcus
aureus
Methicillin Susceptible 110123 (89.4)  110/122 (90.2) AP%?S%E”'S WAY
Methicillin Resistant 13/14 (92.9) 13/14 (92.9) INAL

Staphylococcus
haemolyticus
Methicillin Susceptible 1/1 (100) 1/1 (100)

Staphylococcus
lugdunensis
Methicillin Susceptible 0/1 (0) 01 (0)

Staphylococcus
simulans 3/3 (100) 3/3 (100)

Staphviococcus
wameri
Methicillin Susceptible 1/2 (50) 1/2 (50)

Streptococcus
agalactiae 1/1 (100) 1/1 (100)

Streptococcus :
dysgalactiae 2/2 (100) 2/2 {100)

Streptococcus
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intermedius 1/1 (100) 1/1 (100)
Streptococcus -
pyogenes 33/37 (89.2) 33/36 (91.7)

*These data represent the Applicant’s
evaluation

APPEARS THIS WAY
ON ORIGINAL

Table 27. Baseline linezolid MIC for methicillin-susceptible and —resistant S. aureus as well as
S. pyogenes with the clinical and pathogen outcome.

Table 4.3
Frequency Tabie foe Sponsor's Gliriczf Outcomeo and Patogan Ouicome by Basalre Linazolid S56 for Linza’4 Patisnts - Wiern Bvel 1]
SKSKn Structie
{Phase 10 Protoool 65§

Date Producad: 2046AY02 #1:48 DritSSR2 SAS

Clinial Qutoame Pathogen Ouoocma
at Tastobure Visit at Tast-obLune Vist
Basehe [
Rasaing Basdine Unereldbers | Cures fFalnd No. | No. | Eradcatfion | Eradication § No. | Mo
Pafogan Susceptibty {moghni) %) s} indal | Miss %} Lxd] rdet | Mis
ENTEROCOCCUS FAECALS VE 2 1 [10090) 1(190.0)
STAPHYLOCOCCUS AUREUS R 2 & (10D} 8 ooy
18 z open] 60y ]  eqios|
MR . [T IETE 6{857) 1(14.3)
' [] 56 [p0.8) §{3.2) 2 Sa@nq]  T(08) 1
Tot! [ETE I 2 10@es)| 400l 1
STAPHYLOCOCCUS HEMOLYTIGUS 145 F )| 11100.0)
STAPHYLOCOCCUS LUGOUNERSIS M5 1 1 (160.04 1¢100.0)
STAPHYLOCDCCHS SIANARS (55 2 31000} 312000
STAPHYLOCOCCES WARNER] M& [ 141000) 1 {1000
M5 ] 14100.0) 1{160.0)
Totsf 100 1{50.0) 1 509) 1(80.0)
STREPTOOOCCUS AGAL ACTIAX M 1 1{10.0)] 1 110601
STAEPTOCOCCHS DYSGALAGTIAE I 2 11005} t11005]|
STREPTOCOCCAS INTERREDIS A 1 1 {100.0} 1410501
STREPTOCCCCLS PYOGENES A 1 21 @5.5) 1{4.5 21485.5 1{4.5)
Al 2 11 {102.0{ 1 11017 1.3
Totd I 1{3.0 1 2{9d.0} 2{59)

Complicated Skin and Skin Structure Infections
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Tables 28 and 29 show the data for complicated skin and skin structure infections by baseline
pathogen and susceptibility. There are too few methicillin-susceptible S. aureus, methicillin-
resistant S. aureus, enterococci, coagulase-negative staphylococci ahd S. pyogenes to make
any definitive conclusion about the efficacy of linezolid to treat complicated skin and skin
structure infections caused by these organisms in the pediatric population. The Agency
guideline suggests that in order to obtain a claim for an antimicrobial the antimicrobiat must
show efficacy at the test of cure against a specific organism in at least 10 evaluable patients in
a specific indication group.

Table 28. Summary of microbiological and clinical outcomes for complicated
skin and skin structure infections (CSSI) by baseline pathogen and
susceptibility for microbiologically evaluable (ME) population at test of cure
(TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate (%)*
%

Enterococcus faecalis

Vancomycin 1/1 (100) 1/1 (100)
Susceptible

Enterococcus faecium

Vancomycin 2/2 (100) 2/2 (100)
Susceptible

APPEARS THIS WA
Staphylococcus Y
aureus ON ORIGINAL
Methicillin Susceptible 18/19 (94.7) 18/19 (94.7)
Methicillin Resistant 9/10 (90) 9/10 (90)

Staphylococcus
epidermidis
Methicillin Resistant 1/1 (100) 1/1 (100)

Staphylococcus
warneri
Methicillin Susceptible 1/1 (100) 11 (100)

Streptococcus
agalactiae 1/1 (100) 1/1/ (100)

Streptococcus
dysgalactiae 1/1 (100) 1/1 (100)
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Streptococcus .
pyogenes 2/2 (100) 212 (100) >

*These data represent the Applicant's

evaluation

Table 29. Summary of microbiological and clinical outcomes for complicated
skin and skin structure infections (CSSI) by baseline pathogen and
susceptibility for modified intent to treat (MITT) population at test of cure (TOC).

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure_ Rate (%)*

Enterococcus faecalis

%)

Vancomycin 2/2 (100) 2/2 (100)
Susceptible
Enterococcus faecium . APPEARS THIS WAY
Vancomycin 212 (100} 2/2 (100) ON QRIGINAL
Susceptible
Vancomycin Resistant 1/1 {100) 1/1 (100)
Staphylococcus
aureus
Methicillin Susceptible 21/25 (84) 21/25 (84)
Methicillin Resistant 9/10 (90) 9/10 (90)
Staphylococcus
epidermidis
Methicillin Resistant 1/1 (100) 1/1 (100)
Staphylococcus
warneri
Methicillin Susceptible 1/1 (100) 1/1 (100)
Streptococcus
agalactiae 1/1 (100) 1/1/ (100)
Streptococcus
dysgalactiae 1/1 (100) 1/1 (100)
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Streptococcus
pyogenes 3/3 (100) 3/3 (100)

*These data represent the Applicant’s
evaluation

Vancomycin-Resistant Enterococcus faecium

Table 30 shows the data for the vancomycin resistant E. faecium collected from studies 0025
and 0082. Study 0082 was the resistant gram-positive infection in children and 0025 is the
data from the pediatric uncontrolled compassionate use protocol. No definitive conclusion can
be made as to the efficacy of linezolid to treat infections caused by vancomycin-resistant E.
faecium in the pediatric population because of the small number of cases presented.

Table 30. Summary of microbiological and clinical outcomes for patients with
vancomycin-resistant Enterococcus for the microbiologically evaluable (ME)

and modified intent to treat (MITT) populations at test of cure (TOC) (studies
0025 and 0082)

Microbiologically Evaluabie
Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate = Cure Rate (%)*
%

Enterococcus

faecium 414 (100) 4/4 (100) APPEARS THIS WAY

ON ORIGINAL
Modified Intent to
Treat
Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate Cure Rate (%)
%

Enterococcus
faecium 5/9 (55.5) 5/9 (55.5)
*These data represent the Applicant's
evaluation
Conclusion:

Because of the lack of microbiology data as well as clinicat data related to the indications for
vancomycin-resistant Enterococcus faecium, including cases with concurrent bacteremia,
nosocomial pneumonia caused by Staphylococcus aureus (methicillin-susceptible and
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resistant strains), or Streptococcus pneumoniae (penicillin-susceptible strains), complicated
skin and skin structure infections caused by Staphylococcus aureus (methicillin-susceptible
and resistant strains), Streptococcus pyogenes, or Streptococcus agatactiae, and community-
acquired pneumonia caused by Streptococcus pneumoniae (penicillin-susceptible and
resistant strains), including cases with concurrent bacteria, or Staphylococcus aureus
(methicillin-susceptible strains only) from the microbiology perspective these indications should
not be granted. The microbiology data as well as the clinical data for the indication of
uncomplicated skin and skin structure infections caused by Staphylococcus aureus (methicillin-
susceptible and susceptible isolates) and S. pyogenes is adequate and it is suggested that this
indication be granted for the indicated organisms. There are too few cases of infection due to
MRSA in the data base from which to determine the efficacy of linezolid to treat infections due
to MRSA therefore it should not be included in the uncomplicated skin and skin structure
infection indication.

Eradication Results and Clinical Cure Rates by Baseline Pathogen from All Studies for
Microbiologically Evaluable Populations

Tables 31 and 32 are summary tables for the organisms from all studies. As can be seen there
are very few isolates for the majority of organisms. See individual indications for microbiology
conclusions about specific indications.

Table 31. Summary of microbiological and clinical outcomes for all studies by
baseline pathogen and susceptibility for microbiologically evaluable (ME)
population at test of cure (TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate =~ Cure Rate (%)
%

. APPEARS THIS WAY
Enterococcus faecalis ON ORIGINAL
Vancomycin 2/2 (100) 2/2 (100)
Susceptible

Enterococcus
faecium
Vancomycin 2/2 (100) 2/2 (100)
Susceptible
Vancomycin Resistant 4/4 (100) 4/4 (100)

Staphylococcus
aureus
Methicillin Susceptible  127/141 (90.1) 127/140 (90.7)
Methicillin Resistant 25/27 (92.6) 25/27 (92.6)

41




DIVISION OF ANTIINFECTIVE DRUG PRODUCTS (HFD-520)
MICROBIOLOGY REVIEW
DATE REVIEW COMPLETED:12 Dec 02

NDA 21-131 SE5-003
NDA 21-130 SE5-003
NDA 21-132 SE5-003

Staphylococcus
epidermidis
Methicillin Resistant

Staphylococcus
haemolyticus
Methicillin Susceptible
Methicillin Resistant

Staphylococcus
hominis
Methicillin Resistant

Staphylococcus
fugdunensis
Methicillin Susceptible

Staphylococcus
simulans

Staphvlococcus
warneri
Methicillin Susceptible

Streptococcus
agalactiae

Streptococcus
dysgalactiae

Streptococcus
intermedius

Streptococcus
pneumoniae
Penicillin Susceptible
Penicillin Intermediate
Resistant to Penicillin
and
at least one other
antibiotic

Streptococcus

4/4 (100)

1/1 (100)
11 (100)

1/1 (100)

0/1 (0)

3/3 (100)

2/3 (66.7)

2/2 (100)

2/2 (100)

11 (100)

3/3 (100)
1/1 (100}

2/2 (100)

4/4 (100)

1/1 (100)
0/1 (0)

0/1 (0)

0/1 (0)

3/3 (100)

2/3 (66.7)

2/2 (100)

2/2 (100)

1/1 (100)

3/3 (100)
1/1 (100)

2/2 (100)

=

APPEARS THIS WAY
ON ORIGINAL

pyogenes 35/37 (94.6) 35/36 (97.2)
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These data represent the Applicant's :
evaluation >

Eradication Results and Clinical Cure Rates by Baseline Pathogen from All Studies for
Modified intent to Treat Populations

Table 32. Summary of microbiological and clinical outcomes for all studies by
baseline pathogen and susceptibility for modified intent to treat (MITT)
population at test of cure (TOC)

Baseline Pathogen Linezolid Pathogen Linezolid Clinical
Eradication Rate =~ Cure Rate (%)
%

Enterococcus faecalis

Vancomyecin 3/3 (100) 3/3 (100)
Susceptible
Vancomycin Resistant 1/1 {100) 1/1 (100)
APPEARS THIS Yin:
Enterococcus ON ORIGINAL
faecium
Vancomycin 2/2 (100) 2/2 {(100)
Susceptible
Vancomycin Resistant 5/9 (55.6) 5/9 (55.6)
Staphylococcus
aureus
Methicillin Susceptible  132/149 (88.6) 132/148 (89.2)
Methicillin Resistant 26/29 (89.7) 26/29 (89.7)
Staphylococcus
epidermidis
Methicillin Resistant 4/5 (80) 3/5 (60)
Staphylococcus
haemolyticus
Methicillin Susceptible 1/1 (100) 1/1 (100)
Methicillin Resistant 1/1 (100) 0/1 (0)
Staphylococcus
hominis
Methicillin Resistant 1/1 (100} 0/1 (0)
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Staphylococcus .
lugdunensis =
Methicillin Susceptible 0/1 (0) 0/1 (0)

Staphylococcus
simulans 3/3 (100) 3/3 {(100)

Staphylotoccus
warneri
Methicillin Susceptible 2/3 (66.7) 2/3 (66.7)

Streptococcus
agalactiae 2/2 (100) 2/2 (100)
APPEARS THIS WAY

Strepfococcus INAL
dysgalactiae 2/2 (100) 2/2 (100) ON ORIG

Streptococcus
intermedius 1/1 (100) 1/1 (100)

Streptococcus

pneumoriae
Penicillin Susceptible 3/3 (100) 3/3 (100)
Penicillin Intermediate 1/1 (100) 1/1 (100)
Resistant to Penicillin

and
at least one other
antibiotic 2/2 (100) 2/2 (100)

Streptococcus
pyogenes 37/41 (90.2) 37/40 (92.5)

These data represent the Applicant's
evaluation

CONCLUSION:
Results of in vitro susceptibility testing of isolates from clinical studies.

The applicant has provided scattergrams of the in vitro susceptibility test results generated
from testing isolates obtained from the pediatric clinical trials associated with this application.
The scattergram seen in Figure 3 is for S. pneumoniae isolates from all geographical regions.
Figure 4 represents the scattergram from the Applicants original application (NDA 21-130
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dated 10/15/99). As can be seen the scattergrams for the S. pneumoniae from all geographical
regions from both studies show a similar pattern. In both studies there was no disc diffusion
zone size of <23mm. While in the original data there were two S. pneumoniae isolates with
MICs of 4 pg/mL there were no S. pneumoniae isolates from the current studies with MICs of 4
ng/mL. Based on the current interpretive susceptibility test criteria for linezolid (see section
“SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION OF
RESISTANCE”) there were no S. pneumoniae isolates from the current studies that can be
considered "resistant to linezolid. There were no discrepancies between disc diffusion
classification as susceptible to linezolid and MIC classification as to susceptible to linezolid for
the S. pneumoniae isolates from the clinical studies to support this current application (NDA
21-130 SE5-003).

Figure 3. (NDA21-130 SE5-003)

Figure 4.4, Scattergram of Linezdlid MIC vs. Zooe Sze for Streptocacens pregmonize Ivolated from all Geopraphic Regings « ITT
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Figure 4. Scattergram for S. pneumoniae from all geographical regions created from data from
Applicant’s data from original NDA (NDA 21-130 dated 10/1 5/02).
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APPEARS THIS WAY
ON ORIGINAL

In Figure 5 is the scattergram for Streptococcus species other than S. pneumoniae created
from the susceptibility profiles of the isolates from the pediatric clinical studies associated with
this application (NDA 21-130 SE5-003). Figure 6 is the scattergram created from the
susceptibility data from the original submission (NDA 21-130 dated 10/15/99) for these same
types of organisms. As can be seen in Figure 5 there were 5 isolates that had disc diffusion
zone sizes of == No isolates with disc diffusion zone sizes of <20mm were seen in the
original data (NDA 21-130 dated 10/15/02). Using the current disc diffusion interpretive criteria
(see section “SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION
OF RESISTANCE") these five isolates would be considered resistant to linezolid by disc
diffusion testing. Because their linezolid MICs were <2 pg/mL these isolates would fall into the
category of false resistant by disc diffusion testing creating a major error rate of 7.6% for the
Streptococcus species other than S. pneumoniae.

Figure 5 (NDA 21-130 SE5-003)

HPPEARS THIS WAY
ON ORIGINAL
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Figure 7.4.2.6.2. Scattergram of Linezolid MIC vs. Zoue Size for Streptocaccus Species Other Than Streptococeus prewmonie isolated from all Geographic
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Figure 6. Scattergram created from susceptibility data on Streptococcus species (non-S.
pneumoniae from original NDA (NDA 21-130 dated 10/15/99). "

x>

Figure Z.B
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Figure 7 shows the scattergram created using susceptibility data created from Staphylococcus
species isolated from pediatric clinical trials used to support this application. Figure 8 is the
scattergram created using susceptibility data from isolates of Staphylococcus species collected
from the original clinical trials (NDA 21-130 dated 10/15/99). As can be seen in Figure 7 there
were no Staphylococcus species that had a disc diffusion zone size of <21 mm or a MIC of >4
ug/mL. In Figure 8 which is the scattergram created from the susceptibility data from the
original NDA (NDA 21-130 dated 10/15/99) 5 isolates had a disc diffusion zone size of <21 mm
and MICs of <4 pg/mL. These isolates by current interpretive criteria (see section
‘SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION OF
RESISTANCE") fall in the category of false resistance (minor error of 0.2%). Also as can bee
seen in Figure 8 there were 14 isolates that had zone sizes of >21 mm and MICs of 8 ng/mi.
These isolates are considered by disc diffusion susceptibility testing criteria to be susceptible
to linezolid but resistant to linezolid by MIC interpretive criteria using the current interpretive
criteria (see section “SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE
DETECTION OF RESISTANCE”) causing a very major error of 0.5%. Based on the FDA
approved Staphylococcus species linezolid susceptibility test interpretive criteria for disc
diffusion testing and broth dilution testing for there were no discrepancies seen between disc
diffusion and broth dilution categorization of susceptible for the staphylococci isolated during
clinical studies to support this application.

Figure 7. (NDA 21-130 SE5-003)
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Figure 74.2.6.3. Scatiergram of Lioezolid MEC vs. Zone Size for Staphylocaccus Species Isotated from alt Geographic Regions - ITT
Phase U1 & [1I Protocols 43, 49, 6%, 82
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Figure 8. Scattergram created from susceptibility data on Staphylococcus species from
original NDA (NDA 21-130 dated 10/15/99). '

APPEARS THIS WAY
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Figure 8 shows the scattergram created from the susceptibility data for the Enterococcus
species isolated during the pediatric clinical trials to support this application. Figure 10 shows
the scattergram created for the Enterococcus species isolated from the clinical studies to
support the Applicant’s original NDA (NDA 21-130 dated 10/15/02). As can bee seen in Figure
9 there were two isolates that had disc diffusion zone sizes of >23 mm categorizing these
isolates as susceptible to finezolid by current interpretive criteria (see section
“SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE DETECTION OF
RESISTANCE"). These two isolates had linezolid MICs of 4 ug/mL categorizing them by
current MIC interpretive criteria as intermediate in their susceptibility to linezolid. In addition,
there were 5 isolates that had disc diffusion zone sizes of 21 to 22 mm categorizing them by
current disc diffusion zone size interpretive criteria as intermediate in their susceptibility to
linezolid. These isolates, however, had MICs of <2 ng/mL classifying these by current MIC
interpretive criteria (see section “SUSCEPTIBILITY TEST METHODS AND METHODS FOR
THE DETECTION OF RESISTANCE") as susceptible to linezolid causing an incident of 9.4%
minor error. There was one isolate considered resistant to linezolid by current disc diffusion
interpretive criteria but which had a linezolid MIC of 2 ug/ml categorizing this isolate by current
MIC interpretive criteria as susceptible to linezolid. The minor error rate for Enterococcus
species was 15.1% for this application.
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Figure 9. (NDA 21-130 SE5-003)
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Figure 10. Scattergram created from susceptibility data on Enterococcus species from original
NDA (NDA 21-130 dated 10/15/99).

Figure 5.8
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Tables 33, 34, and 35 give the error rates for each of the organisms and the overall error rate.
The major error rate of 7.6% for the Streptococcus species other than S. pneumoniae is above
the NCCLS recommended error rate of 3% (16). The small number of isolates needs to be
taken into consideration when evaluating the acceptability of this high error rate. The company
will be asked to monitor the interpretive criteria for this group of organisms as a Phase IV
commitment. The minor error rate of 15% for the enterococci is within the minor error rate
suggested by the NCCLS (16).

Table 33. Error rates for Streptococcus species other than S. pneumoniae isolates from
pediatric studies (NDA 21-130 SE5-003)
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Table 74.2.6.2. Discrepancy Rates for Streptococcus spp. Other Than
& prieunoniae from Pegiatric Patlonts for Linezolid

No. Discrepancies {Diterepancy Rate) -
MIC Ran N T tor {9 a
— ge Eo. Very M;iars%i Mqo{;'(&) Mlnn;(ﬁ) APPEARS TH'S WAY
R+S 2 3
[e5+1 = 3 H) 5 ON ORIGINAL
Total &4 [ 5(76) [

Table 34. Error rates for Enterococcus species for isolates from pediatric studies (NDA 21-130
SE5-003)

Table 74.2.6.3. Discrepancy Rates for Enserococcus spp, from
Pediatric Patients for Linezalid

No. DHse cies (Biscrepancy Rate)
MIC Range | No. | Very Major (%) | Major (%) Minor (%)
Z1+2 [ [i] il [1]
Ter T e 5 : : APPEARS THIS WAY
s1-2 0 1] ] i
Toml 83 0 7 815 1%} ON ORIGiNAL

Table 35. Overall error rates for isolates from pediatric studies (NDA 21-130 SE5-003)

Table 7.4.2.6.1. Ervors Rates for Iseintes fram Pediztric Patients Udug the NOCLS and
FDA Approved Interpretive Criteria for Linezolid

| Organigm No. Tested | Minor Errors { Major Errors | Very Major Errors
swm 21 V] {1 0
5 pty et than 6 0 S(76%) 0
Suphviocoesi 3 0 0
[ Siphriococs TR S 3 0 APPEARS THIS WAY
Totl 331 H(L5%) 5 (1%) 1] ON ORIGINAL
CONCLUSION:

The in vitro susceptibility testing MIC and disc diffusion interpretive criteria that are currently
approved (see section “SUSCEPTIBILITY TEST METHODS AND METHODS FOR THE
DETECTION OF RESISTANCE") correlate well with the susceptibility test results seen with the
isolates obtained during clinical pediatric studies. There is no reason to modify the interpretive
criteria at this time. The disk diffusion and MIC interpretive criteria as they currently stand can
be used for both pediatric and adult isolates of S. pneumoniae, streptococci other than S.
pneumoniae, staphylococci, and enterococci.

CONCLUSION:

The Applicant in this submission provided in vitro susceptibility information on the isolates

obtained during pediatric clinical trials. The data show that the isolates of Streptoccocus

pneumoniae, Streptococcus species, Staphylococcus species and Enterococcus species have
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similar MICs to linezolid as the isolates obtained during their initial studies to support their
original NDA (NDA 21-130 dated 10/15/99). The clinical trials to support their original NDA
were done primarily in adults. Thus it appears there is at this time no difference in the
susceptibility of these organisms to linezolid when obtained from either the aduit or pediatric
population.

The in vitro susceptibility data provided in this submission for the organisms of interest (S.
pneumonia¢, Streptococcus species, Staphylococcus species, and Enterococcus species)
support the Applicant’s position that the FDA previously approved susceptibility test
interpretive criteria for both disc and broth dilution testing do not need to be modified.

The Applicant has provided information from animal models to suggest that the critical
pharmacodynamic criteria for linezolid are time above the MIC. The data provided suggest that
for linezolid to be efficacious against S. pneumoniae and S. aureus that a T>MIC of >40% of
the dose interval needs to be achieved. To address this issue the Applicant provided dose-
response data from humans (NDA 21-130 SE5-003 section 8.7 pg. 78). The Applicant in this
submission (NDA 21-130 SE5-003 section 8.7 pg. 78) provided dose-response information in
humans. The data provided shows that at the doses the Applicant is recommending that the
time above the MICq, of 4 ng/mL was greater than 40% of the dosing intervai for both IV and
PO administration for all age groups. However in the age range of 91 days to 4 years for both
the IV and PO dosing data that the median time above MICq (as a percentage and actual
time) is the lowest of all the age groups. This data suggests that there may be some
individuals in the age group of 91 days to 4 years where the concentration of linezolid in the
serum may not be above the MICq of 4 pg/mL for 40% of the dosing interval.

The Applicant in this submission notes that there have been six additional incidents of bacteria
developing resistance to linezolid. Five of the six cases involved enterococci and one involved
S. aureus. All six organisms were shown to have point mutations at an identical position
(G2576} in their 23S ribosomal DNA. This point mutation is considered the mechanism by
which these organisms are resistant to linezolid.

Because of the lack of microbiology data as weli as clinical data related to indications 1,2,3,
and 5 noted below it is suggested from the microbiology perspective that these indications
should not be granted. The microbiology data for indication #4 from the microbiology
perspective is adequate with the exception that oniy methicillin-susceptibie isolates of S.
aureus be included. This is because of insufficient data on infections caused by MRSA from
which to make any conclusion on the efficacy of linezolid to treat infections caused by MRSA.

1. Vancomycin-resistant Enterococcus faecium infections, including cases with
concurrent bacteremia.

2. Nosocomial pneumonia caused by Staphylococcus aureus (methicillin-susceptible
and resistant strains), or Streptococcus pneumoniae (penicillin-susceptible strains).
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3. Complicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and resistant strains), Strepfococcus pyogenes or
Streptococcus agalactiae.

4. Uncomplicated skin and skin structure infections caused by Staphylococcus aureus
(methicillin-susceptible and resistant strains) or Streptococcus pyogenes.

5. Community acquired pneumonia caused by Streptococcus pneumoniae (penicillin-
susceptible and resistant strains), including cases with concurrent bacteremia, or
Staphylococcus aureus (methicillin-susceptible strains only).

The microbiology and pharmacokinetic/pharmacodynamic information provided by the
Applicant supports their proposal that the currently FDA approved susceptibility test
interpretive criteria for both disc diffusion and broth dilution testing do not need to be modified
to interpret the results of these tests for the pediatric poputation.
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PROPOSED MICROBIOLOGY PORTION OF PRODUCT LABEL:
MICROBIOLOGY >

Linezolid is a synthetic antibacterial agent of a new class of antibiotics, the oxazolidinones,
which has clinical utility in the treatment of infections caused by acrobic gram-positive
bacteria. The in vitro spectrum of activity of linezolid also includes certain gram-negative
bacteria and dnaerobic bacteria. Linezolid inhibits bacterial protein synthesis through a
mechanism of action different from that of other antibacterial agents; therefore, cross-resistance
between linezolid and other classes of antibiotics is unlikely. Linezolid binds to a

site on the bacterial 23S ribosomal RNA of the S0S subunit and prevents the formation of a
functional 70S initiation complex, which is an essential component of the bacterial
translation process. The results of time-kill studies have shown linezolid to be bacteriostatic
against enterococci and staphylococci. For streptococci, linezolid was found to be
bactericidal for the majority of strains.

In clinical trials, resistance to linezolid developed in 6 patients infected with E. faecium (4
patients received 200 mg q12h, lower than the recommended dose, and 2 patients received
600 mg q12h). In a compassionate use program, resistance to linezolid developed in 8
patients with E. faecium and in 1 patient with E. faecalis. All patients had either
unremoved prosthetic devices or undrained abscesses. Resistance to linezolid occurs in
vitro at a frequency of 1 x 10 oto 1 x 10 —t1 . In vitro studies have shown that point

mutations in the 23S rRNA are associated with linezolid resistance. ¥ — —
-‘.-—-_ - - — -
————— — —— Reports of vancomycin-resistant E. faecium

becoming resistant to linezolid during its clinical use have been published (1). In one report
nosocomial spread of vancomycin- linezolid-resistant £. faecium occurred (2). There has been
a report of S. aureus (methicillin-resistant) developing resistance to linezolid during its clinical
use (3). The linezolid resistance in these organisms was associated with a point mutation in
the 238 rRNA (substitution of thymine for guanine at position 2576) of the organism. When
antibiotic-resistant organisms are encountered in the hospital it is crucial to immediately
reemphasize infection control policies (4, 5). Resistance to linezolid has not been reported in
Streptococcus spp. including S. pneumoniae.

In vitro studies have demonstrated additivity or indifference between linezolid and
vancomycin, gentamicin, rifampin, imipenem-cilastatin, aztreonam, ampicillin, or
streptomycin.

Linezolid has been shown to be active against most isolates of the following
microorganisms, both in vitro and in clinical infections, as described in the
INDICATIONS AND USAGE section.

Aerobic and facultative Gram-positive microorganisms
Enterococcus faecium (vancomycin-resistant strains only)
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Staphylococcus aureus (including methicillin-resistant strains)
Streptococcus agalactiae

Streptococcus pneumoniae (penicillin-susceptible strains only)
Streptococcus pyogenes

The following in vitro data are available, but their clinical significance is unknown. At least
90% of the following microorganisms exhibit an in vitro minimum inhibitory concentration
(MIC) less than or equal to the susceptible breakpoint for linezolid. However, the safety
and effectiveness of linezolid in treating clinical infections due to these microorganisms
have not been established in adequate and well-controlled clinical trials.

Aerobic and facultative Gram-positive microorganisms
P

Enterococcus faecalis (including vancomycin-resistant strains)

Enterococcus faecium (vancomycin-susceptible strains)

Staphylococcus epidermidis (including methicillin-resistant strains)

Staphylococcus haemolyticus

Streptococcus pnewmoniae (penicillin-tesistant strains)

Viridans group streptococci

Aerobic and facultative Gram-negative microorganisms
Pasteurella multocida

Susceptibility Testing Methods
NOTE: Susceptibility testing by dilution methods requires the use of finezolid susceptibility
powder.

When available, the results of in vitro susceptibility tests should be provided to the physician as
periodic reports, which describe the susceptibility profile of nosocomial and community-
acquired pathogens. These reports should aid the physician in selecting the most effective
antimicrobial.

Dilution Techniques: Quantitative methods are used to determine antimicrobial

minimum inhibitory concentrations (MICs). These MICs provide estimates of the

susceptibility of bacteria to antimicrobial compounds. The MICs should be determined )

using a standardized procedure. Standardized procedures are based on a dilution method == * (broth or
agar) or equivalent with standardized inoculum concentrations and standardized

concentrations of linezolid powder. The MIC values should be interpreted according to

criteria provided in Table 4.

Diffusion Techniques: Quantitative methods that require measurement of zone
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diameters also provide reproducible estimates of the susceptibility of bacteria to
antimicrobial compounds. One such standardized procedure ~ "® requires the use of
standardized inoculum concentrations. This procedure uses paper disks imprégnated with
30 pg of linezolid to test the susceptibility of microorganisms to linezolid. The disk
diffusion interpretive criteria are provided in Table 4.

Table 4, Susceptibility Interpretive Criteria for Linezolid

Susceptibilily Intorpretive Criteris
Misimal Inbibitory Disk Dilfusion

Paihopen Concentraiions {Zame Dlaoscters in mw)

MIC in pofhl §

1 R’ L |

Ererocoerus p 2 4 =8 x| 222 ] 0
Stuplylociec spp” <4 — —_— S — -
SUTETOCOrTIS prh ansKine <2 — — PRI — -
Srrepton sovus spp other <71 ame - » 21 — —_
than § foesceio:*

The cusrent sbsence of data on nepistant strains prechudss defining any categones other than
“Smceptible. ™ Steams yiclding test results Rugpestive of 2 “Ronsusceptibly™ catrgory should
ba netested, and il the romul is confismed, he tsalags shou ki be submifted to & referemce
Izherztany for funher testing,

*  Thess memgreiive siandands fr £ e and Streptoconris spp other than 8
Fraemunias arg applicable only to iy performed by broth microditation using catian-
adjuzned Mucker-Higton broth with 2t 3% lysed horse blood ingcubated with g direct
caloay suspension and izcehated in xmbicat air 3 355C for 20 t 24 Rours.

*  Theze zone diameine interpretive sandards are apphoable anly to tests performed using
Mzclier-Hinton agar supplementad with 596 defibrinated shesp blood inocubated with a
direct cotony supensiod ztud incubated in 3% 00, @ 35°C for 20 to 24 honts

A report of “Susceptible” indicates that the pathogen is likely to be inhibited if the
antimicrobial compound in the blood reaches the concentrations usually achievable. A
report of “Intermediate” indicates that the result should be considered equivocal, and, if the
microorganism is not fully susceptible to alternative, clinically feasible drugs, the test
should be repeated. This category implies possible clinical applicability in body sites where
the drug is physiologically concentrated or in situations where high dosage of drug can be
used. This category also provides a buffer zone which prevents small uncontrolled
technical factors from causing major discrepancies in interpretation. A report of “Resistant”
indicates that the pathogen is not likely to be inhibited if the antimicrobial compound in the
blood reaches the concentrations usually achievable; other therapy should be selected.

Quality Control

Standardized susceptibility test procedures require the use of quality control
microorganisms to control the technical aspects of the test procedures. Standard linezolid
powder should provide the following range of values noted in Table 5. NOTE: Quality
control microorganisms are specific strains of organisms with intrinsic biological properties
relating to resistance mechanisms and their genetic expression within bacteria; the specific
strains used for microbiological quality control are not clinically significant.
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Table 5. Acrcptable Quality Control Ranges for Linezolid t¢ be Used in
Validation of Snsceptibility Test Resules

Acceptable Quality Control Ranges .
e, Mitiwom Inbihifory Disk Biffasion ;
QO Strain Concentraiion (7noe Diameters i mm)
IC in potml )
Enserororcus faecalls 1-4 Not applicable
ATCC 29212
Staphyiornceus auress 1-4 Not applicable
ATCC 29213
Sraphyiococeus mrewy Not applicable
ATCC 25923 . 25.32
Streptococous dpﬂcmnint 030-7 25 -34
ATCC 49619

* This organism may be usad for validation of suscoptibility toss results when westing
Soreptococeus spp. osher than £ prewmonige.

* This quality control range for 5, puewmoriae is applicabla oaly 1o tests perivrmed by bioth
microdilution using cstien-zdjnsted Muslter-Hinton broth with 2 to 5% lysed bhorse blood
inoculated with 5 direct colony suspension and incubaied in ambient air 2t 35°C for 20 10 24
bours.

¥ Thin quality control zone dixmeter rangs is applicable oty to tests perfarmed using Moslier-
Hiznton agar supplemented with 5% defibriratod sheep blood irorubsted with a dinect colony
suspension and incubated in 5% OO, at 35°C for 20 w0 24 hours.
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